
C
c

T
H
T
a

b

H

a

A
R
R
A
A

K
C
F
G

1

c
[
b
a
I
t
d
o
a

O

h
2
c

CASE  REPORT  –  OPEN  ACCESS
International Journal of Surgery Case Reports 37 (2017) 257–260

Contents lists available at ScienceDirect

International  Journal  of  Surgery  Case  Reports

journa l h omepage: www.caserepor ts .com

omplete  torsion  of  gallbladder  following  laparoscopic
holecystectomy:  A  case  study

omoaki  Bekkia,  Tomoyuki  Abea,∗,  Hironobu  Amanoa,b,  Nobuaki  Fujikunia,
iroshi  Okudaa,  Tatsunari  Sasadaa,  Minoru  Yamakia,  Tsuyoshi  Kobayashib,
oshio  Noriyukia,b,  Masahiro  Nakaharaa

Department of Surgery, Onomichi General Hospital, Onomichi, Hiroshima, Japan
Department of Gastroenterological and Transplant Surgery, Applied Life Sciences, Institute of Biomedical and Health Sciences, Hiroshima University,
iroshima, Japan

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 31 January 2017
eceived in revised form 23 June 2017
ccepted 25 June 2017
vailable online 29 June 2017

eywords:
holecystitis
loating gallbladder
allbladder torsion

a  b  s  t  r  a  c  t

INTRODUCTION:  Gallbladder  torsion  is  mainly  associated  with  a  floating  gallbladder.  From  an  anatomical
perspective,  laparoscopic  cholecystectomy  is  a  more  optimal  treatment  than  open  cholecystectomy.
PRESENTATION  OF  CASE:  An 84-year-old  woman  visited  the  Onomichi  General  Hospital  because  of  pro-
gressive  pain  in  the  right  upper  quadrant  of  her  abdomen.  Physical  examination  revealed  a positive
Murphy  sign  and peritoneal  irritation.  Laboratory  data  demonstrated  that inflammatory  marker  levels
were  increased.  Abdominal  ultrasonography  showed  that  blood  flow  in the  cystic  artery  was  reduced
and  the  gallbladder  was  swollen.  Abdominal  contrast-enhanced  computerized  tomography  indicated
that  the  swollen  gallbladder  was  modestly  enhanced  and  the  fundus  was  displaced  under  the  midline
and  detached  from  the gallbladder  bed. The  cystic  duct  was  twisted.  Magnetic  resonance  cholangiopan-
creatography  showed  that  the  root  of the  cystic  duct  was  unclear  and  the extrahepatic  bile  duct  had
V-shaped  distortion.  The  gallbladder  neck showed  a tapering  interruption  with the  common  biliary  duct.
We  made  a preoperative  diagnosis  of  gallbladder  torsion.  Accordingly,  emergency  laparoscopic  cholecys-
tectomy  was  performed.  The  intraoperative  findings  included  a dark  swollen  gallbladder  that  was twisted
in the  counterclockwise  direction.  The  patient  was  discharged  without  any  postoperative  complications

on  day 7.
DISCUSSION:  Combined  acute  onset  of  abdominal  pain  with  characteristic  radiological  findings  made  it
possible  to  precisely  diagnose  gallbladder  torsion.
CONCLUSION: Laparoscopic  cholecystectomy  can be the gold  standard  treatment  for  gallbladder  torsion
after a preoperative  diagnosis  is  made.

© 2017  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CC
access  article  under  t

. Introduction

Gallbladder torsion is a relatively rare disease, with only 500
ases published since Wendel first reported the condition in 1898
1,2]. Gallbladder torsion is often associated with a floating gall-
ladder, which occurs when adhesion between the gallbladder
nd liver is lost. Gallbladder mobility is classified as either type

 or type II according to the Gross classification [3]. This condi-
ion occurs more frequently in elderly women [3]. Preoperative

iagnosis of gallbladder torsion is difficult because the findings
f physical examination and radiological images mimic  those of
cute cholecystitis. Furthermore, laboratory data often indicate
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acute inflammation, based on increases in white blood cell (WBC)
count and C-reactive protein (CRP) levels, without abnormal liver
function or alterations in biliary enzyme levels [4–6].

Radiological findings play an important role in achieving a pre-
cise diagnosis, with distortion of the gallbladder fundus toward
the abdominal center, a V-shaped extrahepatic duct, and torsion of
the cystic duct being the well-known magnetic resonance cholan-
giopancreatography (MRCP) findings [7,8]. Because we  made a
preoperative diagnosis, laparoscopic rather than open cholecystec-
tomy was performed as an appropriately treatment.

We report this case with a review of the literature. This work
has been reported in line with the SCARE criteria [9].
2. Presentation of case

An 84-year-old woman  was  admitted to the Department of
Surgery of Onomichi General Hospital for complaints of progres-
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Fig 1. Findings of abdominal ultrasonography (US).
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Fig. 2. Findings of abdominal contrast enhanced computed tomography (CT).
(a)  CT image showing a swollen gallbladder and poorly enhanced mucous mem-
brane.
(b) The gallbladder wall is thick and the fundus gallbladder is displaced below the
midline.

Fig. 3. Findings of abdominal magnetic resonance cholangiopancreatography
(MRCP).

of 3:1 [1]. Several risk factors for gallbladder torsion, includ-
S images showing a swollen gallbladder (a) and reduced blood flow to the gall-
ladder (b).

ive pain in the right upper quadrant of the abdomen and nausea.
he had a slight fever; however, all other vital signs were within
he normal range. Physical examination showed tenderness in the
bdominal right upper quadrant as well as a positive Murphy
ign and peritoneal irritation. Her medical history included left
reast cancer. Laboratory data showed that her WBC  count and CRP

evel were elevated. Liver function and biliary enzyme levels were
ormal. Abdominal ultrasonography (US) showed a swollen gall-
ladder with scarce blood flow in the wall (Fig. 1a and b). Mild
scites was noted on the liver surface. There were no findings
uggesting the presence of stones. Abdominal contrast-enhanced
omputerized tomography (CT) showed a swollen gallbladder and
oorly enhanced mucous membranes. The gallbladder wall was
hick and the fundus was displaced toward the center of the
bdomen (Fig. 2a and b). MRCP demonstrated that the gallblad-
er was swollen and the gallbladder neck and cystic duct were
apered. The extrahepatic bile duct was distorted into a V shape
Fig. 3). A preoperative diagnosis of gallbladder torsion was  made,
hich was followed by an emergency laparoscopic cholecystec-

omy. The operative findings indicated the presence of a dark-red
wollen gallbladder that was twisted by 360◦ in a counterclock-
ise rotation, with the neck and cystic duct being rotated by

80◦ (Fig. 4a). After the rotation was corrected, the gallbladder
as only attached to the neck and cystic duct. After ligating

he cystic artery and cystic duct, the gallbladder was success-
ully removed (Fig. 4b). The operation time was 134 min  and the
otal intraoperative bleeding volume was 20 ml.  The postopera-
ive course was uneventful and the patient was discharged on

ostoperative day 7. Histopathologic findings of the gallbladder
howed acute and chronic cholecystitis with massive hemorrhage
Fig. 5).
MRCP image showing tapering of the gallbladder neck and cystic duct (arrow).
The  extrahepatic bile exhibits a V-shaped distortion (line) and the fundus of the
gallbladder is displaced toward the abdominal center.

3. Discussion

Gallbladder torsion is most commonly seen in patients between
the sixth and eighth decades of life, with a female-to-male ratio
ing kyphoscoliosis, forceful peristaltic movements, adhesions,
atherosclerosis of the cystic artery, and sigmoid volvulus, have been
previously reported [1]. A floating gallbladder, which occurs after
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Fig. 4. Intraoperative findings.
(a) Dark-red swollen gallbladder that is twisted by 360◦ in a counterclockwise rota-
tion.
(b)  Picture showing that the gallbladder was  successfully removed.
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ig. 5. Histopathologic findings.
istopathologic findings of the gallbladder showing acute and chronic cholecystitis
ith massive hemorrhage.

he detachment of the gallbladder from the liver bed, is often asso-
iated with torsion. This is why the long mesentery can be easily
urned along its axis. Gallbladder torsion is classified into type I or II

ccording to Gross classification [3]. This disease is also categorized
nto two types based on the degree of rotation: incomplete (<180◦)
nd complete (>180◦) [1]. Type I is associated with attachment that
anges from the gallbladder body to the cystic duct. This type often
PEN  ACCESS
ery Case Reports 37 (2017) 257–260 259

involves incomplete torsion of the gallbladder with maintenance of
blood flow to the gallbladder wall. Conversely, type II involves only
attachment of the cystic duct to the under surface of the liver. This
type presents with complete torsion, and the onset is sudden with
severe upper right quadrant pain and vomiting due to gangrenous
cholecystitis. Notably, our case had type I torsion but involved gall-
bladder twisting by 180◦ in a counterclockwise direction at two
separate locations, the gallbladder neck and cystic duct. Once rota-
tion became irreversible, the gallbladder underwent necrosis.

Compared with acute cholecystitis, laboratory data of gallblad-
der torsion often indicate elevated inflammatory response but with
normal liver function and biliary enzyme levels [7] because the
common bile duct is usually unobstructed [8]. Similar to previously
reported cases, our case demonstrated that only the inflammation
response, and not biliary and liver function, increased.

Enhanced CT and magnetic resonance imaging often indicate a
lack of blood flow to the gallbladder, an abnormal anatomical posi-
tion of the gallbladder, and gallbladder wall thickening [4,10,11].
Similarly, use of MRCP to observe cystic duct traction, V-shaped
distortion of the extrahepatic bile duct, as well as twisting and a
tapered interruption of the cystic duct is valuable [5,6]. The preva-
lence of gallstones in such cases is approximately 20% [6,12,13].
Similar to previous cases, our case demonstrated typical findings
of gallbladder torsion, which facilitated the precise diagnosis of the
condition.

Several reports since 2008 have demonstrated preoperative
diagnosis and treatment of gallbladder torsion, using laparoscopic
cholecystectomy, as shown in Table 1 [14–19]. The characteristics
of these seven cases were as follows: three and six cases were
type II torsion and gallbladder deviation, respectively, which are
useful radiographic findings. US and CT have often been the pri-
mary methods for diagnosing the condition. The mean age of these
seven patients with gallbladder torsion was  73 years (range; 11–86
years), with a female-to-male prevalence ratio of 5:2. An eleva-
tion in liver function and biliary enzyme levels did not appear
during the early stage of this disease. Type II cases often result
in complete torsion, which can interrupt the blood flow through
the gallbladder. Rather than appearing as a laboratory abnormality,
radiological findings provide the key for precise diagnosis. While
the case presented herein was  type I gallbladder torsion, the sud-
den onset of symptoms was caused by complete torsion, which
resulted in necrosis of the gallbladder. Preoperatively diagnosing
torsion of the gallbladder is difficult because the physical findings
are similar to those of acute cholecystitis [20]. Laparoscopic chole-
cystectomy is the appropriate treatment for this disease, because
the presence of a long mesentery and the separation of the gall-
bladder from the liver bed make the laparoscopic approach much
easier. Moreover, the laparoscopic approach is minimally invasive
and allows early postoperative recovery. Once the gallbladder is
already completely twisted, it progresses to a necrotic status more
rapidly than in the case of acute cholecystitis. Considering the
anatomical characteristics and the short interval from torsion to
necrosis, a precise preoperative diagnosis is extremely important.
Delaying diagnosis and treatment can result in bilious peritonitis,
which would increase the mortality associated with the condition
to approximately 5% [21]. In particular, because our case was at
the early stage of the torsion and laboratory data did not show any
abnormality, radiological characteristics were the only key features
to make the preoperative diagnosis. Within 2 h from admission,
laparoscopic cholecystectomy was safely performed in our patient.
The interval from admission to surgery was not described by pre-
vious reports; however, suspicion for and knowledge about this

disease make its diagnosis possible. Early diagnosis of gallbladder
torsion is crucial to avoid perforation and facilitate postoperative
recovery.
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Table 1
Review of cases of preoperatively diagnosed gallbladder torsion.

Case No. Year of
Publication

Author Patient Age Sex Gross
Classification

Gallbladder
deviation

Gallbladder
swollen

Elevated
inflammation

Abnormal liver
function and
biliary enzyme

1 2008 Kimura [13] 11 M II + + + −
2  2011 Yokoi [14] 81 F II + + − −
3  2012 Koyanagi [15] 84 F unknown + + − −
4  2014 Pu [16] 73 M II + + − −
5  2015 Dasyam [17] 87 F unknown + + unknown unknown
6  2015 Shikhare [18] 86 F unknown unknown + + −
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bbreviation: M,  Male; F, Female; +, detected; −, not detected.

. Conclusion

In conclusion, it is important to achieve a correct diagnosis of
allbladder torsion. Once an early diagnosis is made, laparoscopic
holecystectomy can be used as the gold standard treatment option.

uthor contribution

All authors in this manuscript contributed to the interpretation
f data, and drafting and writing of this manuscript. Tomoaki Bekki
s first author of this paper. Tomoyuki Abe is corresponding author
f this paper. Tomoaki Bekki, Tomoyuki Abe and Hironobu Amano
onceived and designed the study and drafted the manuscript.
omoyuki Abe first diagnosed. Tomoaki Bekki, Tomoyuki Abe,
ironobu Amano and Masahiro Nakahara were engaged in patient’s
are in our hospital including surgery.

Tsuyoshi Kobayashi contributed to study concept, and review of
he final manuscript and submission of the paper. All the authors
ead and approved the final manuscript.

unding

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

thical approval

Onomichi general hospital.
OJH-201629.

onflict of interest statement

We  declare no conflicts of interest for this article.

onsent

Written informed consent was obtained from the patient for
ublication of this case report and any accompanying images.
uarantor

Tomoyuki Abe.

[

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
+ + + −

References

[1] D.J. Reilly, G. Kalogeropoulos, D. Thiruchelvam, Torsion of the gallbladder: a
systematic review, HPB 14 (2012) 669–672.

[2] A.V. Wendel, A case of floating gall-bladder and kidney complicated by
cholelithiasis, with perforation of gall-bladder, Ann. Surg. 2 (1898) 199–202.

[3] R.E. Gross, Congenital anomalies of the gallbladder, Arch. Surg. 32 (1936)
131–162.

[4] J.C. Chung, O.P. Song, H.C. Kim, Gallbladder torsion diagnosed by MDCT and
MRCP, Abdom. Imaging 35 (2010) 462–464.

[5] A.A. Shaikh, A. Charles, S. Domingo, G. Schaub, Gallbladder volvulus: report of
two  original cases and review of the literature, Am.  Surg. 71 (2015) 87–89.

[6] A. Nakao, T. Matsuda, S. Funabiki, S. Koquchi, T. Iwado, K. Matsuda, N.
Takakura, H. Isozaki, N. Tanaka, Gallbladder torsion: case report and review of
245 cases reported in the Japanese literature, J. Hepato-Biliary-Pancreat. Surg.
6  (1999) 418–421.

[7] K. Izuishi, T. Kiuchi, H. Mori, Education and imaging. Hepatobililary and
pancreatic: gallbladder torsion diagnosed by curved multiplanar
reconstruction computed tomography, J. Gastroenterol. Hepatol. 29 (2014)
665.

[8] P.C. Garciavilla, J.F. Alvarez, G.V. Uzqueda, Diagnosis and laparoscopic
approach to gallbladder torsion and cholelithiasis, JSLS 14 (2010) 147–151.

[9] R.A. Agha, A.J. Fowler, A. Saetta, I. Barai, S. Rajmohan, D.P. Orgill, the SCARE
Group, The SCARE statement: consensus-based surgical case report
guidelines, Int. J. Surg. 34 (2016) 180–186.

10] V. Gupta, V. Singh, A. Sewkani, D. Purohit, S. Varshney, Torsion of gallbladder,
a  rare entity: a case report and review article, Case J. 2 (2009) 193.

11] S. Ijaz, K. Sritharan, N. Russell, M.  Dar, T. Bhatti, M.  Ormiston, Torsion of the
gallbladder: a case report, J. Med. Case Rep. 2 (2008) 237.

12] A.K.H. Chiow, S. Ibrahim, K.H. Tay, Torsion of the gallbladder: a rare entity,
Ann. Acad. Med. Singap. 36 (2007) 705–706.

13] A. Losken, B.W. Wilson, R. Sherman, Torsion of the gallbladder: a case report
and review of the literature, Am.  Surg. 63 (1997) 975–978.

14] T. Kimura, T. Yonekura, K. Yamauchi, T. Kosumi, T. Sasaki, M. Kamiyama,
Laparoscopic treatment of gallbladder volvulus: a pediatric case report and
literature review, J. Laparoendosc. Adv. Surg. Tech. A 18 (2008) 330–334.

15] T. Yokoi, K. Miyata, N. Yuasa, E. Takeuchi, Y. Goto, H. Miyake, Y. Kobayashi, T.
Ito, Twisted cystic artery disclosed by 3-dimensional computed tomography
angiography for torsion of the gallbladder, Am.  J. Surg. 201 (2011) 33–34.

16] T. Koyanagi, K. Sato, Complete gallbladder torsion diagnosed with sequential
computed tomography scans: a case report, J. Med. Case Rep. 6 (2012) 289.

17] T.W. Pu, C.Y. Fu, H.E. Lu, W.T. Cheng, Complete body-neck torsion of the
gallbladder: a case report, World J. Gastroenterol. 20 (2014) 14068–14072.

18] A.K. Dasyam, J. Koo, M.  Stahlfeld Miller, H.W. Sell Jr., M.E. Tublin, The cystic
duct knot sign: case report with description of a new ultrasound sign of
gallbladder torsion, Emerg. Radiol. 22 (2015) 445–447.

19] S. Shikhare, M. Clarke, T. Simpi, C.Y. Lee, Twistin’ the night away: gallbladder
torsion accompanying large bowel malignancy, Ulus Travma Acil Cerrahi
Derg. 21 (2015) 531–533.

20] E.A. Boonsta, B. van Etten, T.R. Prins, E. Sieders, B.L. van Leeuwen, Torsion of
the gallbladder, J. Gastrointest. Surg. 16 (2012) 882–884.

21] O. Campione, L. D’Alessandro, A. Grassigi, E. Pasqualini, N. Marrano, F. Lenzi,
Volvulus of the gallbladder, Minervac. Chir. 53 (1998) 285–287, Article in

Italian.

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(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0005
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0010
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0015
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0020
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0025
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0030
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0035
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0040
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0045
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0050
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0055
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0060
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0065
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0070
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0075
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0080
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0085
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0090
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0095
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0100
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://refhub.elsevier.com/S2210-2612(17)30304-8/sbref0105
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Complete torsion of gallbladder following laparoscopic cholecystectomy: A case study
	1 Introduction
	2 Presentation of case
	3 Discussion
	4 Conclusion
	Author contribution
	Funding
	Ethical approval
	Conflict of interest statement
	Consent
	Guarantor
	References


