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ABSTRACT

In laparoscopic cholecystectomy (LC), the treatment of iatrogenic biliary tract injury has been given
much attention. However, most accidental right hepatic artery (RHA) injuries are treated with simple
clipping. The reason is that the RHA has difficulty in revascularization, and it is generally considered that
RHA injury does not cause serious consequences. However, some studies suggest that some cases of RHA
ligation can cause a series of pathological changes correlated to arterial ischemia, such as liver abscess, bile
tumor, liver atrophy and anastomotic stenosis. Theoretically, RHA blood flow should be restored when
possible, in order to avoid the complications of right hepatic ischemia. The present study involved two
patients, including one male and one female patient. Both patients were admitted to the hospital with the
diagnosis of chronic cholecystitis and gallbladder stone, and developed ischemia of the right half hepatic
after accidental transection of the RHA. Both patients underwent continuous end-end anastomosis of the
RHA with 6-0 Prolene suture. After the blood vessel anastomosis, the right half liver quickly recovered
to its original bright red. No adverse complications were observed in follow-ups at three and six months
after the operation. Laparoscopic repair of the RHA is technically feasible. Reconstruction of the RHA can

prevent complications associated with right hepatic ischemia.
© 2019 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The pathological mechanism of iatrogenic bile duct injuries
in laparoscopic cholecystectomy (LC) and the prevention and
management of bile duct injuries have been extensively studied.
However, little attention has been given to vascular injury (mainly
for the right hepatic artery [RHA]) [1,2]. At present, the treatment
of RHA injuries remains controversial. The investigator consulted
relevant literatures [3,4] and found several cases of RHA injury,
which turned to open abdominal reconstruction. Merely one case
of laparoscopic repair of RHA lateral wall injury was reported. In
six months, two patients underwent laparoscopic repair of the
RHA after transection in our center, and achieved good results. The
details are reported as follows.

* Corresponding author at:
E-mail address: chenxuemin_1988@163.com (C. Xue-Min).
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2. Case history
2.1. General information

The present study involved two patients, including one male and
one female patient. The female patient was 48 years old, while the
male patient was 56 years old. Both patients were admitted to the
hospital due to “repeated right upper quadrant pain”. Combined
with preoperative ultrasonography, it was diagnosed as chronic
cholecystitis with gallbladder stone. No computed tomography
(CT) or magnetic resonance cholangiopancreatography (MRCP)
were performed. No preoperative contraindications were revealed
in routine preoperative examinations. LC was performed for both
patients.

2.2. Surgical procedures and process

Patients received general anesthesia and endotracheal intuba-
tion, drugs were routinely sent into the abdomen from the ports at
the right upper abdomen using the three-port technique. Inspec-
tion of the abdominal cavity was performed before LC. In the female
patient, the anatomy in the conjunction between the cystic duct and
common bile duct was unclear, the excessively tractioned common
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Fig. 2. The RHA anastomosis is completed.

hepatic duct with small diameter was transected by error due to
mistaking it for cystic duct, and the RHA in a deep position was tran-
sected due to mistaking it as the cystic artery. In the male patient,
the RHA parallel above the cystic duct was mistaken as the gall-
bladder artery due to absence of careful dissection. Hence, the RHA
was transected and caused injury. Both patients were aware of the
RHA injury only when there was still high pressure in the distal
part of the RHA and an ischemic line appeared in the right half of
the liver. After consulting more experienced doctors on the oper-
ating table, the surgeon decided to perform laparoscopic repair of
RHA: one 5-mm Trocar port was additionally made at the right
upper quadrant and left upper quadrant, respectively, the distal and
proximal ends of the cut RHA were separated for at least 1 cm, the
proximal Hem-o-lock clip was removed, vascular ends were tem-
porarily blocked with titanium clips or the endoscopic pug dogs,
and the stumps were trimmed properly with scissors to determine
whether the vascular cut ends could receive the tension-free anas-
tomosis. Then, continuous end-end anastomosis of the RHA was
performed with 6-0 Prolene suture (Figs. 1 and 2). After opening
the RHA, the right half liver quickly recovered to its original bright
red. The female patient suffered from common hepatic duct injury,
and was treated with end-end anastomosis of stumps of the com-
mon hepatic duct after trimming and placement of the “T” tube in
the common bile duct.

2.3. Results

The time for RHA end-end anastomosis in the male patient was
30 min, the time for RHA end-end anastomosis in the female patient
was 35 min, the time for common hepatic duct anastomosis and T
tube placement in the common bile duct was 25 min. After open-
ing of the RHA, the right half liver quickly recovered to its normal
color and luster. After the operation, in both patients, the level of
transaminase slightly increased, but did not exceed three times the
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normal value, while the levels of total bilirubin and direct bilirubin
did not increase. Patients received liver-protecting symptomatic
treatment for 3-5 days. Their liver functions basically returned to
normal, and the patients were discharged from hospital on post-
operative days five and six, respectively. At follow-up one month
after the operation, no special discomfort was found in these two
patients, ultrasonography revealed smooth portal RHA blood flow
(Fig.3),andrevealed no liver abscess, no liver atrophy and no abnor-
mal change in intrahepatic bile duct diameter. The female patient
was followed-up at three months and six months after the oper-
ation. No abnormalities were found by routine blood test, liver
function test, B ultrasound and T tube angiography, and the T-tube
was removed at six months after the operation. The patient was
instructed to be followed-up in the Outpatient Department after
half a year. The male patient was followed-up at three months after
the operation and no abnormalities were found. The patient was
instructed to be followed-up in the Outpatient Department half a
year after the operation.

3. Discussion

Combined hepatic artery injury is a special type of iatrogenic bil-
iary tract injury in LC. This injury mostly manifests as RHA injury.
Literatures have reported that [5,6] hepatic artery injury accounts
for 6.7-61% of the total biliary tract injuries. The reason for this
statistical difference may be the difference in diagnostic methods
or the missing of some cases of hepatic artery injury. The causes
of RHA injury mainly include anatomic abnormalities, pathological
changes, and artificial and technological factors [7-9]. If surgeons
are unfamiliar with or do not pay attention to variations of the RHA,
in the case of acute and chronic cholecystitis with unclear anatomy
of the Calot triangle, RHA may be accidentally injured or the RHA
may be mistaken for the cystic artery and be actively cut off. In the
present study, both the mechanisms of injury in these two patients
were transection of the RHA trunk due to mistaking this as the cys-
tic artery. Its characteristic feature is the relative thickness in the
so-called cystic artery, which has been cut off. This leads to high
pressure of arterial outflow after distal electrocoagulation discon-
nection, the right half liver presents with an obvious ischemia line
in a short time, and further tracing reveals that the vascular distal
end enters the right liver. Although in recent years, digital 3D imag-
ing techniques have been helpful in the preoperative judgment of
abnormal RHA distributions and avoidance of intraoperative acci-
dental injury caused by anatomical variations, it remains unrealistic
for LC patients to receive complex imaging examinations. Familiar-
ity with anatomy, improvement of technology and vigilance may
be the keys to avoid accidental injury to the RHA [10-12], espe-
cially when it is found that the so-called “cystic artery” in the Calot
triangle is relatively larger. If the diameter is more than 2-3 mm,
the operator should be aware of the possibility of RHA.

For the treatment of RHA injury during LC, there are many
uncertainties and controversies in present researches [13]. Some
studies suggest that RHA ligation may cause a series of pathological
changes related to arterial ischemia, such as liver abscess, bile
tumor, liver atrophy and anastomotic stenosis. For example, Li
reported that [14] in 10 patients with biliary tract injury and
arterial injury, three patients presented with liver atrophy, liver
abscess and other manifestations. These changes may also be
evidenced by complications induced by interventional therapy for
liver cancer or vascular injury in hilarcholangiocarcinoma [15,16].
Some experts consider that the liver has double blood supply. After
injury of a single RHA, the right half liver can receive collateral
circulation from the uninjured left hepatic artery to restore blood
supply through the portal area and perihepatic ligament. Therefore,
complex RHA repair is not necessary. Yi Yu reported that [10] three
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Fig. 3. The white arrow indicates smooth blood flow at the right portal RHA.

patients with RHA injury who underwent LC were followed up for
one year, and no abnormalities were found. The review of Strasberg
SM also suggested that [8] only 10% of patients with RHA injury
would develop right hepatic infarction, and it was considered that
it was difficult to repair RHA, and that the effect was not significant.
The author considered that the occurrence of serious complications
after RHA injury may be correlated to the site of vascular injury
and the presence of biliary tract injury. For example, vascular
injury of the confluence site complicated with transection of the
bile duct at a high position will destroy the blood supply from left
to right, and the vascular plexus on the surface of the biliary tract
may accordingly lead to right hepatic ischemia and necrosis, or the
failure of biliary tract repair. In the present study, an obvious right
hepatic ischemia line appeared in both patients after RHA injury.
One patient was complicated with transection of the common hep-
atic duct. In this case, the blood flow of RHA should be restored as
much as possible. Theoretically, this can avoid possible long-term
complications, such as right hepatic ischemia and biliary stenosis.

National and international literatures have revealed that
[4,10,17,18] limited by equipment and technical experience, most
patients with RHA injury during LC cannot undergo arterial recon-
struction, very few patients completed the reconstruction after
turning to open surgery, and only one patient with RHA lateral wall
injury underwent reconstruction under a endoscope. The author
considers that the magnification of endoscopy can display the RHA
and help judge the inflammation of local tissues more clearly, when
compared to open surgery. If a patient has the conditions for RHA
end-end anastomosis, RHA reconstruction can be completed under
a laparoscope. Indeed, this requires a skilled vascular stitching
technique and teamwork. In the present study, two patients under-
went continuous end-end anastomosis of the RHA with 6-0 Prolene
suture, the time for separation of the surrounding blood vessels and
anastomosis was approximately 30 min. After opening of the RHA,
the right half liver quickly recovered to its original bright red, and
the effect was rapid and significant. The female patient suffered
from common hepatic duct injury, and was treated with suture of
stump of common hepatic duct after trimming and placement of
the T tube in the common bile duct. The T tube was removed six

months after the operation, and no adverse complications occurred
at present. The male patient had been followed up for three months
and no abnormalities were found.

The investigators succeeded in the anastomoses of the RHA
under an endoscope. This suggests that the laparoscopic repair of
RHA is completely feasible. Indeed, the number of cases in the
present study was small and the follow-up duration was short.
Hence, meaningful long-term conclusions could not be drawn.

Abbreviations

LC laparoscopic cholecystectomy

RHA right hepatic artery

CT computed tomography

MRCP  magnetic resonance cholangiopancreatography

Authors’ contributions

Bao-Qiang Wu been involved in drafting the work and revising
it critically for important intellectual content; Jun Hu made sub-
stantial contributions to the conception and design of the work;
Wen-Song Liu, Yong Jiang and Dong-Lin Sun made substantial con-
tributions to the acquisition, analysis, and interpretation of data for
the work; Xue-Min Chen given final approval of the version to be
published.

Informed consent

Informed patient consent was obtained for publication of the
case details.

Funding
No financial support.
Conflicts of interest

None of the authors have any financial disclosure or conflict of
interest.



W. Bao-Qiangetal.

References

[1] Stewart L. latrogenic biliary injuries: identification, classification, and manage-
ment. Surg Clin North Am 2014;94:297-310.

[2] Martinez-Lopez S, Upasani V, Pandanaboyana S, Attia M, Toogood G, Lodge
P, et al. Delayed referral to specialist centre increases morbidity in patients
with bile duct injury (BDI) after laparoscopic cholecystectomy (LC). Int ] Surg
2017;44:82-6.

[3] Pulitano C, Parks RW, Ireland H, Wigmore SJ, Garden OJ. Impact of concomi-
tant arterial injury on the outcome of laparoscopic bile duct injury. Am | Surg
2011;201:238-44.

[4] Fujioka S, Fuke A, Funamizu N, Nakayoshi T, Okamoto T, Yanaga K. Laparoscopic
repair for intraoperative injury of the right hepatic artery during cholecystec-
tomy. Asian J Endosc Surg 2015;8:75-7.

[5] Sarno G, Al-Sarira AA, Ghaneh P, Fenwick SW, Malik HZ, Poston GJ.
Cholecystectomy-related bile duct and vasculobiliary injuries. Br | Surg
2012;99:1129-36.

[6] Alves A, Farges O, Nicolet ], Watrin T, Sauvanet A, Belghiti J. Incidence and
consequence of an hepatic artery injury in patients with postcholecystectomy
bile duct strictures. Ann Surg 2003;238:93-6.

[7] ChaibE, Kanas AF, Galvao FH, D’Albuquerque LA. Bile duct confluence: anatomic
variations and its classification. Surg Radiol Anat 2014;36:105-9.

[8] Strasberg SM, Helton WS. An analytical review of vasculobiliary injury in
laparoscopic and open cholecystectomy. HPB (Oxford) 2011;13:1-14.

[9] Martino V, Ferrarese A, Bindi M, Marola S, Gentile V, Rivelli M, et al. Abnormal
right hepatic artery injury resulting in right hepatic atrophy: diagnosed by
laparoscopic cholecystectomy. Open Med (Wars) 2015;10:535-7.

Annals of Hepatology 21 (2021) 100161

[10] Yu Y, Xie AW, Cao WS, Fan QQ, Wang P. Experience on prevention of right
hepaticartery injury during laparoscopic cholecystectomy. ] Hepatopancreatob
Surg 2017;29:330-1 [Article in Chinese].

[11] Almutairi AF, Hussain YA. Triangle of safety technique: a new approach to
laparoscopic cholecystectomy. HPB Surg 2009;2009:476159.

[12] Zefelippo A, Fornoni G. Right hepatic artery ‘caterpillar hump’ and dual cystic
arteries: relevance of critical view of safety in a ‘straightforward’ cholecystec-
tomy. BM] Case Rep 2017;11, pii:bcr-2017-221534.

[13] Gupta N, Solomon H, Fairchild R, Kaminski DL. Management and outcome
of patients with combined bile duct and hepatic artery injuries. Arch Surg
1998;133:176-81.

[14] Li]J, Frilling A, Nadalin S, Paul A, Malago M, Broelsch CE. Management of con-
comitant hepatic artery injury in patients with iatrogenic major bile duct injury
after laparoscopic cholecystectomy. Br ] Surg 2008;95:460-5.

[15] Guan XQ, Zheng XX, Wu ], Yuan M, Zhang XX, Jiang XL, et al. Hepatic artery
resection and reconstruction in hilar cholangiocarcinoma, report of 23 cases.
Chin ] Gen Surg 2014;29:491-4 [Article in Chinese].

[16] Zeng ZL, Liu XL, Huang WS, Cai MY, Wang HF, Li MA, et al. Clinical features and
risk factors of biloma formation after transcatheter arterial chemoemboliza-
tion. Natl Med ] China 2015;95:1002-5 [Article in Chinese].

[17] Liu ZL, Zhu JF, He W. Experience on right hepatic artery injury during
laparoscopic cholecystectomy processing in 5 cases. ] Hepatopancreatob Surg
2015;27:60-2 [Article in Chinese].

[18] Bachellier P, Nakano H, Weber ]JC, Lemarque P, Oussoultzoglou E, Candau C,
et al. Surgical repair after bile duct and vascular injuries during laparoscopic
cholecystectomy: when and how? World ] Surg 2001;25:1335-45.


http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0095
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0100
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0105
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0110
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0115
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0120
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0125
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0130
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0135
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0140
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0145
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0150
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0155
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0160
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0165
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0170
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0175
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180
http://refhub.elsevier.com/S1665-2681(19)32275-6/sbref0180

	Laparoscopic repair of transected right hepatic artery during cholecystectomy: A report of two cases
	1 Introduction
	2 Case history
	2.1 General information
	2.2 Surgical procedures and process
	2.3 Results

	3 Discussion
	Authors’ contributions
	Informed consent
	Funding
	Conflicts of interest

	References

