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Current Status of Laparoscopic Hepatectomy
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Before the first laparoscopic hepatectomy (LH) was described in 1991, open hepatectomy (OH) was the

only choice for surgical treatment of liver tumors. LH indications were initially based solely on tumor

location, size, and type. Use of LH has spread rapidly worldwide because it reduces incision size. This

review systematically assesses the current status of LH. As compared with OH, LH is significantly less

complicated, requires shorter hospital stays, and results in less blood loss. The long-term survival rates

of LH and OH are comparable. Development of new techniques and instruments will improve the con-

version rate and reduce complications. Furthermore, development of surgical navigation will improve

LH safety and efficacy. Laparoscopic major hepatectomy for HCC remains a challenging procedure and

should only be performed by experienced surgeons. In the near future, a training system for young sur-

geons will become mandatory for standardization of LH, and LH will likely become better standardized

and have broader applications. (J Nippon Med Sch 2019; 86: 201―206)
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Introduction

Before the first laparoscopic hepatectomy (LH) was de-

scribed in 19911, open hepatectomy (OH) was the only

choice for surgical treatment of liver tumors, such as he-

patocellular carcinoma (HCC) and metastatic liver tu-

mors. The liver is a highly vascular solid organ, so liver

resection is associated with high morbidity, especially in

patients with liver cirrhosis. LH indications were initially

based solely on tumor location, size, and type but have

recently expanded2. Because it reduces incision size, LH

has spread rapidly worldwide. This review systemati-

cally assesses the current status of LH.

Indications and History of Guidelines

In 1991, Reich et al. performed the first LH for benign tu-

mors1. In Japan, LH was initially used for treatment of

HCC by Hashizume et al.3 in 1995 and Kaneko et al.4 in

1996. Since then, LH cases have occasionally been re-

ported. The indications for LH have expanded and are

now very similar to those for OH. However, LH remains

contraindicated for some conditions. In Japan, partial re-

section and left lateral sectionectomy have been covered

by the national health insurance system since April 2010,

and the numbers of cases and centers performing LH

have increased rapidly. LH is more technically challeng-

ing than OH because surgeons must master the skills re-

quired for both laparoscopic surgery and OH. The Japa-

nese Endoscopic Liver Surgery Study Group has evalu-

ated the state of LH in Japan every year since 20075.

LH has been performed for HCC6―8, metastatic liver tu-

mors9,10, hepatic cysts11,12, and benign tumors1,13. Only a

few reports have described LH for intrahepatic cholan-

giocarcinoma14―16, so evaluation of its safety and utility is

challenging.

Cherqui et al.17 reported the first laparoscopic left lat-

eral sectionectomy in living donors, in 2002. Recently, to-

tally laparoscopic associating liver partition with portal

vein ligation for staged hepatectomy (ALPPS) was re-

ported9,18,19.

In 2008, the first International Consensus Conference

on LH, in Louisville, Kentucky, United States20, concluded

that laparoscopic left lateral sectionectomy should be
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considered standard practice. Acceptable indications for

LH were solitary lesions (�5 cm) located in liver seg-

ments 2 through 6.

In 2014, the second International Consensus Confer-

ence on LH, in Morioka, Japan21―23, stated that preopera-

tive estimation of LH difficulty based on surgeon experi-

ence and skill level was useful when selecting patients,

and a system for rating difficulty, the IWATE criteria,

was established.

In 2016, the first Asia-Pacific consensus meeting on

HCC was held in conjunction with the Seventh Asia-

Pacific Primary Liver Cancer Expert Meeting in Hong

Kong, to define the role of LH in HCC management and

develop recommendations and guidelines. The inherent

advantage of LH is the potential for less blood loss if the

procedure is performed by experienced staff. Laparo-

scopic major hepatectomy for HCC remains a challenging

technique and should only be performed by experienced

surgeons24.

In 2017, the First European Guidelines Meeting on La-

paroscopic Liver Surgery was held in Southampton, to

present and validate clinical practice guidelines for LH.

The five sections of the guidelines (indications, patients

and complex disease, procedures, technique, and imple-

mentation) were divided into subcategories25. These

guidelines describe appropriate training for surgeons per-

forming LH, which should only be performed by experi-

enced staff.

Systems for Scoring Difficulty

Preoperative evaluation of LH difficulty is useful for se-

lecting patients in relation to surgeon experience and

skill level. The first difficulty scoring system for LH26 in-

cluded three difficulty levels based on five preoperative

factors: tumor location, extent of hepatic resection, tumor

size, tumor proximity to major vessels, and liver func-

tion. Using this system, surgeons could predict the diffi-

culty of LH and intra- and postoperative outcomes. The

system was validated by the Japanese Endoscopic Liver

Surgery Study Group. Clinical and surgical data from

2199 patients who had undergone LH for hepatic tumors

in Japan were analyzed, and the three difficulty levels

were significantly associated with LH surgical out-

comes27. However, the original system did not include

segment 1 as a category for tumor location, conflated

segments 4a and 4b, and did not include a category for

hand-assisted laparoscopic surgery ( HALS ) and

laparoscopic-assisted hepatectomy, known as hybrid he-

patectomy.

In 2014, the original difficulty scoring system was re-

vised, and the IWATE criteria were established at the

Second International Consensus Conference on Laparo-

scopic Liver Resection, in Morioka, Japan21,22. Tumor loca-

tion, tumor size, liver function, extent of liver resection,

proximity to major vessels, and hybrid hepatectomy/

HALS were combined in a single score in the IWATE cri-

teria, which yielded four difficulty levels: low, intermedi-

ate, advanced, and expert. The IWATE criteria were vali-

dated by using clinical and surgical data from 1867 pa-

tients who had undergone LH for hepatic tumors in Ja-

pan28. The IWATE criteria do not consider body mass in-

dex, repeat hepatectomy, or neoadjuvant chemotherapy.

The Institut Mutualiste Montsouris (IMM) group re-

cently developed a new scoring system for LH difficulty

(the IMM classification). The IWATE criteria include a

category for Child-Pugh grade, but the IMM classifica-

tion does not. In the IMM classification, LH procedures

are divided into three groups according to scores based

on operative time, blood loss, and conversion rate29. In

the IMM classification system, Grade 1 (0 points, low

level) includes wedge resection and left lateral sectionec-

tomy. Grade 2 (2 points, intermediate level) includes an-

terolateral segmentectomy and left hepatectomy (the an-

terolateral segments are defined as Couinaud’s segments

2, 3, 4b, 5, and 6). Grade 3 (3 points, high level) includes

posterosuperior segmentectomy, right posterior sectionec-

tomy, right hepatectomy, central hepatectomy, and ex-

tended left/right hepatectomy (the posterosuperior seg-

ments are defined as segments 1, 4a, 7, and 8). Major

complications increase significantly from Grade 1 (1.1%)

to Grade 2 (4.0%) and Grade 3 (20.4%).

Laparoscopic Liver Resection Procedures

Preoperative examination of liver function is important

in hepatic surgery, especially for elderly patients with

HCC30―32. Use of three-dimensional reconstruction for pre-

operative simulation of intrahepatic vessels is necessary

for safe LH33,34. Laparoscopic ultrasound should be per-

formed before liver transection and reveals tumor loca-

tion, vascular anatomy, and the adequate incision line.

Various instruments are used in LH.

The patient is usually placed in supine position, but

other positions can be used when required by tumor lo-

cation or surgical procedure. After an umbilical incision,

a trocar for the laparoscope is inserted. Most procedures

require four trocars: at the bilateral abdomen, epigas-

trium, and right hypochondrium35. When resecting the

superior region of the liver, intercostal or transthoracic
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trocars are occasionally inserted36. Single-site port LH has

recently been introduced37―39, and current evidence indi-

cates that the multi-port and single-port methods have

comparable effectiveness and safety for treatment of liver

disease37.

In difficult cases, HALS or hybrid hepatectomy is per-

formed40―44. An international multicenter study reported

that operation times and hospital stays were shorter for

patients who underwent HALS or hybrid hepatectomy

than for those who underwent pure LH45.

The Pringle maneuver is the traditional method of con-

trolling intraoperative bleeding in hepatectomy. To avoid

ischemia-reperfusion injury and hemodynamic change,

occasionally selective inflow occlusion is performed dur-

ing anatomical major liver resections46. In LH, hepatic in-

flow control is not a routine procedure, but preparation

for the Pringle maneuver is necessary for safe LH. A low

central venous pressure (<5 cm H2O) reduces intraopera-

tive blood loss during liver resection47. Reducing airway

pressure is also effective in reducing intraoperative blood

loss48. In right posterior sectionectomy, the semiprone po-

sition lifts the right hepatic vein anterior to the vena cava

and reduces bleeding49. In LH, pneumoperitoneum re-

duces bleeding from exposed vessels at the transected

surface of the liver. Previously, pneumoperitoneum pres-

sure in LH was kept high (12 to 18 mm Hg) to reduce

back-bleeding. CO2 is soluble in human plasma50, but the

incidence of gas embolism in major LH is 0.2%51. To re-

duce this risk, pneumoperitoneal pressure should be set

to the minimum required to maintain a clear operative

field (8 to 10 mm Hg) during LH.

Refinement of surgical instruments, operative tech-

niques, and perioperative management has reduced the

mortality rate for LH52―58. Stapleless LH was recently in-

troduced59, and robotic liver resection enables more pre-

cise operations60.

Outcomes of LH and OH

Macacari et al.61 reported a comparative analysis of LH

and OH for left lateral sectionectomy. Laparoscopic left

lateral sectionectomy resulted in less blood loss, lower

transfusion rates, and shorter hospitalization than did

open left lateral sectionectomy. Operative time and bili-

ary, cardiac, and pulmonary complication rates did not

significantly differ between the groups. Using propensity

score matching in a multicenter study, Takahara et al.7

compared outcomes of LH (n=446) and OH (n=2,969) for

treatment of HCC. LH resulted in less bleeding, fewer

complications, and shorter hospital stays, but survival

rates did not significantly differ. Yin et al.62 reported a

comparative analysis of LH and OH for posterosuperior

segmentectomy. LH resulted in significantly fewer overall

complications than did OH, and hospital stays were

shorter after LH. Mortality, transfusion, R0 resection,

tumor-free margins, and operative time were comparable,

as were long-term survival rates. Morise et al.63 con-

ducted a meta-analysis of the outcomes of LH and OH

for HCC, and LH yielded better short-term outcomes.

Recently, several randomized clinical trials were per-

formed64―67. In the Oslo-Comet Study (LH vs. OH for col-

orectal liver metastases), LH resulted in significantly

fewer postoperative complications than did OH64,65. In the

ORANGE II-trial Study (LH vs. OH for left lateral sec-

tionectomy), the trial was stopped on the advice of an in-

dependent Data and Safety Monitoring Board in the

Netherlands and thus could not reach a conclusion66,67.

Few studies have investigated intrahepatic cholangio-

carcinoma14―16, so the results are difficult to evaluate.

However, some advantages of LH have been reported for

intrahepatic cholangiocarcinoma, namely shorter hospital

stays, less intraoperative blood loss, and fewer postop-

erative complications. For cholangiocarcinoma, the status

of the resected margins is the most important factor for

postoperative survival68. The 3- and 5- year survival rates

for LH were similar to those for OH16.

Conclusion

As compared with OH, LH resulted in significantly fewer

complications, shorter hospital stays, and less blood loss

when the procedure was performed by experienced prac-

titioners. The long-term survival rates for LH and OH

are comparable. Refinement of techniques and instru-

ments will improve the conversion rate and reduce com-

plications. Furthermore, development of surgical naviga-

tion will improve LH safety and efficacy. Laparoscopic

major hepatectomy for HCC remains challenging and

should only be performed by experienced staff. To stan-

dardize LH, a system for training young surgeons should

be made mandatory in the near future. LH will likely be-

come a more standardized procedure with broader appli-

cations.

Conflict of Interest: H.Y. receives research support from

Johnson & Johnson, Medtronic, and Kaken Pharmaceutical

Co., Ltd. Y.N. has a patent from Hogy Medical Co. Ltd.

References
1．Reich H, McGlynn F, DeCaprio J, Budin R: Laparoscopic



H. Yoshida, et al

204 J Nippon Med Sch 2019; 86 (4)

excision of benign liver lesions. Obstet Gynecol 1991; 78:

956―958.

2．Kaneko H, Otsuka Y, Kubota Y, Wakabayashi G: Evolu-

tion and revolution of laparoscopic liver resection in Ja-

pan. Ann Gastroenterol Surg 2017; 1: 33―43.

3．Hashizume M, Takenaka K, Yanaga K, Ohta M, Kajiyama

K, Shirabe K, Itasaka H, Nishizaki T, Sugimachi K: La-

paroscopic hepatic resection for hepatocellular carcinoma.

Surg Endosc 1995; 9: 1289―1291.

4．Kaneko H, Takagi S, Shiba T: Laparoscopic partial he-

patectomy and left lateral segmentectomy: technique and

results of a clinical series. Surgery 1996; 120: 468―475.

5．Tsuchiya M, Otsuka Y, Tamura A, Nitta H, Sasaki A,

Wakabayashi G, Kaneko H: Status of endoscopic liver

surgery in Japan: a questionnaire survey conducted by

the Japanese Endoscopic Liver Surgery Study Group. J

Hepatobiliary Pancreat Surg 2009; 16: 405―409.

6．Krenzien F, Wabitsch S, Haber P, Kamali C, Brunnbauer P,

Benzing C, Atanasov G, Wakabayashi G, Öllinger R, Prat-

schke J, Schmelzle M: Validity of the Iwate criteria for pa-

tients with hepatocellular carcinoma undergoing mini-

mally invasive liver resection. J Hepatobiliary Pancreat

Sci 2018; 25: 403―411.

7．Takahara T, Wakabayashi G, Beppu T, Aihara A, Hase-

gawa K, Gotohda N, Hatano E, Tanahashi Y, Mizuguchi

T, Kamiyama T, Ikeda T, Tanaka S, Taniai N, Baba H,

Tanabe M, Kokudo N, Konishi M, Uemoto S, Sugioka A,

Hirata K, Taketomi A, Maehara Y, Kubo S, Uchida E,

Miyata H, Nakamura M, Kaneko H, Yamaue H, Miyazaki

M, Takada T: Long-term and perioperative outcomes of

laparoscopic versus open liver resection for hepatocellular

carcinoma with propensity score matching: a multi-

institutional Japanese study. J Hepatobiliary Pancreat Sci

2015; 22: 721―727.

8．Mamada Y, Yoshida H, Taniai N, Mizuguchi Y, Kakinuma

D, Ishikawa Y, Yokomuro S, Arima Y, Akimaru K, Tajiri T:

Usefulness of laparoscopic hepatectomy. J Nippon Med

Sch 2007; 74: 158―162.

9．Truant S, El Amrani M, Baillet C, Ploquin A, Lecolle K,

Ernst O, Hebbar M, Huglo D, Pruvot FR: Laparoscopic

Partial ALPPS: Much Better Than ALPPS! Ann Hepatol

2018; 18: 269―273.

10．Beppu T, Wakabayashi G, Hasegawa K, Gotohda N,

Mizuguchi T, Takahashi Y, Hirokawa F, Taniai N, Wata

nabe M, Katou M, Nagano H, Honda G, Baba H, Kokudo

N, Konishi M, Hirata K, Yamamoto M, Uchiyama K,

Uchida E, Kusachi S, Kubota K, Mori M, Takahashi K,

Kikuchi K, Miyata H, Takahara T, Nakamura M, Kaneko

H, Yamaue H, Miyazaki M, Takada T: Long-term and pe-

rioperative outcomes of laparoscopic versus open liver re-

section for colorectal liver metastases with propensity

score matching: a multi-institutional Japanese study. J He-

patobiliary Pancreat Sci 2015; 22: 711―720.

11．Vardakostas D, Damaskos C, Garmpis N, Antoniou EA,

Kontzoglou K, Kouraklis G, Dimitroulis D: Minimally in-

vasive management of hepatic cysts: indications and com-

plications. Eur Rev Med Pharmacol Sci 2018; 22: 1387―
1396.

12．Tan YM, Chung A, Mack P, Chow P, Khin LW, Ooi LL:

Role of fenestration and resection for symptomatic soli-

tary liver cysts. ANZ J Surg 2005; 75: 577―580.

13．Mamada Y, Onda M, Tajiri T, Akimaru K, Yoshida H,

Taniai N, Mineta S, Hirakata A, Hirose Y: Liver cell ade-

noma in a 26-year-old man. J Nippon Med Sch 2001; 68:

516―519.

14．Lee W, Park JH, Kim JY, Kwag SJ, Park T, Jeong SH, Ju

YT, Jung EJ, Lee YJ, Hong SC, Choi SK, Jeong CY: Com-

parison of perioperative and oncologic outcomes between

open and laparoscopic liver resection for intrahepatic cho-

langiocarcinoma. Surg Endosc 2016; 30: 4835―4840.

15．Ratti F, Cipriani F, Ariotti R, Gagliano A, Paganelli M,

Catena M, Aldrighetti L: Safety and feasibility of laparo-

scopic liver resection with associated lymphadenectomy

for intrahepatic cholangiocarcinoma: a propensity score-

based case-matched analysis from a single institution.

Surg Endosc 2016; 30: 1999―2010.

16．Uy BJ, Han HS, Yoon YS, Cho JY: Laparoscopic liver re-

section for intrahepatic cholangiocarcinoma. J Laparoen-

dosc Adv Surg Tech A 2015; 25: 272―277.

17．Cherqui D, Soubrane O, Husson E, Barshasz E, Vignaux

O, Ghimouz M, Branchereau S, Chardot C, Gauthier F,

Fagniez PL, Houssin D: Laparoscopic living donor he-

patectomy for liver transplantation in children. Lancet

2002; 359: 392―396.

18．Xiao L, Li JW, Zheng SG: Totally laparoscopic ALPPS in

the treatment of cirrhotic hepatocellular carcinoma. Surg

Endosc 2015; 29: 2800―2801.

19．Zhang Y, Yang H, Chen Y, Zhu S, Lu T, Jun X: Totally La-

paroscopic Associating Liver Tourniquet and Portal Liga-

tion for Staged Hepatectomy via Anterior Approach for

Cirrhotic Hepatocellular Carcinoma. J Am Coll Surg 2015;

221: e43―48.

20．Buell JF, Cherqui D, Geller DA, O’Rourke N, Iannitti D,

Dagher I, Koffron AJ, Thomas M, Gayet B, Han HS, Waka

bayashi G, Belli G, Kaneko H, Ker CG, Scatton O,

Laurent A, Abdalla EK, Chaudhury P, Dutson E, Gamblin

C, D’Angelica M, Nagorney D, Testa G, Labow D, Manas

D, Poon RT, Nelson H, Martin R, Clary B, Pinson WC,

Martinie J, Vauthey JN, Goldstein R, Roayaie S, Barlet D,

Espat J, Abecassis M, Rees M, Fong Y, McMasters KM,

Broelsch C, Busuttil R, Belghiti J, Strasberg S, Chari RS,

Surgery WCCoL: The international position on laparo-

scopic liver surgery: The Louisville Statement, 2008. Ann

Surg 2009; 250: 825―830.

21．Wakabayashi G, Cherqui D, Geller DA: Recommendations

for laparoscopic liver resection: a report from the second

international consensus conference held in Morioka. Ann

Surg 2015; 261: 619―629.

22．Wakabayashi G: Systematic reviews from the 2nd Interna-

tional Consensus Conference on Laparoscopic Liver Re-

section. J Hepatobiliary Pancreat Sci 2015; 22: 325―326.

23．Cho JY, Han HS, Wakabayashi G, Soubrane O, Geller D,

O’Rourke N, Buell J, Cherqui D: Practical guidelines for

performing laparoscopic liver resection based on the sec-

ond international laparoscopic liver consensus conference.

Surg Oncol 2018; 27: A5―A9.

24．Cheung TT, Han HS, She WH, Chen KH, Chow PKH,

Yoong BK, Lee KF, Kubo S, Tang CN, Wakabayashi G:

The Asia Pacific Consensus Statement on Laparoscopic

Liver Resection for Hepatocellular Carcinoma: A Report

from the 7th Asia-Pacific Primary Liver Cancer Expert

Meeting Held in Hong Kong. Liver Cancer 2018; 7: 28―39.

25．Abu Hilal M, Aldrighetti L, Dagher I, Edwin B, Troisi RI,

Alikhanov R, Aroori S, Belli G, Besselink M, Briceno J,

Gayet B, D’Hondt M, Lesurtel M, Menon K, Lodge P, Ro-

tellar F, Santoyo J, Scatton O, Soubrane O, Sutcliffe R, Van

Dam R, White S, Halls MC, Cipriani F, Van der Poel M,

Ciria R, Barkhatov L, Gomez-Luque Y, Ocana-Garcia S,

Cook A, Buell J, Clavien PA, Dervenis C, Fusai G, Geller

D, Lang H, Primrose J, Taylor M, Van Gulik T, Waka

bayashi G, Asbun H, Cherqui D: The Southampton Con-

sensus Guidelines for Laparoscopic Liver Surgery: From



Laparoscopic Hepatectomy

J Nippon Med Sch 2019; 86 (4) 205

Indication to Implementation. Ann Surg 2018; 268: 11―18.

26．Ban D, Tanabe M, Ito H, Otsuka Y, Nitta H, Abe Y, Hase-

gawa Y, Katagiri T, Takagi C, Itano O, Kaneko H, Waka

bayashi G: A novel difficulty scoring system for laparo-

scopic liver resection. J Hepatobiliary Pancreat Sci 2014;

21: 745―753.

27．Tanaka S, Kubo S, Kanazawa A, Takeda Y, Hirokawa F,

Nitta H, Nakajima T, Kaizu T, Kaneko H, Wakabayashi G:

Validation of a Difficulty Scoring System for Laparoscopic

Liver Resection: A Multicenter Analysis by the Endo-

scopic Liver Surgery Study Group in Japan. J Am Coll

Surg 2017; 225: 249―258.e241.

28．Tanaka S, Kawaguchi Y, Kubo S, Kanazawa A, Takeda Y,

Hirokawa F, Nitta H, Nakajima T, Kaizu T, Kaibori M,

Kojima T, Otsuka Y, Fuks D, Hasegawa K, Kokudo N,

Kaneko H, Gayet B, Wakabayashi G: Validation of index-

based IWATE criteria as an improved difficulty scoring

system for laparoscopic liver resection. Surgery 2018; .

29．Kawaguchi Y, Fuks D, Kokudo N, Gayet B: Difficulty of

Laparoscopic Liver Resection: Proposal for a New Classi-

fication. Ann Surg 2018; 267: 13―17.

30．Ueda J, Yoshida H, Mamada Y, Taniai N, Yoshioka M,

Hirakata A, Kawano Y, Shimizu T, Kanda T, Takata H,

Uchida E: Evaluation of the Impact of Preoperative Val-

ues of Hyaluronic Acid and Type IV Collagen on the Out-

come of Patients with Hepatocellular Carcinoma After

Hepatectomy. J Nippon Med Sch 2018; 85: 221―227.

31．Yoshida H, Makino H, Yokoyama T, Maruyama H,

Hirakata A, Ueda J, Mamada Y, Taniai N, Uchida E: Pre-

operative liver functional volumetry performed by 3D-
99mTc-GSA scintigraphy/vascular fusion imaging using

SYNAPSE VINCENT: A preliminary study. Hepatoma Re-

search 2016; 2: 6.

32．Taniai N, Yoshida H, Yoshioka M, Kawano Y, Uchida E:

Surgical outcomes and prognostic factors in elderly pa-

tients (75 years or older) with hepatocellular carcinoma

who underwent hepatectomy. J Nippon Med Sch 2013;

80: 426―432.

33．Taniai N, Machida T, Yoshida H, Yoshioka M, Kawano Y,

Shimizu T, Aoki Y: Role of the anterior fissure vein in

ventral or dorsal resection at Segment 8 of liver. Eur J

Surg Oncol 2018; 44: 664―669.

34．Shimizu T, Taniai N, Yoshioka M, Takata H, Kanda T,

Mizuguchi Y, Mamada Y, Yoshida H, Uchida E: Preopera-

tive three-dimensional virtual simulation for safe liver

surgery. J Nippon Med Sch 2014; 81: 354―355.

35．Otsuka Y, Tsuchiya M, Maeda T, Katagiri T, Isii J, Tamura

A, Yamazaki K, Kubota Y, Suzuki T, Kagami S, Kaneko

H: Laparoscopic hepatectomy for liver tumors: proposals

for standardization. J Hepatobiliary Pancreat Surg 2009;

16: 720―725.

36．Ishizawa T, Gumbs AA, Kokudo N, Gayet B: Laparo-

scopic segmentectomy of the liver: from segment I to

VIII. Ann Surg 2012; 256: 959―964.

37．Wang YB, Xia J, Zhang JY, Gong JP, Wang XM: Effective-

ness and safety of single-port versus multi-port laparo-

scopic surgery for treating liver diseases: a meta-analysis.

Surg Endosc 2017; 31: 1524―1537.

38．Gkegkes ID, Iavazzo C: Single incision laparoscopic he-

patectomy: A systematic review. J Minim Access Surg

2014; 10: 107―112.

39．Gaujoux S, Kingham TP, Jarnagin WR, D’Angelica MI, Al-

len PJ, Fong Y: Single-incision laparoscopic liver resection.

Surg Endosc 2011; 25: 1489―1494.

40．Koffron AJ, Kung RD, Auffenberg GB, Abecassis MM: La-

paroscopic liver surgery for everyone: the hybrid method.

Surgery 2007; 142: 463―468; discussion 468.e461―462.

41．Nitta H, Sasaki A, Fujita T, Itabashi H, Hoshikawa K,

Takahara T, Takahashi M, Nishizuka S, Wakabayashi G:

Laparoscopy-assisted major liver resections employing a

hanging technique: the original procedure. Ann Surg

2010; 251: 450―453.

42．Nitta H, Sasaki A, Otsuka Y, Tsuchiya M, Kaneko H,

Wakabayashi G: Impact of hybrid techniques on laparo-

scopic major hepatectomies. J Hepatobiliary Pancreat Sci

2013; 20: 111―113.

43．Eguchi S, Soyama A, Hara T, Natsuda K, Okada S,

Hamada T, Kosaka T, Ono S, Adachi T, Hidaka M, Takat-

suki M: Standardized hybrid living donor hemihepatec-

tomy in adult-to-adult living donor liver transplantation.

Liver Transpl 2018; 24: 363―368.

44．Shimizu T, Tajiri T, Yoshida H, Yokomuro S, Mamada Y,

Taniai N, Kawano Y, Takahashi T, Arima Y, Aramaki T,

Kumazaki T: Hand-assisted laparoscopic hepatectomy af-

ter partial splenic embolization. Surg Endosc 2003; 17:

1676.

45．Dagher I, Gayet B, Tzanis D, Tranchart H, Fuks D, Sou-

brane O, Han HS, Kim KH, Cherqui D, O’Rourke N,

Troisi RI, Aldrighetti L, Bjorn E, Abu Hilal M, Belli G,

Kaneko H, Jarnagin WR, Lin C, Pekolj J, Buell JF, Waka

bayashi G: International experience for laparoscopic ma-

jor liver resection. J Hepatobiliary Pancreat Sci 2014; 21:

732―736.

46．Cai XJ, Wang YF, Liang YL, Yu H, Liang X: Laparoscopic

left hemihepatectomy: a safety and feasibility study of 19

cases. Surg Endosc 2009; 23: 2556―2562.

47．Jones RM, Moulton CE, Hardy KJ: Central venous pres-

sure and its effect on blood loss during liver resection. Br

J Surg 1998; 85: 1058―1060.

48．Kobayashi S, Honda G, Kurata M, Tadano S, Sakamoto K,

Okuda Y, Abe K: An Experimental Study on the Relation-

ship Among Airway Pressure, Pneumoperitoneum Pres-

sure, and Central Venous Pressure in Pure Laparoscopic

Hepatectomy. Ann Surg 2016; 263: 1159―1163.

49．Ikeda T, Mano Y, Morita K, Hashimoto N, Kayashima H,

Masuda A, Ikegami T, Yoshizumi T, Shirabe K, Maehara

Y: Pure laparoscopic hepatectomy in semiprone position

for right hepatic major resection. J Hepatobiliary Pancreat

Sci 2013; 20: 145―150.

50．Langø T, Mørland T, Brubakk AO: Diffusion coefficients

and solubility coefficients for gases in biological fluids

and tissues: a review. Undersea Hyperb Med 1996; 23:

247―272.

51．Otsuka Y, Katagiri T, Ishii J, Maeda T, Kubota Y, Tamura

A, Tsuchiya M, Kaneko H: Gas embolism in laparoscopic

hepatectomy: what is the optimal pneumoperitoneal pres-

sure for laparoscopic major hepatectomy? J Hepatobiliary

Pancreat Sci 2013; 20: 137―140.

52．Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung C,

Wong J: Hepatectomy for hepatocellular carcinoma: to-

ward zero hospital deaths. Ann Surg 1999; 229: 322―330.

53．Lin HM, Lei LM, Zhu J, Li GL, Min J: Risk factor analysis

of perioperative mortality after ruptured bleeding in he-

patocellular carcinoma. World J Gastroenterol 2014; 20:

14921―14926.

54．Wei AC, Tung-Ping Poon R, Fan ST, Wong J: Risk factors

for perioperative morbidity and mortality after extended

hepatectomy for hepatocellular carcinoma. Br J Surg 2003;

90: 33―41.

55．Yoshida H, Mamada Y, Taniai N, Uchida E: Spontaneous

ruptured hepatocellular carcinoma. Hepatol Res 2016; 46:

13―21.



H. Yoshida, et al

206 J Nippon Med Sch 2019; 86 (4)

56．Yoshida H, Mamada Y, Taniai N, Mizuguchi Y, Kakinuma

D, Ishikawa Y, Kanda T, Matsumoto S, Bando K, Akimaru

K, Tajiri T: Long-term results of elective hepatectomy for

the treatment of ruptured hepatocellular carcinoma. J He-

patobiliary Pancreat Surg 2008; 15: 178―182.

57．Kawano Y, Taniai N, Nakamura Y, Yoshioka M, Matsu

shita A, Mizuguchi Y, Shimizu T, Takane Y, Yoshida H,

Uchida E: Endo Mini-Retract(TM) laparoscopic retractor

with a novel short-cut Nelaton catheter for dividing the

vasculature in laparoscopic liver resection. J Nippon Med

Sch 2013; 80: 446―450.

58．Kawano Y, Taniai N, Nakamura Y, Matsumoto S, Yoshi

oka M, Matsushita A, Mizuguchi Y, Shimizu T, Takata H,

Yoshida H, Uchida E: Invention of Two Instruments Fit-

ted with SECUREA™ Useful for Laparoscopic Liver Re-

section. J Nippon Med Sch 2016; 83: 107―112.

59．Lee CW, Tsai HI, Cheng HT, Chen WT, Hsu HY, Chiu

CC, Liu YP, Wu TH, Yu MC, Lee WC, Chen MF: Sta-

pleless laparoscopic left lateral sectionectomy for hepato-

cellular carcinoma: reappraisal of the Louisville statement

by a young liver surgeon. BMC Gastroenterol 2018; 18:

178.

60．Ho CM, Wakabayashi G, Nitta H, Ito N, Hasegawa Y,

Takahara T: Systematic review of robotic liver resection.

Surg Endosc 2013; 27: 732―739.

61．Macacari RL, Coelho FF, Bernardo WM, Kruger JAP, Jeis-

mann VB, Fonseca GM, Cesconetto DM, Cecconello I,

Herman P: Laparoscopic vs. open left lateral sectionec-

tomy: An update meta-analysis of randomized and non-

randomized controlled trials. Int J Surg 2018; 61: 1―10.

62．Yin Z, Jin H, Ma T, Wang H, Huang B, Jian Z: Laparo-

scopic hepatectomy versus open hepatectomy in the man-

agement of posterosuperior segments of the Liver: A sys-

tematic review and meta-analysis. Int J Surg 2018; 60:

101―110.

63．Morise Z, Ciria R, Cherqui D, Chen KH, Belli G,

Wakabayashi G: Can we expand the indications for la-

paroscopic liver resection? A systematic review and meta-

analysis of laparoscopic liver resection for patients with

hepatocellular carcinoma and chronic liver disease. J He-

patobiliary Pancreat Sci 2015; 22: 342―352.

64．Fretland Å, Dagenborg VJ, Bjørnelv GMW, Kazaryan AM,

Kristiansen R, Fagerland MW, Hausken J, Tønnessen TI,

Abildgaard A, Barkhatov L, Yaqub S, Røsok BI, Bjørnbeth

BA, Andersen MH, Flatmark K, Aas E, Edwin B: Laparo-

scopic Versus Open Resection for Colorectal Liver Metas-

tases: The OSLO-COMET Randomized Controlled Trial.

Ann Surg 2018; 267: 199―207.

65．Fretland Å, Kazaryan AM, Bjørnbeth BA, Flatmark K, An-

dersen MH, Tønnessen TI, Bjørnelv GM, Fagerland MW,

Kristiansen R, Øyri K, Edwin B: Open versus laparo-

scopic liver resection for colorectal liver metastases (the

Oslo-CoMet Study): study protocol for a randomized con-

trolled trial. Trials 2015; 16: 73.

66．van Dam RM, Wong-Lun-Hing EM, van Breukelen GJ,

Stoot JH, van der Vorst JR, Bemelmans MH, Olde

Damink SW, Lassen K, Dejong CH, Group OIS: Open ver-

sus laparoscopic left lateral hepatic sectionectomy within

an enhanced recovery ERASⓇ programme (ORANGE II-

trial): study protocol for a randomised controlled trial.

Trials 2012; 13: 54.

67．Wong-Lun-Hing EM, van Dam RM, van Breukelen GJ,

Tanis PJ, Ratti F, van Hillegersberg R, Slooter GD, de Wilt

JH, Liem MS, de Boer MT, Klaase JM, Neumann UP,

Aldrighetti LA, Dejong CH, Group OIC: Randomized

clinical trial of open versus laparoscopic left lateral he-

patic sectionectomy within an enhanced recovery after

surgery programme (ORANGE II study). Br J Surg 2017;

104: 525―535.

68．Ueda J, Yoshida H, Mamada Y, Taniai N, Yoshioka M,

Hirakata A, Kawano Y, Mizuguchi Y, Shimizu T, Kanda T,

Takata H, Kondo R, Uchida E: Evaluation of positive duc-

tal margins of biliary tract cancer in intraoperative histo-

logical examination. Oncol Lett 2018; 16: 6677―6684.

(Received,

(Accepted,

(J-STAGE Advance Publication,

March

May

June

6, 2019)

22, 2019)

15, 2019)


