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Abstract

Aim: As a procedure, major laparoscopic liver resection (LLR) remains in the explo-

ration phase. Previous studies have assessed major LLR en bloc, including hepatec-

tomies of varying complexities; however, the number of segments alone does not

convey the complexity of a resection. This study aimed to assess operative out-

comes of LLR procedures with more than one sectionectomy, and to identify the

best procedure as a first step when learning to carry out major LLR in order to

make LLR a safer, more widely used procedure.

Methods: We carried out a retrospective review of the operative outcomes of 120

consecutive patients who underwent pure LLR with more than one sectionectomy.

Operative outcomes were compared according to the complexity classification

recently published, and the learning curve for each LLR procedure was assessed and

compared.

Results: Operative outcomes, including operative time, blood loss, and the compre-

hensive complication index, were significantly stratified according to complexity.

There were significant differences in operative outcomes among the medium com-

plexity procedures. The operative time for left hemihepatectomy was the shortest,

and the amount of blood loss was the lowest among the medium complexity LLR.

Operative times for left hemihepatectomy shortened significantly with time and

experience (r = −0.639), and the slope of the learning curve was steeper than for

right hemihepatectomy and right posterior sectionectomy.

Conclusion: Left hemihepatectomy is suitable as a first step in pure laparoscopic

major hepatectomy and, given its safety and rapid learning curve for surgeons, it

could become the gold standard procedure.
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1 | INTRODUCTION

Laparoscopic liver resection (LLR) surgeries are still being developed,

meaning they are not as widely used as open liver surgeries, despite

their clinical benefits. These benefits include less blood loss, less pain

and analgesic requirement, shorter hospital stays, and improved cos-

metic results.1–7 International Consensus Conferences on LLR have

been held to evaluate the status of laparoscopic liver surgery, and

these conferences have provided recommendations to aid in the

future development of this procedure.8,9 During the second confer-

ence, the major type of LLR that was discussed was an innovative

procedure still in the exploration phase with incompletely defined

risks; therefore, extending the clinical indications for this LLR should

be considered carefully.9

In several previous studies, various procedures were assessed

and discussed, particularly the learning curve, en bloc as a major

LLR.3,10–15 The complexity of each major hepatectomy procedure

differs widely, and the number of segments alone does not convey

the complexity of a resection. To this end, Lee et al16,17 recently

reported that the complexity of open liver resections should not be

classified based on whether the resection is “major or minor,” but

instead based on the extent of the liver resection.

There are no reports comparing the learning curve for each dif-

ferent type of major LLR procedure. Here, we aimed to investigate

which of these major LLR procedures should be the first step for

surgeons when starting to carry out major LLR.

2 | PATIENTS AND METHODS

2.1 | Data source and study population

The prospective database of patients treated with pure LLR with

more than one sectionectomy at our institution was retrospectively

reviewed. All patients provided informed consent for the procedure.

This study was approved by our institutional review board.

We have been carrying out LLR procedures at our institution

since May 1997, and approximately 600 patients have undergone

LLR as of October 2017. At first, the laparoscopic peripheral wedge

resection procedure was introduced, and the extent of resection was

extended in a stepwise method. Laparoscopic left lateral sectionec-

tomy (LLLS) was the first sectionectomy adopted in April 2003. Right

hemihepatectomy was the first major LLR introduced in September

2009.

The clinical records of the consecutive 120 patients who under-

went a pure LLR with more than one sectionectomy were reviewed

to extract the following information for analysis: patient characteris-

tics, tumor characteristics, operative procedures, and operative out-

comes. First, the operative outcomes were compared according to

Lee's complexity classification system for hepatectomy.16,17 The clas-

sification divides open liver resection procedures into three complex-

ity groups: low, medium, and high. In this system, a left lateral

sectionectomy is classified as low complexity. Left hemihepatectomy,

right hemihepatectomy, and posterior sectionectomy are considered

medium complexity, whereas right anterior sectionectomy and cen-

tral bisectionectomy are considered high complexity. Next, the out-

comes of each LLR procedure classified as medium complexity were

compared to evaluate the learning curve, and to explore which pro-

cedure was suitable as the first step in major LLR. This analysis was

carried out after also excluding cases involving associated proce-

dures (e.g. stoma closure, colectomy, or radiofrequency ablation)

and/or multiple hepatectomies. In this study, an expert was defined

as a surgeon who had experience in carrying out more than 60 LLR,

either as a surgeon or as an assistant surgeon.10,11 In the present

study, three experts and six non‐experts carried out the LLR.

2.2 | Definitions

Extent of liver resection was classified according to the Brisbane

2000 terminology.18 Postoperative morbidity and mortality were

defined as any complication or death within 90 days, respectively.

Complications were graded according to the Clavien‐Dindo classifica-

tion system and were scored by the comprehensive complication

index (CCI®).19,20 CCI® was calculated online by www.assessurgery.

com. For example, a patient who had one grade IIIa complication

was scored 26.2, and a patient who had two grade II complications

was scored 29.6.

2.3 | Surgical technique

Our basic surgical LLR techniques were carried out as previously

described.21,22 The Glissonian approach or individual hilar dissection for

the hilar approach was chosen on a case‐by‐case basis. The liver par-

enchyma was transected along the demarcation line and the main hep-

atic vein. After April 2012, the intermittent Pringle maneuver was

routinely used except for LLLS. Additionally, low central venous pres-

sure, the reverse Trendelenburg position, low airway pressure, and low

tidal volume contributed to less bleeding from the hepatic vein.5,23,24

2.4 | Statistical analysis

Continuous data were expressed as median values with the associ-

ated interquartile ranges. Categorical data were expressed as counts,

with the associated percentile values calculated. The Kruskal‐Wallis

test was used to compare continuous data, and the chi‐squared test

was used for categorical data. P‐value <0.05 was considered statisti-

cally significant. All statistical analyses were carried out using JMP

statistical software (version 9.0.0; SAS Institute, Cary, NC, USA).

3 | RESULTS

Patient and tumor characteristics are shown in Table 1. Rate of

malignant lesions was 88.3%, median tumor size was 35 mm

(24‐61 mm), and liver cirrhosis was observed in 15 patients (12.5%).
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Operative methods and outcomes are summarized in Table 2.

Median operative time was 251 minutes (144‐334 minutes) and the

amount of blood loss was 43 mL (13‐187 mL). Conversion to an

open laparotomy procedure was observed in four cases (3.3%).

These conversions were as a result of two bile duct repairs, one case

of bleeding from the extrahepatic portal vein, and one case of severe

adhesion as a result of previous surgeries. Rates of grade I and

greater than grade IIIa postoperative complications according to the

Clavien‐Dindo classification system were 43.3% and 11.7%, respec-

tively.

According to Lee's complexity classification, 46 patients (39.7%)

were considered as low, 61 (52.6%) as medium, and nine (7.7%) as

high complexity cases. Operative outcomes for the patients who

underwent LLR without associated procedures according to Lee's

complexity classification are shown in Table 3. Operative time, blood

loss, duration of Pringle maneuver, length of hospital stay, and post-

operative complications were significantly stratified by the three

complexity groups.

Low complexity procedures consisted of left lateral sectionec-

tomies. The first 14 LLLS were carried out by expert surgeons only,

and the following 32 cases were carried out by experts or non‐
expert surgeons. Operative time of the early cases shortened rapidly,

and the approximation formula was as follows: y = 182 − 6.16x,

where r = −0.822. In contrast, that of the latter cases almost pla-

teaued, with a formula of y = 91.4 + 0.48x, where r = 0.486 (Fig-

ure 1). These findings suggested that LLLS rapidly standardized and

became the gold standard operation.

In the medium complexity group, there were three different LLR

procedures, which included left hemihepatectomies without caudate

resection (n = 19), right hemihepatectomies (n = 14), and posterior

sectionectomies (n = 12). The operative outcomes for these three

procedures are shown in Table 4. Among them, left hemihepatec-

tomies had the shortest operative time, the shortest Pringle

maneuver time, and the least blood loss, whereas right hemihepatec-

tomies had the highest rate of complications. The operative times in

chronological order are shown in Figure 2A. These operative times

gradually, but significantly, shortened over time through trial and

error (y = 404 − 1.40x, where r = −0.479). Furthermore, the slope of

the approximation formula for the left hemihepatectomy operative

times was steeper than either that of right hemihepatectomy or right

posterior sectionectomy (Figure 2B). The formulae for these opera-

tive times are as follows: left hemihepatectomy, y = 387 − 1.79x,

where r = −0.639; right hemihepatectomy, y = 404 − 0.70x, where

r = −0.302; and right posterior sectionectomy, y = 400 − 0.81x,

where r = −0.305. The CCI® of the time series graph is shown in

Figure 3. It tended to be flat and of a low level.

4 | DISCUSSION

As a procedure, LLR has a relatively short history; hence, it remains

experimental. Brown and Geller25 reported that surgeons should

begin with the laparoscopic peripheral wedge resection, and experi-

ence with anatomical LLLS should be acquired before any attempt at

a major LLR is carried out. Hasegawa et al11 demonstrated that a

TABLE 1 Patient and tumor characteristics

Number of patients 120

Age (years), median (IQR) 65 (57‐73)

Gender (male), n (%) 72 (60.0)

BMI (kg/m2), median (IQR) 23.1 (20.5‐25.7)

Diagnosis (HCC/CRLM/other
malignancy/benign), n (%)

51/42/13/14 (42.5/35.0/10.8/11.7)

Tumor size (mm), median (IQR) 35 (24‐61)

Multiple tumors, n (%) 32 (26.7)

Child‐Pugh grade B, n (%) 1 (0.8)

ICG‐R15 (%), median (IQR) 11 (7‐15)

HBV‐Ag positive, n (%) 9 (7.5)

HCV‐Ab positive, n (%) 15 (12.5)

Liver cirrhosis, n (%) 15 (12.5)

BMI, body mass index; CRLM, colorectal liver metastasis; HBV‐Ag, hep-
atitis B virus antigen; HCC, hepatocellular carcinoma; HCV‐Ab, hepatitis
C virus antibody; ICG‐R15, indocyanine green; IQR, interquartile range.

TABLE 2 Operative methods and outcomes of laparoscopic liver
resection with more than one sectionectomy

Operative procedure (Lat/Med/
Ant/Post/Left/Right/Cent), n
(%)

46/4/8/17/26/18/1
(38.3/3.3/6.7/14.1/21.7/15.0/0.8)

Multiple hepatectomies during

a surgery, n (%)

12 (10.0)

Associated procedure, n (%) 26 (21.7)

Lee's complexity classification

(Low/Medium/High), n (%)

46/61/9 (39.7/52.6/7.7)

Operative time (min), median

(IQR)

251 (144‐334)

Blood loss (mL), median (IQR) 43 (13‐187)

Blood transfusion, n (%) 1 (0.8)

Conversion to open

laparotomy, n (%)

4 (3.3)

Length of hospital stay (days),

median (IQR)

10 (7‐14)

Readmission, n (%) 5 (4.2)

Complications, n (%) 52 (43.3)

Complications (grade ≥IIIa), n
(%)

14 (11.7)

CCI®, median (IQR) 0 (0‐20.9)

CCI® ≥26.2, n (%) 21 (17.5)

Mortality, n (%) 2 (1.7)

Ant, right anterior sectionectomy; CCI, comprehensive complication

index; Cent, central bisectionectomy; IQR, interquartile range; Lat, left

lateral sectionectomy; Left, left hemihepatectomy; Med, left medial

sectionectomy; Post, right posterior sectionectomy; Right, right hemihep-

atectomy.
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major LLR could be safely introduced for a surgeon with an experi-

ence level of at least 60 minor LLR. Nomi et al12 reported that 45

major LLR were required before operating times were reduced. Thus,

several studies have described the learning curve for major LLR en

bloc; however, it is clear that the number of segments alone does

not convey the complexity of a resection. It was important, there-

fore, to explore which type of major LLR procedure was suitable as

a first step, which is what has been presented in the present study.

Lee et al16,17 presented the first quantitative assessment of the

perceived difficulty of a variety of open liver resections, and the

complexity scores that were generated allowed for these resections

to be separated into three categories of complexity. According to

Lee's complexity model, LLR performed in our institution were well

classified in terms of operative time, blood loss, and postoperative

complications.

Laparoscopic left lateral sectionectomy has been acknowledged as

the standard procedure.22,26–28 In this study, the first 14 cases showed

a rapid learning curve, that later plateaued, regardless of whether the

procedures were carried out by not only experts but also by non‐
expert surgeons. These results suggested that the LLLS procedure was

well standardized, and the results aligned with the current view that

LLLS should be the standard procedure. Additionally, its learning curve

was steeper than that of medium‐complexity LLR.

TABLE 3 Operative outcomes according to Lee's complexity classification

Low (n = 37) Medium (n = 45) High (n = 9) P‐value

Operative time (min), median (IQR) 127 (105‐144) 302 (243‐381) 432 (294‐490) <.0001

Blood loss (mL), median (IQR) 13 (5‐24) 153 (40‐307) 211 (69‐313) <.0001

Pringle maneuver (min), median (IQR) 0 (0) 54 (45‐74) 140 (98‐161) <.0001

Conversion to open laparotomy, n (%) 1 (2.7) 2 (4.4) 0 (0.0) .766

LOS (days), median (IQR) 7 (5‐9) 11 (9‐15) 12 (11‐19) <.0001

Readmission, n (%) 0 (0) 3 (6.7) 1 (11.1) .200

Complication, n (%) 8 (21.6) 22 (48.9) 7 (77.8) .003

Complication (grade ≥IIIa), n (%) 0 (0) 5 (11.1) 2 (22.2) .039

CCI®, median (IQR) 0 (0‐0) 0 (0‐8.7) 0 (0‐23.6) .045

CCI® ≥26.2, n (%) 0 (0) 10 (22.2) 2 (22.2) .009

Mortality, n (%) 0 (0) 0 (0) 1 (11.1) .010

CCI, comprehensive complication index; IQR, interquartile range; LOS, length of hospital stay.

F IGURE 1 Operative times for laparoscopic left lateral
sectionectomy. Solid line and ◆ show the linear approximation
equation of the former 14 cases (y = 182 − 6.16x, where
r = −0.822), and the dotted line and ▲ show that of the latter cases
(y = 91.4 + 0.48x, where r = 0.486)

TABLE 4 Operative outcomes according to the extent of hepatectomy in the medium complexity procedures

Left (n = 19) Right (n = 14) Post (n = 12) P‐value

Operative time (min), median (IQR) 235 (198‐275) 366 (310‐412) 319 (293‐368) .001

Blood loss (mL), median (IQR) 38 (15‐164) 206 (137‐490) 202 (67‐299) .009

Pringle maneuver (min), median (IQR) 45 (41‐51) 67 (51‐86) 75 (66‐102) .001

Conversion to open laparotomy, n (%) 2 (10.5) 0 (0) 0 (0) .239

LOS (days), median (IQR) 10 (8‐14) 12 (9‐26) 11 (9‐14) .522

Readmission, n (%) 1 (5.3) 2 (14.3) 0 (0) .329

Complication, n (%) 8 (42.1) 11 (78.6) 3 (25.0) .018

Complication (grade ≥IIIa), n (%) 1 (5.3) 3 (21.4) 1 (8.3) .323

CCI®, median (IQR) 0 (0‐8.7) 0 (0‐23.5) 0 (0‐0) .290

CCI® ≥26.2, n (%) 4 (21.1) 5 (35.7) 1 (8.3) .243

Mortality, n (%) 0 0 0 1.000

CCI, comprehensive complication index; IQR, interquartile range; Left, left hemihepatectomy; LOS, length of hospital stay; Post, right posterior sec-

tionectomy; Right, right hemihepatectomy.
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Three procedures, categorized into the medium complexity cate-

gory, were further compared. Laparoscopic left hemihepatectomy

showed the shortest operative time, the least amount of blood loss,

and a rapid learning curve. Furthermore, the duration of Pringle

maneuver for left hemihepatectomy was approximately 30 minutes

shorter compared to right hemihepatectomy and posterior sectionec-

tomy. In our institution, the intermittent Pringle maneuver was rou-

tinely carried out during liver parenchymal transection, and not for

hemostasis after bleeding; therefore, the results reflected shorter

parenchymal transection times for left hemihepatectomy. These find-

ings might indicate that pure laparoscopic left hemihepatectomy is

suitable as a first step in pure laparoscopic major hepatectomy. This

concept aligns well with the report by Takahara et al7 from the

national clinical database in Japan, concluding that among the major

LLR procedures, a left hemihepatectomy could be a good option for

standard practice.

The CCI® was developed to overcome an underestimation of the

true overall postoperative morbidity.19,20 In this study, the CCI® was

used to evaluate postoperative morbidity, and low values were

obtained throughout our study period. These findings suggest that

the learning curve did not influence morbidity. The reason for this

could be that LLLS was adopted as the first LLR with more than one

sectionectomy, which was a relatively easier procedure; therefore,

there were no major complications. Additionally, it could be because

major LLR was adopted only after adequate experience was acquired

with minor LLR. The indications for hepatectomy were extended in a

stepwise method to ensure patient safety.

In the present study, the surgeries of two patients in the left

hemihepatectomy group were converted to laparoscopic‐assisted
procedures. The first patient had massive bleeding from the portal

vein caused by the Pringle maneuver itself, and mini‐laparotomy was

required to suture and achieve hemostasis. The second patient had

bile leakage following a left hepatic duct stapling failure caused by

severe inflammation of the bile duct. These complications could have

actually occurred in any type of hepatectomy. Overall, the rate of

conversion to open laparotomy was very low, so it would not be a

factor contributing to the learning curve in this study.

F IGURE 2 A, Operative times for all middle complexity
hepatectomies. The linear approximate equation is y = 404 − 1.40x
(r = −0.479). B, Laparoscopic left hemihepatectomy (red, solid line
and ●), right hemihepatectomy (blue, dashed line and ■), and right
posterior sectionectomy (green, dot‐dash line and ▲) are shown.
The linear approximation formulae are as follows: left
hemihepatectomy, y = 387 − 1.79x (r = −0.639); right
hemihepatectomy, y = 404 − 0.70x (r = −0.302); right posterior
sectionectomy, y = 400 − 0.81x (r = −0.305)

F IGURE 3 Comprehensive complication index (CCI®) in a time
series graph
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The greatest advantage of LLR compared to open hepatectomy

is that less bleeding from the hepatic vein occurs as a result of pneu-

moperitoneum.5,23,24 However, the disadvantages involve movement

restrictions and the disorientation that can be caused by the limited

surgical view.29 Our transection method for left hemihepatectomy

was progressed along the demarcation line and the middle hepatic

vein in the craniocaudal direction. These procedures are suitable for

LLR because less bleeding occurs from the hepatic vein, and con-

tribute to overcoming the disadvantages of LLR. Moreover, a left

hemihepatectomy is theoretically a more acceptable procedure com-

pared to a right hemihepatectomy or a right posterior sectionec-

tomy. First, left hemihepatectomy has a lower potential risk of

bleeding from the inferior vena cava (IVC), because dissection

between the IVC and the liver is not needed. Second, the parenchy-

mal transection area of left hemihepatectomy is smaller compared

to right hemihepatectomy or posterior sectionectomy. Finally,

parenchymal transection along the Cantlie line is easier than that of

the right intersectional plane because of both the lower risk of dis-

orientation and the lower bleeding risk because of the lower hepatic

venous pressure.

Regarding the operative techniques, there are two methods of

hilar dissection, the Glissonian approach and individual dissection. In

the present study, the operative outcomes of the two methods could

not be compared because of differences in patient backgrounds.

Both methods are generally acceptable, and neither is superior in

terms of safety and reproducibility. Therefore, the operative method

is left to the surgeon's discretion and preference.30 Spiegel's lobe

resection is another concern. Spiegel's lobe resection requires dissec-

tion from the IVC, and division of the Glissonian vessels in Spiegel's

lobe and the larger parenchymal transection area. Therefore, the risk

of bleeding and bile leakage might increase and prolong the opera-

tive time.

This study had several limitations. First, this report includes only

the experiences gathered from a single, specialized institution. Addi-

tionally, the number of cases in our study group was limited and,

consequently, the learning curve for the LLR apart from four proce-

dures could not be evaluated. Therefore, validations, multicenter

comparison, learning curve analyses, or comparisons among surgeons

with varied experiences are required using independent data sets.

Despite these limitations, we believe that a pure laparoscopic left

hemihepatectomy without Spiegel's lobe resection is suitable as a

first step for pure laparoscopic major hepatectomy and, given its

safety and rapid learning curve for surgeons, could become the gold

standard procedure.

DISCLOSURE

The protocol for this research project has been approved by a suit-

ably constituted ethics committee of the institution, and it conforms

to the provisions of the Declaration of Helsinki. Committee of Iwate

Medical University School of Medicine, Approval No. H29‐131. All
informed consent was obtained from the subjects.

Conflicts of Interest: Authors declare no conflicts of interest for this

article.

Author Contribution: All authors were involved in the conception,

design, interpretation of data, surgery, and acquisition of data. YH

and TT analysed the data.

ORCID

Yasushi Hasegawa http://orcid.org/0000-0002-4990-0419

REFERENCES

1. Kaneko H, Otsuka Y, Kubota Y, Wakabayashi G. Evolution and revo-

lution of laparoscopic liver resection in Japan. Ann Gastroenterol Surg.

2017;1:33–43.
2. Cherqui D. Evolution of laparoscopic liver resection. Br J Surg.

2016;103:1405–7.
3. Ciria R, Cherqui D, Geller DA, Briceno J, Wakabayashi G. Compara-

tive short‐term benefits of laparoscopic liver resection: 9000 cases

and climbing. Ann Surg. 2016;263:761–77.
4. Allard MA, Cunha AS, Gayet B, et al. Early and long‐term oncological

outcomes after laparoscopic resection for colorectal liver metastases:

a propensity score‐based analysis. Ann Surg. 2015;262:794–802.
5. Egger ME, Gottumukkala V, Wilks JA, et al. Anesthetic and operative

considerations for laparoscopic liver resection. Surgery. 2017;161:

1191–202.
6. Beppu T, Wakabayashi G, Hasegawa K, et al. Long‐term and

perioperative outcomes of laparoscopic versus open liver resection

for colorectal liver metastases with propensity score matching: a

multi‐institutional Japanese study. J Hepatobiliary Pancreat Sci.

2015;22:711–20.
7. Takahara T, Wakabayashi G, Beppu T, et al. Long‐term and perioper-

ative 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:

721–7.
8. Buell JF, Cherqui D, Geller DA, et al. The international position on

laparoscopic liver surgery: the Louisville Statement, 2008. Ann Surg.

2009;250:825–30.
9. Wakabayashi G, Cherqui D, Geller DA, et al. Recommendations for

laparoscopic liver resection: a report from the second international

consensus conference held in Morioka. Ann Surg. 2015;261:

619–29.
10. Vigano L, Laurent A, Tayar C, Tomatis M, Ponti A, Cherqui D. The

learning curve in laparoscopic liver resection: improved feasibility

and reproducibility. Ann Surg. 2009;250:772–82.
11. Hasegawa Y, Nitta H, Takahara T, et al. Safely extending the indica-

tions of laparoscopic liver resection: when should we start laparo-

scopic major hepatectomy? Surg Endosc. 2017;31:309–16.
12. Nomi T, Fuks D, Kawaguchi Y, Mal F, Nakajima Y, Gayet B. Learning

curve for laparoscopic major hepatectomy. Br J Surg. 2015;102:796–
804.

13. Cheek SM, Sucandy I, Tsung A, Marsh JW, Geller DA. Evidence sup-

porting laparoscopic major hepatectomy. J Hepatobiliary Pancreat Sci.

2016;23:257–9.
14. Cauchy F, Fuks D, Nomi T, et al. Risk factors and consequences of

conversion in laparoscopic major liver resection. Br J Surg.

2015;102:785–95.
15. Hasegawa Y, Wakabayashi G, Nitta H, et al. A novel model for pre-

diction of pure laparoscopic liver resection surgical difficulty. Surg

Endosc. 2017;31:5356–63.

HASEGAWA ET AL. | 381

http://orcid.org/0000-0002-4990-0419
http://orcid.org/0000-0002-4990-0419
http://orcid.org/0000-0002-4990-0419


16. Lee MK 4th, Gao F, Strasberg SM. Perceived complexity of various

liver resections: results of a survey of experts with development

of a complexity score and classification. J Am Coll Surg. 2015;

220:64–9.
17. Lee MK 4th, Gao F, Strasberg SM. Completion of a liver surgery

complexity score and classification based on an international survey

of experts. J Am Coll Surg. 2016;223:332–42.
18. Strasberg SM, Phillips C. Use and dissemination of the Brisbane

2000 nomenclature of liver anatomy and resections. Ann Surg.

2013;257:377–82.
19. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The com-

prehensive complication index: a novel continuous scale to measure

surgical morbidity. Ann Surg. 2013;258:1–7.
20. Clavien PA, Vetter D, Staiger RD, et al. The comprehensive compli-

cation index (CCI(R)): added value and clinical perspectives 3 years

“Down the Line”. Ann Surg. 2017;265:1045–50.
21. Hasegawa Y, Nitta H, Sasaki A, et al. Long‐term outcomes of laparo-

scopic versus open liver resection for liver metastases from colorec-

tal cancer: a comparative analysis of 168 consecutive cases at a

single center. Surgery. 2015;157:1065–72.
22. Hasegawa Y, Nitta H, Sasaki A, et al. Laparoscopic left lateral sec-

tionectomy as a training procedure for surgeons learning laparo-

scopic hepatectomy. J Hepatobiliary Pancreat Sci. 2013;20:525–30.
23. Tranchart H, O'Rourke N, Van Dam R, et al. Bleeding control during

laparoscopic liver resection: a review of literature. J Hepatobiliary

Pancreat Sci. 2015;22:371–8.
24. Kobayashi S, Honda G, Kurata M, et al. An experimental study on

the relationship among airway pressure, pneumoperitoneum pres-

sure, and central venous pressure in pure laparoscopic hepatectomy.

Ann Surg. 2016;263:1159–63.

25. Brown KM, Geller DA. What is the learning curve for laparoscopic

major hepatectomy? J Gastrointest Surg. 2016;20:1065–71.
26. Ratti F, Barkhatov LI, Tomassini F, et al. Learning curve of self‐

taught laparoscopic liver surgeons in left lateral sectionectomy:

results from an international multi‐institutional analysis on 245

cases. Surg Endosc. 2016;30:3618–29.
27. Dokmak S, Raut V, Aussilhou B, et al. Laparoscopic left lateral resec-

tion is the gold standard for benign liver lesions: a case‐control
study. HPB (Oxford). 2014;16:183–7.

28. Chang S, Laurent A, Tayar C, Karoui M, Cherqui D. Laparoscopy as a

routine approach for left lateral sectionectomy. Br J Surg.

2007;94:58–63.
29. Wakabayashi G, Cherqui D, Geller DA, Han HS, Kaneko H, Buell JF.

Laparoscopic hepatectomy is theoretically better than open hepatec-

tomy: preparing for the 2nd International Consensus Conference on

Laparoscopic Liver Resection. J Hepatobiliary Pancreat Sci. 2014;21:

723–31.
30. Wakabayashi G. Systematic reviews from the 2nd International Con-

sensus Conference on Laparoscopic Liver Resection. J Hepatobiliary

Pancreat Sci. 2015;22:325–6.

How to cite this article: Hasegawa Y, Nitta H, Takahara T,

et al. Laparoscopic left hemihepatectomy is suitable as a first

step in pure laparoscopic major hepatectomy. Ann

Gastroenterol Surg. 2018;2:376–382. https://doi.org/10.1002/
ags3.12193

382 | HASEGAWA ET AL.

https://doi.org/10.1002/ags3.12193
https://doi.org/10.1002/ags3.12193

