
Maeda et al. Mini-invasive Surg. 2025;9:2
DOI: 10.20517/2574-1225.2024.79

Mini-invasive Surgery

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 
International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing, 
adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as 

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and 
indicate if changes were made.

www.oaepublish.com/mis

Open AccessOriginal Article

Does minimally invasive anatomical hepatectomy 
reduce surgical site infections?
Tetsuya Maeda, Yuko Ito, Hiroka Hosaka, Seiko Yamazaki, Yoji Kajiwara, Ken Onishi, Rei Okada, Yu 
Matsumoto, Kazutaka Kimura, Jun Ishii, Masaru Tsuchiya, Yuichiro Otsuka

Division of General and Gastroenterological Surgery, Department of Surgery, Toho University Faculty of Medicine, Tokyo 143-
8541, Japan.

Correspondence to: Prof. Yuichiro Otsuka, Division of General and Gastroenterological Surgery, Department of Surgery, Toho 
University Faculty of Medicine, 6-11-1, Omorinishi, Ota-ku, Tokyo 143-8541, Japan. E-mail: yotsuka@med.toho-u.ac.jp

How to cite this article: Maeda T, Ito Y, Hosaka H, Yamazaki S, Kajiwara Y, Onishi K, Okada R, Matsumoto Y, Kimura K, Ishii J, 
Tsuchiya M, Otsuka Y. Does minimally invasive anatomical hepatectomy reduce surgical site infections? Mini-invasive Surg. 
2025;9:2. https://dx.doi.org/10.20517/2574-1225.2024.79

Received: 8 Oct 2024  First Decision: 14 Nov 2024  Revised: 12 Jan 2025  Accepted: 21 Jan 2025  Published: 25 Jan 2025

Academic Editor: Giulio Belli  Copy Editor: Ting-Ting Hu  Production Editor: Ting-Ting Hu

Abstract
Aim: This study aims to clarify the effectiveness of laparoscopic anatomical liver resections (ALRs) in surgical site 
infections (SSIs).

Methods: We included 95 cases (44.0%) of laparoscopic ALRs (LALRs) and 121 (56.0%) of open ALRs (OALRs). 
Retrospective comparisons were performed between the two groups.

Results: In preoperative factors, tumor size was significantly smaller in LALRs than in OALRs (34.4 ± 23.0 mm vs. 
45.9 ± 35.7 mm, P = 0.007). The operative duration was longer in LALRs than in OALRs (523.0 ± 186.5 min vs. 
356.3 ± 100.5 min, P < 0.001). However, the blood loss and the blood transfusion were fewer in LALRs than in 
OALRs (592.1 ± 911.7 mL vs. 1,240.6 ± 1,131.8 mL, P < 0.001, 26.3% vs. 48.8%, P = 0.001, respectively). 
Postoperative complications above the Clavien-Dindo grade IIIb were one case (1.1%) in LALRs and two in OALRs 
(P = 1.000). The postoperative hospital stay was shorter in LALRs than in OALRs (14.8 ± 16.5 days vs. 20.7 ± 18.9 
days, P = 0.017). There was one (0.8%) postoperative death within 90 days in OALRs and none (0.0%) in LALRs 
(P = 1.000). Incisional SSIs (ISSIs) were significantly reduced in LALRs than in OALRs (1.1% vs. 7.4%, P = 0.045). 
Organ/space SSIs (OSSIs) were observed in five cases (5.3%) in LALRs and seven cases (5.8%) in OALRs (P = 
1.000). A strong correlation between bile leakage and OSSIs was found. Although OSSIs (Odds ratio 31.200, P = 
0.009) were the significant predictive factors for developing ISSIs in OALRs, no risk factors predicting ISSIs were 
found in LALRs using Multivariate logistic regression analyses.
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Conclusion: Although this is a limited study at a single institution, minimally invasive anatomical hepatectomy can 
reduce ISSIs.

Keywords: Laparoscopic hepatectomy, surgical site infection, postoperative infectious complications

INTRODUCTION
In recent years, laparoscopic surgery has become widespread for lesions occurring in intraperitoneal organs. 
In the field of liver surgery, laparoscopic liver resections (LLRs) are performed mainly at high-volume 
centers, and their application is expanding to more difficult hepatectomies. Laparoscopic surgery, which 
allows for precise surgery with the effect of magnification, has been reported to be less invasive than open 
surgery and has been shown to reduce postoperative complications in various organs, such as the stomach[1] 
and colon[2]. However, although there have been some previous reports on the occurrence of postoperative 
infectious complications, including surgical site infections (SSIs), in liver surgeries, this is still open to 
debate. On the other hand, systematic anatomical liver resections (ALRs) are more complex and have a 
higher complication rate than non-systematic partial hepatectomy. Therefore, we compared the treatment 
outcomes of laparoscopic ALRs (LALRs) and open ALRs (OALRs) performed at our facility and described 
the effectiveness of minimally invasive surgeries in ALRs in reducing postoperative infectious 
complications, especially SSIs.

METHODS
Patients and methods
Of the 651 cases of all liver resections performed in our department between January 2006 and May 2022, 
216 ALRs were studied [Figure 1], excluding biliary reconstruction, cases of combined resection of other 
organs, and emergency cases. Of these, 95 cases (44.0%) were LALRs, and 121 (56.0%) were OALRs. By 
performing a retrospective comparison between these two groups, we verified whether LALRs reduce SSIs. 
The study was conducted in line with the principles of the Declaration of Helsinki. It was reviewed and 
approved (No. M22194 21242) by the ethics committee of Toho University Omori Medical Center, Japan. 
The details about the study were disclosed on the web page of Toho University Omori Medical Center 
(https://www.lab.toho-u.ac.jp/med/omori/gastro_surgery/patient/crl21600000000ku-att/20230214_M22194_
21242.pdf), and the potential participants were given the opportunity to opt-out.

Indications for systematic LLRs
When we first introduced LLRs, the tumor factor was tumors 5 cm or less located on the periphery or 
superficial surface of the lateral or infero-hepatic segments (S3, S4b, S5, S6). The surgical procedure factor 
was only partial hepatectomies or left lateral sectionectomy. In addition, the candidates were patients who 
could tolerate similar open liver resections (OLRs) as host factors, and cases with apparent bleeding 
tendency or ascites were excluded. By accumulating these cases, standardizing the procedure, and 
improving surgical outcomes, we gradually expanded the indications for hepatic systemic anatomical 
resection equivalent to OLRs. Anatomical hepatic resections were planned as segmentectomies, 
sectionectomies, or two or more section resections from the perspective of tumor size, tumor number, and 
achieving radical surgery[3-5].

Perioperative management of LLRs
In preoperative systemic evaluation, the American Society of Anesthesiologists physical status (ASA-PS) 
and the Charlson comorbidity index (CCI)[6] were used.

https://www.lab.toho-u.ac.jp/med/omori/gastro_surgery/patient/crl21600000000ku-att/20230214_M22194_21242.pdf
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Figure 1. Patient selection. BD: Biliary duct; LALRs: laparoscopic anatomical liver resections; OALRs: open anatomical liver resections.

In intraoperative anesthetic management, maximum airway pressure (MAP) was maintained at 15 cmH2O 
or less. In addition to significant hepatectomy and tumor resection near the hepatic vein or inferior vena 
cava, a central venous catheter (CVC) was placed in cases where monitoring of circulatory and respiratory 
dynamics was deemed necessary, and central venous pressure (CVP) was managed with a target of 
3-8 mmHg.

Standard surgical technique
Pneumoperitoneum pressure (PP) was 8-10 mmHg with CO2 insufflation to ensure visibility. For 
hepatectomy, preparation for hepatic portal blockade using the Pringle method was performed in all cases, 
and portal blockade was performed when necessary. The area of ischemic blood flow was confirmed by 
securing and ligating the dominant Glissonean sheath on the hepatic portal side, and the anatomical 
resection area was confirmed using the indocyanine green (ICG) fluorescence method. The vessels were 
exposed using a cavitron ultrasonic surgical aspirator (CUSA) or clump crushing, and the liver parenchyma 
was resected using an Ultrasonic Activated Device, Monopolar Device, or Bipolar Device. A stapling device 
was used to dissect a relatively large Glissonean pedicle and significant hepatic veins. The approach started 
as pure laparoscopy but was changed to hybrid or hand-assisted laparoscopic surgery (HALS) to ensure 
safety, such as improving the visual field and controlling bleeding. For LLRs, the specimen was placed in a 
plastic bag and removed from the body. If bile leakage was observed during surgery, a C-tube was placed 
through the cystic duct. A closed suction drain was placed in all cases. The wound was closed by irrigating 
with saline and then suturing the dermis with absorbable sutures.

Standard perioperative antimicrobial management
Prophylactic antibiotics were cefmetazole (CMZ) or cefotiam (CTM). In patients with normal renal 
function, antibiotics were administered every 3 h during surgery from before the start of surgery. 
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Postoperative antibiotics were administered continuously for up to 48 h. In cases where a peritoneal drain 
was inserted, it was generally removed on the third postoperative day after confirming neither bleeding nor 
bile leakage.

Definition of postoperative complications
SSIs were classified into incisional SSIs (ISSIs) and organ/space SSIs (OSSIs) according to the Centers for 
Disease Control and Prevention (CDC) guidelines[7]. ISSIs were defined as cases in which wounds were 
opened due to signs of wound infection within 30 days after surgery, and drainage cultures were positive. 
OSSIs were defined as positive when purulent drainage was observed from peritoneal drains within 30 days 
after surgery or when pathogens were isolated from aseptically collected specimens. Bile leakage was defined 
as positive according to the International Study Group of Liver Surgery (ISGLS) criteria[8] when bile leakage 
continued for three days or more after surgery, containing three times or more the T-Bil value than the 
blood test in biliary drainage juice, or when surgical or radiological treatment was required for drainage due 
to bile leakage. According to TG18[9], cholangitis was considered positive if, in addition to fever or 
worsening inflammatory symptoms, serum total bilirubin levels were 2 mg/dL or higher, hepatobiliary test 
results were 1.5 times higher than the reference values or bile duct dilation was observed on abdominal 
ultrasound (US) or computed tomography (CT) scans. Furthermore, cases of Clavian-Dindo[10] (CD) grade 
3a or higher that required interventional radiology (IVR) or endoscopic treatment were considered positive. 
Intestinal obstruction was considered positive if symptoms of gastrointestinal obstruction such as nausea 
and vomiting were present, stomach or small intestine dilation was observed on plain abdominal X-rays or 
abdominal CT scans, and fasting treatment was required as CD grade 3a or higher. Deep vein thrombus 
(DVT) was considered positive if, in addition to clinical symptoms such as edema and pain, the coagulation 
and fibrinolysis levels were elevated, whole-leg venous ultrasound (whole-leg US) was performed on all 
patients, and the diagnosis was positive if intravenous thrombus was demonstrated. Portal vein thrombosis 
(PVT) was also considered positive if demonstrated on percutaneous US or contrast CT scans. According to 
the ISGLS criteria[11], liver failure was determined to be positive if the prothrombin time was prolonged or 
the serum total bilirubin level was elevated on the fifth postoperative day or later, and if the patient had 
ISGLS Grade B or higher, requiring treatment such as blood transfusion. All the above complications were 
graded according to the CD; cases with CD grade 3a or higher were considered positive.

Statistical analysis
Statistical analysis was performed using EZR on R commander, version 1.55, and the Mann-Whitney U test 
or chi-square test was used to compare the two groups. Univariate and multivariate analyses were 
performed using a logistic regression model to determine independent risk factors of ISSIs. Each group used 
receiver operating characteristic curve analysis to calculate cut-off values for logistic regression analysis.

RESULTS
Table 1 shows a comparison of preoperative factors. Age was 64.0 ± 13.0 years in the LALRs compared with 
67.6 ± 10.0 years in the OALRs, with the LALRs being statistically significantly younger (P = 0.022). There 
were 66 male cases (69.5%) compared with 85 male cases (70.2%) in the OALRs, and body mass index (BMI) 
was 23.2 ± 3.6 kg/m2 in the LALRs compared with 22.8 ± 3.5 kg/m2 in the OALRs, with no statistically 
significant difference between the two groups (P = 1.000 and P = 0.460, respectively). Alcohol consumption 
was 35 (36.8%) in LALRs and 34 (28.1%) in OALRs. Smoking history was 63 (66.3%) in LALRs and 84 
(69.4%) in OALRs, with no statistically significant differences between the two groups (P = 0.188, P = 0.661, 
respectively). Regarding comorbidities, insulin use was 34 (35.8%) in LALRs and 33 (27.3%) in OALRs. 
Chronic kidney disease was 26 (27.4%) in LALRs and 34 (28.1%) in OALRs. Steroid use before surgeries was 
2 (2.1%) in LALRs and 2 (1.7%) in OALRs, with no statistically significant differences between the two 
groups (P = 0.186, P = 1.000, P = 1.000, respectively). In evaluating the physical condition, the ASA 
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Table 1. Comparison of preoperative factors between OALRs and LALRs

Variables OALRs (n = 121) LALRs (n = 95) P-value

Age, years 67.6 ± 10.0 64.0 ± 13.0 0.022

Female, % 36 (29.8) 29 (30.5) 1.000Gender

Male, % 85 (70.2) 66 (69.5)

Body mass index, kg/m2 22.8 ± 3.5 23.2 ± 3.6 0.460

Alcohol, % 34 (28.1) 35 (36.8) 0.188

Smoking, % 84 (69.4) 63 (66.3) 0.661

Diabetes mellitus, % 33 (27.3) 34 (35.8) 0.186

Chronic renal disease, % 34 (28.1) 26 (27.4) 1.000

Comorbidity

Steroid use, % 2 (1.7) 2 (2.1) 1.000

I, % 6 (5.0) 7 (7.4) 0.568

II, % 100 (82.6) 81 (85.3) 0.711

III, % 15 (12.4) 7 (7.4) 0.263

IV, % 0 (0.0) 0 (0.0) NA

ASA score

V, % 0 (0.0) 0 (0.0) NA

Low (0), % 13 (10.7) 19 (20.0) 0.081

Medium (1-2), % 46 (38.0) 33 (34.7) 0.670

High (3-4), % 21 (17.4) 17 (17.9) 1.000

CCI

Very high (≥ 5), % 41 (33.9) 26 (27.4) 0.374

Cirrhosis, % 10 (8.4) 11 (11.6) 0.492

ICG R15, % 9.8 ± 6.3 9.2 ± 6.4 0.462

Child Pugh grade A, % 119 (98.3) 94 (98.9) 1.000

B, % 2 (1.7) 1 (1.1) 1.000

Liver function

C, % 0 (0.0) 0 (0.0) NA

Malignant disease, % 108 (89.3) 79 (83.2) 0.229

Hepatocellular carcinoma, % 56 (46.3) 55 (57.9) 0.101

Metastatic caricinoma, % 36 (29.8) 22 (23.2) 0.354

Intrahepatic cholangiocarcinoma, % 10 (8.3) 2 (2.1)

Gallbladder carcinoma, % 4 (3.3) 0 (0.0)

Neuroendocrine carcinoma, % 1 (0.8) 0 (0.0)

Benigin disease, % 13 (10.7) 16 (16.8)

Tumor size, mm 45.9 ± 35.7 34.4 ± 23.0 0.007

Tumor factor

Preoperative chemotherapy, % 35 (28.9) 16 (16.8) 0.052

Data are expressed as number (percentage) of patients or as mean ± standard deviation. LALRs: Laparoscopic anatomical liver resections; OALRs: 
open anatomical liver resections; ASA: american societry of anesthesiologisis; CCI: Charlson comorbidity index; ICG %15: indocyanine green 
retention rate at 15 min; NA: not available.

classification showed no statistically significant difference between the two groups. On the other hand, the 
number of cases with a low CCI was 19 (20.0%) in LALRs and 13 (10.7%) in OALRs, showing a tendency for 
the LALRs to have a higher CCI score (P = 0.081). In terms of preoperative hepatic functional reserve, the 
number of cases with cirrhosis was 11 (11.6%) in LALRs and 10 (8.4%) in OALRs, showing no statistically 
significant difference between the two groups (P = 0.492). The preoperative ICG R15 values were 9.2% ± 
6.4% in LALRs and 9.8% ± 6.3% in OLRs, and there was one case (1.1%) of Child-Pugh Grade B in LALRs 
and two cases (1.7%) in OALRs, with no statistically significant difference between the two groups (P = 
0.462 and P = 1.000, respectively). Regarding tumor factors, the proportion of malignant disease was 79 
cases (83.2%) in LALRs and 108 cases (89.3%) in OALRs, with a tendency for malignant disease to be more 
prevalent in OALRs (P = 0.229). Hepatocellular carcinoma (HCC) was in 55 cases (57.9%) in LALRs and 56 
cases (46.3%) in OALRs, with no statistically significant difference between the two groups (P = 0.101). 
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Table 2. Comparison of intraoperative factors between OALRs and LALRs

Variables OALRs (n = 121) LALRs (n = 95) P-value

Initial resection, % 105 (86.8) 91 (95.8) 0.032

open 121 (100.0)

pure 67 (70.5)

hybrid 17 (18.5)

HALS 7 (7.6)

Approach

conversion 4 (4.2)

Hemihepatectomy, % 47 (38.8) 30 (31.6) 0.317

left hepatectomy, % 21 (17.4) 15 (15.8) 0.855

Right hepatectomy, % 26 (21.5) 15 (15.8) 0.301

Sectionectomy, % 30 (24.8) 27 (28.4) 0.641

Anterior sectionectomy, % 10 (8.3) 1 (1.1) 0.025

Medial sectionectomy, % 6 (5.0) 2 (2.1) 0.471

Posterior sectionectomy, % 8 (6.6) 6 (6.3) 1.000

Left lateral sectionectomy, % 7 (5.8) 18 (18.9) 0.005

Procedure

Segmentectomy, % 48 (39.7) 38 (40.0) 1.000

Operative duration, min 356.3 ± 100.5 523.0 ± 186.5 < 0.001

Blood loss, mL 1,240.6 ± 1,131.8 592.1 ± 911.7 < 0.001

Intraoperative transfusion, % 59 (48.8) 25 (26.3) 0.001

Data are expressed as number (percentage) of patients or as mean ± standard deviation. LALRs: Laparoscopic anatomical liver resections; OALRs: 
open anatomical liver resections; HALS: hand assisted laparoscopic surgery.

Metastatic carcinoma (Mets) was 22 cases (23.2%) and 36 cases (29.8%) in OALRs, with no statistically 
significant difference between the two groups (P = 0.354). The tumor diameter was 34.4 ± 23.0 mm in 
LALRs and 45.9 ± 35.7 mm in OALRs, significantly smaller in LALRs (P = 0.007). Preoperative 
chemotherapy was administered in 16 cases (16.8%) compared to 35 cases (28.9%) in OALRs, with a 
tendency for preoperative chemotherapy to be more frequent in OALRs (P = 0.052).

A comparison of intraoperative factors is shown in Table 2. The initial hepatectomy was performed in 91 
cases (95.8%) in LALRs and 105 cases (86.8%) in OALRs, with a statistically significant difference between 
the two groups (P = 0.032). The approach in LLRs was pure in 67 cases (70.5%), hybrid in 17 cases (18.5%), 
HALS in 7 cases (7.6%), and conversion to conventional open procedure in 4 cases (4.2%). The surgical 
procedures performed were hemi-hepatectomies in 30 cases (31.6%) in LALRs and 47 cases (38.8%) in 
OALRs, sectionectomies in 27 cases (28.4%) in LALRs and 30 cases (24.8%) in OALRs, and 
segmentectomies in 38 cases (40.0%) in LALRs and 48 cases (39.7%) in OALRs, with no difference between 
the two groups (P = 0.317, P = 0.641, and P = 1.000, respectively). In the LALRs, the operative duration was 
523.0 ± 186.5 min, the blood loss was 592.1 ± 911.7 mL, and 25 cases (26.3%) required intraoperative blood 
transfusion. In contrast, in the OALRs, the operative duration was 356.3 ± 100.5 min, the blood loss was 
1,240.6 ± 1,131.8 mL, and 59 cases (48.8%) required intraoperative blood transfusion, resulting in a 
statistically significantly longer operative time, lower blood loss, and fewer cases of blood transfusion in the 
LALRs (P < 0.001, P < 0.001, P = 0.001, respectively).

In terms of postoperative complications, there was one 30-day postoperative death in the OALRs (0.8%) and 
one 90-day postoperative death in the OALRs (0.8%) compared with none in the LALRs (P = 1.000 and P = 
1.000, respectively) [Table 3]. Regarding infectious complications, ISSIs were observed in 1 case (1.1%) in 
LALRs and 9 cases (7.4%) in OALRs, which was statistically significantly less in LALRs (P = 0.045). OSSIs 
were observed in 5 cases (5.3%) in LALRs and 7 cases (5.8%) in OALRs (P = 1.000). There were no 
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Table 3. Comparison of postoperative factors between OALRs and LALRs

Variables OALRs (n = 121) LALRs (n = 95) P-value

30-day mortality, days 1 (0.8) 0 (0.0) 1.000

90-day mortality, days 1 (0.8) 0 (0.0) 1.000

Incisional SSIs, % 9 (7.4) 1 (1.1) 0.045

Organ/space SSIs, % 7 (5.8) 5 (5.3) 1.000

Bile leakage, % 10 (8.3) 6 (6.3) 0.794

Cholangitis, % 0 (0.0) 0 (0.0) NA

Gastro-intestinal bleeding, % 0 (0.0) 0 (0.0) NA

Intraabdominal bleeding, % 1 (0.8) 0 (0.0) 1.000

Ascites, % 2 (1.7) 0 (0.0) 0.505

Pleural effusion, % 2 (1.7) 1 (1.1) 1.000

Heart failure, % 0 (0.0) 0 (0.0) NA

Renal dysfunction, % 2 (1.7) 0 (0.0) 0.505

Ileus, % 0 (0.0) 0 (0.0) NA

Deep vein thrombosis, % 0 (0.0) 0 (0.0) NA

Portal vein thrombosis, % 0 (0.0) 0 (0.0) NA

Liver failure, % 2 (1.7) 0 (0.0) 0.505

Pneumonia, % 0 (0.0) 0 (0.0) NA

CRBSI, % 1 (0.8) 0 (0.0) 1.000

Enteritis, % 0 (0.0) 0 (0.0) NA

UTI, % 0 (0.0) 0 (0.0) NA

AMR bacteria, % 2 (1.7) 2 (2.1) 1.000

Clavian-Dindo < IIIa, % 119 (98.3) 94 (98.9) 1.000

IIIb, % 0 (0.0) 1 (1.1) 0.440

IVa, % 1 (0.8) 0 (0.0) 1.000

IVb, % 0 (0.0) 0 (0.0) NA

clasification

V, % 1 (0.8) 0 (0.0) 1.000

Hospital stay, days 20.7 ± 18.9 14.8 ± 16.5 0.017

Data are expressed as number (percentage) of patients or as mean ± standard deviation. LALRs: Laparoscopic anatomical liver resections; OALRs: 
open anatomical liver resections; SSIs: surgical site infection; CRBSI: catheter related blood stream infection; UTI: urinary tract infection; AMR: 
antimicrobial resistance; NA: not available.

significant differences between the two groups. Details of cases with OSSIs are shown in Table 4. In the 
OSSI cases, bile leakage was observed in 4 cases (57.1%) in OALRs and 4 cases (80.0%) in LALRs. In Table 3, 
bile leakage was observed in 6 cases (6.3%) in LALRs and 10 cases (8.3%) in OALRs, with no difference 
between the two groups (P = 0.794). On the other hand, it showed a strong correlation between bile leak and 
OSSIs in Table 5 (P < 0.001). No cases of cholangitis were observed in either group. Catheter-related 
bloodstream and urinary tract infections were observed in 1 case (0.8%), respectively, in OALRs, but none 
in LALRs (all P = 1.000). No cases of pneumonia and enteritis were observed in either group. Sepsis was 
observed in 1 case (0.8%) in OALRs, but none in LALRs (P = 1.000). Antimicrobial resistance bacteria were 
detected postoperatively in 2 patients (1.7%) in OALRs and two patients (2.1%) in LALRs (P = 1.000). 
MRSA was detected in all four cases and found in the bile juice and wound in LALRs [Table 6]. There were 
no cases of steroid use, liver cirrhosis, or preceding chemotherapy in these four cases. In Table 3, no cases of 
gastrointestinal bleeding were observed in either group. Intraperitoneal bleeding occurred in 1 patient 
(0.8%) in OALRs, not LALRs (P = 1.000). No cases of ileus, DVT, and PVT were observed in either group. 
Liver failure was detected in 2 patients (1.7%) in OALRs; one patient expired due to liver failure, but none in 
LALRs (P = 0.505). In the CD, 3b or higher cases were observed, with one case (1.1%) performed 
reoperation for biliary peritonitis due to accidental removal of a biliary drainage tube in LALRs and 2 cases 
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Table 4. Details of cases with OSSIs

Case Diagnosis Inslin 
use CRD Steroid 

use LC Preceding 
chemotherapy Approach Procedure ISSIs Bile 

leakage

1 Mets Negative Positive Negative Negative Positive OALRs Sectionectomy (Post) Positive Positive

2 ICC Negative Negative Negative Negative Negative OALRs Sectionectomy (Ante) Positive Positive

3 ICC Negative Positive Negative Negative Negative OALRs Segmentectomy (S6) Positive Negative

4 HCC Negative Negative Negative Negative Negative OALRs Hemihepatectomy 
(Lt)

Negative Negative

5 HCC Negative Positive Negative Positive Positive OALRs Hemihepatectomy 
(Rt)

Positive Negative

6 HCC Negative Negative Negative Negative Negative OALRs Segmentectomy (S7) Negative Positive

7 HCC Negative Negative Negative Negative Negative OALRs Sectionectomy (Ante) Negative Positive

8 HCC Positive Positive Negative Negative Negative LALRs Segmentectomy (S4a 
+ S5)

Negative Positive

9 HCC Negative Negative Negative Negative Negative LALRs Segmentectomy (S5) Negative Positive

10 HCC Positive Negative Negative Negative Negative LALRs Sectionectomy (Ante) Negative Negative

11 HCC Negative Negative Negative Negative Negative LALRs Hemihepatectomy 
(Rt)

Negative Positive

12 HCC Positive Positive Negative Negative Negative LALRs Hemihepatectomy 
(Rt)

Negative Positive

Mets: Metastatic carcinoma; OSSIs: organ/space SSI; HCC: hepatocellular carcinoma; ICC: intrahepatic cholangiocarcinoma; CRD: chronic renal 
disease; LC: liver cirrhosis; LALRs: laparoscopic anatomical liver resections; OALRs: open anatomical liver resections; ISSIs: incisional SSI.

Table 5. Relationship between bile leakage and OSSIs

Bile leakage
negative positive

P-value

negative 196 8OSSIs

positive 4 8

< 0.001

Data are expressd as number of patients. OSSIs: Organ/space SSI.

Table 6. Details of cases with antimicrobial resistance bacteria

Case 1 2 3 4

Diagnosis HCC ICC HCC Intrahepatic calculosis

Inslin use Negative Negative Positive Negative

CRD Negative Negative Positive Negative

Steroid use Negative Negative Negative Negative

LC Negative Negative Negative Negative

Preceding chemotherapy Negative Negative Negative Negative

Approach OALRs OALRs LALRs LALRs

Procedure Rt. hepatectomy Sectionectomy (Ante) Segmentectomy (S4a + 5dor) Lt. hepatectomy

ISSIs Positive Positive Negative Positive

OSSIs Negative Positive Positive Negative

Bile leakage Negative Positive Positive Negative

Detected bacteria MRSA MRSA MRSA MRSA

Detected site Wound Drain Bile Wound

HCC: Hepatocellular carcinoma; ICC: intrahepatic cholangiocarcinoma; CRD; chronic renal disease; LC: liver cirrhosis; LALRs: laparoscopic 
anatomical liver resections; OALRs: open anatomical liver resections; ISSIs: incisional SSI; OSSIs: organ/space SSI; MRSA: methicillin resistant 
Staphylococcus Aureus.
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Table 7. Univariate and multivariate analyses of the predictive factors for incisional surgical site infection in laparoscopic anatomical 
liver resections

Univariate analysis Multivariate analysis
Variables No. patients (n = 95)

Odds ratio (95%CI) P-value Odds ratio (95%CI) P-value

Age (years)

≥ 76/< 76 15/80 infimum (0.137-infimum) 0.158

Gender

male/female 66/29 infimum (0.011-infimum) 1.000

Body mass index

≥ 29.2 kg/m2/< 29.2 kg/m2 4/91 infimum (0.583-infimum) 0.04 infimum (0.295-infimum) 0.999

Malignant disease

yes/no 79/16 0.000 (0.000-7.899) 0.168

Smoke

yes/no 63/32 0.000 (0.000-19.810) 0.337

Diabetes mellitus

yes/no 23/72 0.000 (0.000-121.856) 1.000

Chronic renal disease

yes/no 26/69 0.000 (0.000-103.335) 1.000

Steroid use

yes/no 2/93 0.000 (0.000-1763.556) 1.000

Cirrhosis

yes/no 11/84 0.000 (0.000-296.443) 1.000

Tumor size (mm)

≥ 15/< 15 79/16 0.000 (0.000-7.899) 0.168

Preoperative chemotherapy

yes/ no 16/79 0.000 (0.000-191.988) 1.000

Initial resection

yes/no 91/4 infimum (0.001-infimum) 1.000

Operative duration (min)

≥ 871/< 871 3/92 infimum (0.786-infimum) 0.032 infimum (0.295-infimum) 0.999

Blood loss (mL)

≥ 1,100/< 1,100 15/80 infimum (0.137-infimum) 0.158

Transfusion

yes/no 25/70 0.000 (0.000-109.016) 1.000

Organ/ space surgical site infection

yes/no 5/90 0.000 (0.000-694.394) 1.000

Bile leakage

yes/no 6/89 0.000 (0.000-573.327) 1.000

CI: Confidence interval.

(1.6%) in OALRs. The postoperative hospital stay was 14.8 ± 16.5 days in LALRs and 20.7 ± 18.9 days in 
OALRs, with significantly shorter hospitalization in LALRs (P = 0.017). Univariate and multivariate analyses 
were used to reveal those factors predicting ISSIs. In Table 7, univariate analysis of LALRs on the incidence 
of ISSIs showed that two factors were extracted and identified as being useful for discriminating between 
those who would develop ISSIs: BMI ≥ 29.2 kg/m2 (P = 0.042), Operative duration ≥ 871 min (P = 0.032). 
Multivariate logistic regression analysis revealed no predictive factor for developing ISSIs. On the other 
hand, in univariate analysis of OALRs, four factors were extracted and identified as being useful for 
discriminating between those who would develop ISSIs: Operative duration ≥ 388 min (P = 0.001), Blood 
loss ≥ 1,786 mL (P < 0.001), Transfusion yes (P = 0.015), and OSSIs yes (P < 0.001) [Table 8]. Multivariate 
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Table 8. Univariate and multivariate analyses of the predictive factors for incisional surgical site infection in open anatomical liver 
resections

Univariate analysis Multivariate analysis
Variables No. patients 

(n = 121) Odds ratio (95%CI) P-value Odds ratio (95%CI) P-value

Age (years)

≥ 75/< 75 27/94 3.060 (0.561-15.511) 0.111

Gender

male/female 85/36 3.607 (0.454-165.775) 0.277

Body mass index

≥ 20.1 kg/m2/< 20.1 kg/m2 99/22 infimum (0.442-infimum) 0.362

Malignant disease

yes/no 108/13 0.960 (0.111-46.103) 1.000

Smoke

yes/no 84/37 0.873 (0.174-5.707) 1.000

Diabetes mellitus

yes/no 32/89 0.329 (0.007-2.628) 0.442

Chronic renal disease

yes/no 34/87 2.171 (0.403-10.845) 0.267

Steroid use

yes/no 2/119 0.000 (0.000-69.190) 1.000

Cirrhosis

yes/no 10/109 1.398 (0.028-12.713) 0.559

Tumor size (mm)

≥ 15/< 15 105/16 infimum (0.295-infimum) 0.605

Preoperative chemotherapy

yes/no 35/86 1.248 (0.190-6.276) 0.717 

Initial resection

yes/no 105/16 infimum (0.295-infimum) 0.605 

Operative duration (min)

≥ 388/< 388 44/77 16.520 (2.085-755.923) 0.001 8.250 (0.647-105.000) 0.104

Blood loss (mL)

≥ 1,786/< 1,786 28/93 14.701 (2.561-154.736) < 0.001 3.670 (0.400-33.600) 0.250

Transfusion

yes/no 59/62 9.425 (1.197-430.474) 0.015 6.710 (0.217-208.000) 0.277

Organ/ space surgical site infection

yes/no 7/114 26.792 (3.557-238.232) < 0.001 31.200 (2.380-409.000) 0.009

Bile leakage

yes/no 10/111 3.652 (0.320-24.225) 0.162

CI: Confidence interval.

logistic regression analysis of OALRs revealed that OSSIs (Odds ratio 31.200, 95%CI: 2.380-409.000, P = 
0.009) were the significant predictive factors for developing ISSIs.

DISCUSSION
For malignant liver tumors, there are a wide variety of treatments, including local ablation therapy, systemic 
chemotherapy, and trans-arterial chemo-embolization therapy, in addition to hepatectomy. Individuals 
have tailor-made these treatment strategies in recent years[12]. Therefore, there have been more opportunities 
to experience cases of liver resection after local therapy or chemotherapy in clinical practice. In addition, the 
number of elderly patients with coexisting major organ diseases is increasing due to the aging society, and 
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the environment surrounding liver surgery is rapidly diversifying. On the other hand, gastrointestinal 
surgery has a higher incidence of postoperative infectious complications than surgery in other fields, and 
there are particularly many cases of SSIs in the hepato-biliary-pancreatic field[13]. Therefore, hepato-biliary-
pancreatic surgeons must respond to various cases, including judging surgical suitability, dealing with major 
coexisting organ diseases, and taking perioperative infection control measures more than ever before.

Seventeen previous studies comparing LLRs and OLRs for SSIs, including our study, were found and 
presented in Table 9[14-29]. LLRs reduced ISSIs in six studies[15,19,20,28,29]. Five of these studies did not find that 
LLRs reduced OSSIs[15,19,20,29]. Two reports could suggest that LLRs can reduce the incidence of OSSIs[16,28]. 
Only one study showed that LLRs reduce both ISSIs and OSSIs[28]. These differences might be due to factors 
such as anatomical or non-anatomical procedures, HCC or other diseases, primary or recurrence, the 
number of patients, and selection bias between LLRs and OLRs. Data from this study showed that LALRs 
reduce ISSIs, which is the same as suggested in the report targeting ALRs by Takahara et al.[20].

OSSIs are considered to be related to ISSIs[30]. However, LALRs have smaller wounds and can also achieve 
sufficient drainage of the surgical site by drains in our LALRs. In univariate analysis of LALRs, the ISSIs 
showed statistically significant differences in BMI and operative duration as predictive factors for ISSIs. 
However, no significant predictive factors were found in multivariate analysis. Therefore, no association was 
found between ISSIs and OSSIs in LALRs; that is a rationale for LALRs to reduce the ISSIs in our study.

Although our study showed no significant difference in the reduction of OSSIs due to minimally invasive 
anatomical hepatectomy, eight reports of non-anatomical hepatectomy showed a tendency to reduce 
OSSIs[14-16,18,22,25,28,29]. In general, risk factors for OSSIs include obesity[31], smoking[32], and cirrhosis[33,34]. In 
addition, diseases and surgical procedures include intrahepatic stones, repeat hepatectomy, long-duration 
surgery[13], bi-lobal resections, and excessive bleeding[33]. In addition, postoperative factors, including long-
term placement of abdominal drains[35], liver failure[36], and bile leakage[35,36], are suggested to be the risk 
factors for OSSIs. While cases are becoming more diverse, bile leakage is still considered to be the most 
essential factor associated with OSSIs in clinical practice. Although the risk factors for bile leakage are 
similar to those for OSSIs, difficult anatomical hepatectomies such as central bi-sectionectomy, anterior 
sectionectomy, medial segmentectomy, and caudate lobectomy are also considerable for high-risk 
procedures for bile leakage. Therefore, we considered that OSSIs were not improved by LALRs due to bile 
leakage.

In recent years, in the field of hepatectomies, as well as advances in various surgical techniques and 
perioperative management, improvements in equipment have been made in liver surgery. As a result, 
postoperative complications and surgical outcomes have been improving. The superiority of laparoscopic 
surgery, including its minimal invasiveness, has already been reported compared to laparotomy, and the 
magnified vision effect allows for precise surgery. However, bile leakage still occurs at a specific frequency in 
liver surgery. Further expansion of the indications for minimally invasive hepatectomies is expected for the 
highly complex procedure in the future; efforts to reduce the incidence of bile leakage are encouraged to 
take advantage of minimally invasive surgery. Standardizing the surgical procedure for the surgical team, 
confirming and sharing the detailed anatomy with imaging before surgery within the surgical team, 
identifying the actual anatomy with a good field of view during surgery, and reducing the surgery duration 
and blood loss are the bandle to do for the reduction of bile leakage.

Although this study is limited by its single center, we conclude that minimally invasive anatomical 
hepatectomy can reduce ISSIs. Further investigation with multicenter studies should be needed in the 
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Table 9. Comparison the incidence of SSIs between OLRs and LLRs on the previous reports

Patient number ISSIs (%) OSSIs (%)
Propensity score analysis Propensity score analysis Propensity score analysisAuthor Year Disease Procedure

LLRs OLRs LLRs OLRs LLRs OLRs P-value LLRs OLRs P-value LLRs OLRs P-value LLRs OLRs P-value

Kanazawa et al.[14] 2013 rHCC nAR 20 20 0.0 15.0 0.231 0.0 15.0 0.231

Kanazawa et al.[15] 2013 HCC nAR 28 28 0.0 17.9 0.019 0.0 3.6 0.313

López-Ben et al.[16] 2014 All AR + nAR 50 100 0.0 7.0 0.054 2.0 12.0 0.033

Takahara et al.[17] 2015 HCC AR + nAR 436 2,969 387 387 0.3 1.0 NA 1.0 1.0 NA

Tanaka et al.[18] 2015 HCC nAR 28 57 20 20 0.0 4.0 1.000 0.0 5.0 1.000 0.0 5.0 0.550 0.0 5.0 1.000

Han et al.[19] 2015 HCC NA 88 88 1.1 5.7 < 0.050 0.0 4.5 NA

Takahara et al.[20] 2016 All AR 929 1,4262 929 929 1.6 3.4 0.004 1.6 3.9 0.004 2.9 4.6 0.021 2.9 4.3 0.135

Cheung et al.[21] 2016 HCC NA 110 330 3.6 2.1 NA NA NA NA

Noda et al.[22] 2018 rHCC AR + nAR 20 48 0.0 4.2 NA 0.0 4.2 NA

Tanaka et al.[23] 2019 HCC AR + nAR 117 117 193 314 0.5 3.5 0.031 0.9 3.4 0.370 1.6 5.1 0.042 1.7 1.7 1.000

Onoe et al.[24] 2020 rHCC AR + nAR 30 42 0.0 2.4 NA 6.7 2.4 NA

Shirai et al.[25] 2022 HCC AR + nAR 252 194 100 100 NA NA NA 1.0 2.0 0.568 NA NA NA 1.0 6.0 0.091

Bao et al.[26] 2022 rHCC AR + nAR 30 22 19 19 3.3 0.0 0.577 5.3 0.0 0.311 NA NA NA NA NA NA

Monden et al.[27] 2022 HCC AR + nAR 133 145 75 75 NA NA NA NA NA NA NA NA NA 1.3 0.0 NA

Pu et al.[28] 2023 HCC AR + nAR 845 3031 845 845 1.8 6.3 <0.001 1.8 8.4 <0.001 1.8 4.6 <0.001 1.8 5.2 <0.001

Shinkawa et al.[29] 2024 HCC nAR 193 123 304 304 NA NA NA 1.8 7.6 0.025 NA NA NA 6.4 9.7 0.380 

Maeda 2024 All AR 95 121 1.1 7.4 0.045 5.3 5.8 1.000 

LLRs: Laparoscopic liver resections; OLRs: open liver resections; ISSIs: incisional SSI; OSSIs: organ/space SSI; NA: not available; HCC: hepatocellular carcinoma; rHCC: recurrent hepatocellular carcinoma; AR: 
anatomical resection; nAR: non anatomical resection.

future.

DECLARATIONS
Authors’ contributions
Made substantial contributions to conception and design of the study and performed data acquisition, analysis and interpretation: Maeda T, Otsuka Y
Performed data acquisition and provided administrative, technical, and material support: Ito Y, Hosaka H, Yamazaki S, Kajiwara Y, Onishi K, Okada R, 
Matsumoto Y, Kimura K, Ishii J, Tsuchiya M



Page 13 of Maeda et al. Mini-invasive Surg. 2025;9:2 https://dx.doi.org/10.20517/2574-1225.2024.79 14

Availability of data and materials
The raw data supporting the conclusions of this article will be made available by the authors.

Financial support and sponsorship
None.

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
This study was reviewed and approved (No. M22194 21242) by the ethics committee of Toho University 
Omori Medical Center, Japan. The details about the study were disclosed on the web page of Toho 
University Omori Medical Center (https://www.lab.toho-u.ac.jp/med/omori/gastro_surgery/patient/
crl21600000000ku-att/20230214_M22194_21242.pdf), and the potential participants were given the 
opportunity to opt-out. Informed consent from participants in the study has been waived by the ethics 
committee of Toho University Omori Medical Center due to the retrospective study.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2025.

REFERENCES
Yoshida K, Honda M, Kumamaru H, et al. Surgical outcomes of laparoscopic distal gastrectomy compared to open distal gastrectomy: 
a retrospective cohort study based on a nationwide registry database in Japan. Ann Gastroenterol Surg. 2018;2:55-64.  DOI  PubMed  
PMC

1.     

Fukuda H, Morikane K, Kuroki M, et al. Impact of surgical site infections after open and laparoscopic colon and rectal surgeries on 
postoperative resource consumption. Infection. 2012;40:649-59.  DOI  PubMed

2.     

Kaneko H, Takagi S, Otsuka Y, et al. Laparoscopic liver resection of hepatocellular carcinoma. Am J Surg. 2005;189:190-4.  DOI  
PubMed

3.     

Otsuka Y, Tsuchiya M, Maeda T, et al. Laparoscopic hepatectomy for liver tumors: proposals for standardization. J Hepatobiliary 
Pancreat Surg. 2009;16:720-5.  DOI  PubMed

4.     

Kaneko H, Otsuka Y, Kubota Y, Wakabayashi G. Evolution and revolution of laparoscopic liver resection in Japan. Ann Gastroenterol 
Surg. 2017;1:33-43.  DOI  PubMed  PMC

5.     

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. J Clin Epidemiol. 1994;47:1245-51.  
DOI  PubMed

6.     

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health care-associated infection and criteria for specific 
types of infections in the acute care setting. Am J Infect Control. 2008;36:309-32.  DOI  PubMed

7.     

Koch M, Garden OJ, Padbury R, et al. Bile leakage after hepatobiliary and pancreatic surgery: a definition and grading of severity by 
the International Study Group of Liver Surgery. Surgery. 2011;149:680-8.  DOI  PubMed

8.     

Kiriyama S, Kozaka K, Takada T, et al. Tokyo Guidelines 2018: diagnostic criteria and severity grading of acute cholangitis (with 
videos). J Hepatobiliary Pancreat Sci. 2018;25:17-30.  DOI  PubMed

9.     

Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 
patients and results of a survey. Ann Surg. 2004;240:205-13.  DOI  PubMed  PMC

10.     

Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver failure: a definition and grading by the International Study Group of 
Liver Surgery (ISGLS). Surgery. 2011;149:713-24.  DOI  PubMed

11.     

The Japan Society of Hepatology. JSH HCC Guidelines 2021. Available from: https://www.jsh.or.jp/lib/files/english/examination_en/
guidelines_hepatocellular_carcinoma_2021_01.pdf. [Last accessed on 23 Jan 2025].

12.     

Sadamori H, Yagi T, Shinoura S, et al. Risk factors for organ/space surgical site infection after hepatectomy for hepatocellular 
carcinoma in 359 recent cases. J Hepatobiliary Pancreat Sci. 2013;20:186-96.  DOI  PubMed

13.     

Kanazawa A, Tsukamoto T, Shimizu S, et al. Laparoscopic liver resection for treating recurrent hepatocellular carcinoma. J 
Hepatobiliary Pancreat Sci. 2013;20:512-7.  DOI  PubMed

14.     

Kanazawa A, Tsukamoto T, Shimizu S, et al. Impact of laparoscopic liver resection for hepatocellular carcinoma with F4-liver 15.     

https://www.lab.toho-u.ac.jp/med/omori/gastro_surgery/patient/crl21600000000ku-att/20230214_M22194_21242.pdf
https://www.lab.toho-u.ac.jp/med/omori/gastro_surgery/patient/crl21600000000ku-att/20230214_M22194_21242.pdf
https://dx.doi.org/10.1002/ags3.12054
http://www.ncbi.nlm.nih.gov/pubmed/29863131
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5881294
https://dx.doi.org/10.1007/s15010-012-0317-7
http://www.ncbi.nlm.nih.gov/pubmed/22915346
https://dx.doi.org/10.1016/j.amjsurg.2004.09.010
http://www.ncbi.nlm.nih.gov/pubmed/15720988
https://dx.doi.org/10.1007/s00534-009-0139-x
http://www.ncbi.nlm.nih.gov/pubmed/19652902
https://dx.doi.org/10.1002/ags3.12000
http://www.ncbi.nlm.nih.gov/pubmed/29863134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5881311
https://dx.doi.org/10.1016/0895-4356(94)90129-5
http://www.ncbi.nlm.nih.gov/pubmed/7722560
https://dx.doi.org/10.1016/j.ajic.2008.03.002
http://www.ncbi.nlm.nih.gov/pubmed/18538699
https://dx.doi.org/10.1016/j.surg.2010.12.002
http://www.ncbi.nlm.nih.gov/pubmed/21316725
https://dx.doi.org/10.1002/jhbp.512
http://www.ncbi.nlm.nih.gov/pubmed/29032610
https://dx.doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1360123
https://dx.doi.org/10.1016/j.surg.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/21236455
https://www.jsh.or.jp/lib/files/english/examination_en/guidelines_hepatocellular_carcinoma_2021_01.pdf
https://www.jsh.or.jp/lib/files/english/examination_en/guidelines_hepatocellular_carcinoma_2021_01.pdf
https://dx.doi.org/10.1007/s00534-011-0503-5
http://www.ncbi.nlm.nih.gov/pubmed/22273719
https://dx.doi.org/10.1007/s00534-012-0592-9
http://www.ncbi.nlm.nih.gov/pubmed/23404252


Page 14 of Maeda et al. Mini-invasive Surg. 2025;9:2 https://dx.doi.org/10.20517/2574-1225.2024.7914

cirrhosis. Surg Endosc. 2013;27:2592-7.  DOI  PubMed
López-Ben S, Palacios O, Codina-Barreras A, et al. Pure laparoscopic liver resection reduces surgical site infections and hospital stay. 
Results of a case-matched control study in 50 patients. Langenbecks Arch Surg. 2014;399:307-14.  DOI  PubMed

16.     

Takahara T, Wakabayashi G, Nitta H, et al. Laparoscopic liver resection for hepatocellular carcinoma with cirrhosis in a single 
institution. Hepatobiliary Surg Nutr. 2015;4:398-405.  DOI  PubMed  PMC

17.     

Tanaka S, Takemura S, Shinkawa H, et al. Outcomes of pure laparoscopic versus open hepatic resection for hepatocellular carcinoma 
in cirrhotic patients: a case-control study with propensity score matching. Eur Surg Res. 2015;55:291-301.  DOI  PubMed

18.     

Han HS, Shehta A, Ahn S, Yoon YS, Cho JY, Choi Y. Laparoscopic versus open liver resection for hepatocellular carcinoma: case-
matched study with propensity score matching. J Hepatol. 2015;63:643-50.  DOI  PubMed

19.     

Takahara T, Wakabayashi G, Konno H, et al. Comparison of laparoscopic major hepatectomy with propensity score matched open 
cases from the National Clinical Database in Japan. J Hepatobiliary Pancreat Sci. 2016;23:721-34.  DOI  PubMed

20.     

Cheung TT, Dai WC, Tsang SH, et al. Pure laparoscopic hepatectomy versus open hepatectomy for hepatocellular carcinoma in 110 
patients with liver cirrhosis: a propensity analysis at a single center. Ann Surg. 2016;264:612-20.  DOI  PubMed

21.     

Noda T, Eguchi H, Wada H, et al. Short-term surgical outcomes of minimally invasive repeat hepatectomy for recurrent liver cancer. 
Surg Endosc. 2018;32:46-52.  DOI  PubMed

22.     

Tanaka S, Takemura S, Shinkawa H, et al. Surgical site infection after laparoscopic hepatic resection: comparison with open hepatic 
resection by propensity score matching. J Jpn Soc Surg Infect. 2019;16:34-40.  DOI

23.     

Onoe T, Yamaguchi M, Irei T, et al. Feasibility and efficacy of repeat laparoscopic liver resection for recurrent hepatocellular 
carcinoma. Surg Endosc. 2020;34:4574-81.  DOI  PubMed

24.     

Shirai D, Shinkawa H, Kabata D, et al. Laparoscopic liver resection reduces postoperative infection in patients with hepatocellular 
carcinoma: a propensity score-based analysis. Surg Endosc. 2022;36:9194-203.  DOI  PubMed

25.     

Bao D, Hu Y, Zhang C, et al. Perioperative and short-term outcomes of laparoscopic liver resection for recurrent hepatocellular 
carcinoma: a retrospective study comparing open hepatectomy. Front Oncol. 2022;12:956382.  DOI  PubMed  PMC

26.     

Monden K, Sadamori H, Hioki M, Ohno S, Takakura N. Short-term outcomes of laparoscopic versus open liver resection for 
hepatocellular carcinoma in older patients: a propensity score matching analysis. BMC Surg. 2022;22:63.  DOI  PubMed  PMC

27.     

Pu JL, Xu X, Chen LL, et al. Postoperative infectious complications following laparoscopic versus open hepatectomy for 
hepatocellular carcinoma: a multicenter propensity score analysis of 3876 patients. Int J Surg. 2023;109:2267-75.  DOI  PubMed  PMC

28.     

Shinkawa H, Kaibori M, Kabata D, et al. Laparoscopic and open minor liver resection for hepatocellular carcinoma with clinically 
significant portal hypertension: a multicenter study using inverse probability weighting approach. Surg Endosc. 2024;38:757-68.  DOI  
PubMed

29.     

Okabayashi T, Nishimori I, Yamashita K, et al. Risk factors and predictors for surgical site infection after hepatic resection. J Hosp 
Infect. 2009;73:47-53.  DOI  PubMed

30.     

Cauchy F, Fuks D, Nomi T, et al. Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy. 
Surg Endosc. 2016;30:3709-19.  DOI  PubMed

31.     

Lv Y, Liu C, Wei T, Zhang JF, Liu XM, Zhang XF. Cigarette smoking increases risk of early morbidity after hepatic resection in 
patients with hepatocellular carcinoma. Eur J Surg Oncol. 2015;41:513-9.  DOI  PubMed

32.     

Kurmann A, Wanner B, Martens F, et al. Hepatic steatosis is associated with surgical-site infection after hepatic and colorectal surgery. 
Surgery. 2014;156:109-16.  DOI  PubMed

33.     

Yang T, Tu PA, Zhang H, et al. Risk factors of surgical site infection after hepatic resection. Infect Control Hosp Epidemiol. 
2014;35:317-20.  DOI  PubMed

34.     

Shwaartz C, Fields AC, Aalberg JJ, Divino CM. Role of drain placement in major hepatectomy: a NSQIP analysis of procedure-
targeted hepatectomy cases. World J Surg. 2017;41:1110-8.  DOI  PubMed

35.     

Arikawa T, Kurokawa T, Ohwa Y, et al. Risk factors for surgical site infection after hepatectomy for hepatocellular carcinoma. 
Hepatogastroenterology. 2011;58:143-6.  PubMed

36.     

https://dx.doi.org/10.1007/s00464-013-2795-9
http://www.ncbi.nlm.nih.gov/pubmed/23392977
https://dx.doi.org/10.1007/s00423-014-1169-7
http://www.ncbi.nlm.nih.gov/pubmed/24526221
https://dx.doi.org/10.3978/j.issn.2304-3881.2015.12.04
http://www.ncbi.nlm.nih.gov/pubmed/26734624
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4689695
https://dx.doi.org/10.1159/000439274
http://www.ncbi.nlm.nih.gov/pubmed/26394136
https://dx.doi.org/10.1016/j.jhep.2015.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25872167
https://dx.doi.org/10.1002/jhbp.405
http://www.ncbi.nlm.nih.gov/pubmed/27685870
https://dx.doi.org/10.1097/sla.0000000000001848
http://www.ncbi.nlm.nih.gov/pubmed/27433917
https://dx.doi.org/10.1007/s00464-017-5632-8
http://www.ncbi.nlm.nih.gov/pubmed/28639044
https://dx.doi.org/10.24679/gekakansen.16.1_34
https://dx.doi.org/10.1007/s00464-019-07246-3
http://www.ncbi.nlm.nih.gov/pubmed/31853630
https://dx.doi.org/10.1007/s00464-022-09403-7
http://www.ncbi.nlm.nih.gov/pubmed/35838833
https://dx.doi.org/10.3389/fonc.2022.956382
http://www.ncbi.nlm.nih.gov/pubmed/36324570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9618616
https://dx.doi.org/10.1186/s12893-022-01518-x
http://www.ncbi.nlm.nih.gov/pubmed/35197022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8864801
https://dx.doi.org/10.1097/js9.0000000000000446
http://www.ncbi.nlm.nih.gov/pubmed/37161522
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10442085
https://dx.doi.org/10.1007/s00464-023-10591-z
http://www.ncbi.nlm.nih.gov/pubmed/38052887
https://dx.doi.org/10.1016/j.jhin.2009.04.022
http://www.ncbi.nlm.nih.gov/pubmed/19640610
https://dx.doi.org/10.1007/s00464-015-4666-z
http://www.ncbi.nlm.nih.gov/pubmed/26578433
https://dx.doi.org/10.1016/j.ejso.2015.01.015
http://www.ncbi.nlm.nih.gov/pubmed/25656703
https://dx.doi.org/10.1016/j.surg.2014.02.020
http://www.ncbi.nlm.nih.gov/pubmed/24929762
https://dx.doi.org/10.1086/675278
http://www.ncbi.nlm.nih.gov/pubmed/24521601
https://dx.doi.org/10.1007/s00268-016-3750-4
http://www.ncbi.nlm.nih.gov/pubmed/27738836
http://www.ncbi.nlm.nih.gov/pubmed/21510302

