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A B S T R A C T   

Background: While the adoption rates of laparoscopic hepatectomy are increasing, most patients still undergo 
open hepatectomy. Open hepatectomies use inverted L-shaped or Mercedes incisions for right-sided liver tumor. 
To decrease procedural invasiveness, we performed midline incisions in such cases, excluding those of laparo-
scopic hepatectomy. This retrospective study examined the effects of this change in treatment policy on overall 
patient surgical outcomes. 
Materials and methods: From 2012 to 2018, 374 patients who underwent hepatectomy for right-sided hepato-
cellular carcinoma were enrolled, and short-term patient outcomes were compared following stratification into 
the 1st (n = 157) or 2nd (n = 217) Era group based on whether procedures occurred before or after the policy 
change, respectively. 
Results: Short-term outcomes were mostly comparable between the two groups, with significantly increased 
postoperative aspartate aminotransferase maximum values found in the 2nd Era group relative to the 1st Era 
group (median: 393 vs. 331, p < 0.05). Pain scores at rest during postoperative day 1 and while moving on 
postoperative days 1, 2, and 3 were significantly lower in the 2nd Era group than in the 1st Era group (p < 0.05, 
<0.01, <0.05, <0.01, respectively). 
Conclusions: Utilization of midline incisions may provide some benefits in postoperative outcomes for right-sided 
open hepatectomy cases.   

1. Introduction 

Minimally invasive surgeries, including laparoscopies, have been 
widely adopted across many surgical fields [1–6]. However, laparo-
scopic hepatectomy adoption rates for liver cancer remain low due to 
concerns regarding potential technical difficulties and the ability to 
accurately identify resection range. Challenges associated with per-
forming laparoscopic hepatectomy for liver cancers include alterations 
in approach based on tumor location, cirrhosis-associated bleeding risks, 
presence of giant tumors, and the potential need to perform anatomical 
resection or repeat hepatectomy [7–13]. Data from the Japanese na-
tional clinical database showed an increase in the number of laparo-
scopic surgeries performed for liver resections from 1848 (9.9%) in 2011 
to 5648 (24.8%) in 2017 [14]. The most common incisions used in open 
hepatectomy for right-sided liver cancers include the inverted L-shape 
and Mercedes incisions. Recently, hepatectomies performed through an 

upper midline incision have been introduced as a less invasive approach 
for harvesting liver grafts from living donors [15–22]. Since 2015, we 
adopted the use of an upper midline incision for hepatectomy as a less 
invasive surgery for patients with liver cancer, including right-sided 
liver cancers, except in cases of laparoscopic hepatectomy. Difficulties 
in using upper midline incision in hepatectomy cases for treating liver 
cancer are dependent on tumor location and considerations of whether 
anatomical or non-anatomical resections are required. Visibility and 
accessibility are concerns during hepatectomy, particularly in cases 
involving posterior segment resections when working in a deep surgical 
field. Our institution previously performed hepatectomies using the 
inverted L-shaped incisions except in cases of laparoscopic surgeries 
before modifying treatment policies in 2015 to implement the use of 
midline incisions where possible to reduce overall invasiveness. This 
study aimed to examine changes in postoperative pain and safety asso-
ciated with liver resection resulting from this change in treatment policy 
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to determine whether switching to less invasive midline incisions would 
result in more positive patient outcomes. 

2. Material and methods 

2.1. Patient selection 

We retrospectively enrolled 750 patients who underwent hepatec-
tomy for hepatocellular carcinoma (HCC) between January 2012 and 
December 2018. Of these, we excluded patients who underwent repeat 
hepatectomy (n = 245) or cases that did not include right lobe excision 
(n = 375), resulting in a final study population of 374 patients. Addi-
tionally, all patients who were eligible for laparoscopic procedures un-
derwent laparoscopic surgery. Patients recruited after the policy change 
went into effect in January 2015 underwent procedures that mainly 
utilized upper midline incisions, except for those who underwent lapa-
roscopic surgeries. Patients were stratified based on the timing of the 
procedure (before or after the policy change). The 1st Era group (L- 
shaped incision: n = 123; Midline incision: n = 7; Laparoscopic surgery: 
n = 27) comprised patients who underwent procedures before the 
institutional policy change and the 2nd Era group (L-shaped incision: n 
= 66; Midline incision: n = 109; Laparoscopic surgery: n = 42) 
comprised patients who underwent procedures after the policy change 
(Fig. 1). This study conforms to the provisions of the Declaration of 
Helsinki and was approved by the local Institutional Review Board. All 
patients provided informed consent before undergoing their respective 
surgical procedures. All surgical procedures were performed by a 
different group of surgeons practicing at our institution. 

2.2. Surgical procedure 

For patients undergoing hepatectomy using upper midline incisions, 
the incision was made from the xiphoid process to a point above the 
umbilicus. A Thompson retractor (Thompson Surgical Instruments Inc., 
Traverse City, MI, USA) was used to retract the abdominal wall (Fig. 2a), 
and the left coronary and triangular ligaments were separated to free the 
left hepatic lobe to fully mobilize the right hepatic lobe. Next, the right 
coronary and triangular ligaments were divided, and the Thompson 
retractor was pulled to the right while rotating the liver gradually to the 
left (Fig. 2b), allowing the right lobe to be separated from the diaphragm 

and retroperitoneal space. The right side of the inferior vena cava (IVC) 
was taped to the right adrenal gland, dissected or sutured, and ligated 
(Fig. 2c) to allow for the mobilization of the right lobe. Liver mobili-
zation was facilitated through incremental movements using thing IVC 
as the axis. 

For conventional inverted L-shaped incision hepatectomy, the upper 
midline incision was extended transversely from the umbilicus to the 
ninth intercostal space, while a Kent retractor (Takasago Medical In-
dustry Co., Tokyo, Japan) was used for abdominal wall retraction. 

Hepatectomies were performed uniformly, regardless of the incision 
type. Intermittent inflow occlusions were achieved either by using the 
Pringle method, wherein the hepatoduodenal ligament is clamped to 
temporarily block the blood flow in the hepatic artery and portal system 
or clamping the inferior vena cava, and the parenchyma was dissected 
using a cavitation ultrasonic aspiration system (CUSA Excel; Integra Life 
Sciences Co., Plainsboro, NJ, USA) or water jet (ERBE, Inc., Tübingen, 
Germany). For anatomical resections, a Glissonean pedicle approach at 
the porta hepatis is used under normal conditions [23]. However, if 
there were concerns regarding liver hardness or the branching form of 
the Glisson’s capsule, the resected region was identified by staining and 
was guided using ultrasound [24]. In addition, the hanging maneuver 
was performed as needed. A drain was placed on the remaining liver 
segment during the surgical closure and remained in place until post-
operative day 3 (Fig. 2d). For both groups, patients were first evaluated 
for laparoscopic surgery eligibility. Before the treatment policy change, 
for cases where laparoscopic surgery was determined to be challenging, 
an L-shaped laparotomy was performed. Following the implementation 
of the new treatment policy, midline incisions were utilized whenever 
possible. However, an L-shaped laparotomy transition was unavoidable 
in some cases due to a poor field of view. 

2.3. Measurement and assessment of postoperative pain 

Pain management and postoperative pain assessments remained 
consistent for both treatment groups. Specifically, epidural (Epi)–pa-
tient-controlled analgesia (PCA) was generally used for patients under-
going open hepatectomy. Intravenous (IV)-PCA was used in patients 
undergoing anti-coagulation or anti-platelet therapy or those who had 
thrombocytopenia (platelet count of 80,000 or less or a prothrombin 
time of 80% or less) to minimize the risk of postoperative epidural 

Fig. 1. Change in the institutional treatment policy 
The first-choice surgical strategy is laparoscopic surgery; however, since January 2015, laparotomies were performed utilizing midline incisions where possible. 
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hematomas. In addition to narcotics (fentanyl) used in PCA, non- 
steroidal anti-inflammatory drugs (NSAIDs) or acetaminophen were 
also administered twice daily at fixed intervals, beginning after post-
operative day 2. PCA was terminated on postoperative day 4 or 5, 
depending on patient-reported pain levels. Postoperative pain assess-
ments using the visual analogue scale (VAS) were performed by anes-
thesiologists twice daily while patients were at rest or undergoing 
movement-related activities on postoperative days 1, 2, and 3 [25]. 

2.4. Definitions 

Indications for the requirement of hepatectomy were determined 
based on the tumor and resultant liver dysfunction according to the 
Child-Pugh classification, comprising five variables: encephalopathy, 
ascites, serum bilirubin, serum albumin and prothrombin activity, and 
the Liver Damage Grade, measuring indocyanine green retention rates at 
15 min (ICGR-15) instead of encephalopathy [26]. Patients with suffi-
cient liver function underwent anatomic resections, while partial re-
sections were performed in patients with insufficient liver function. 

A right-sided hepatectomy was defined as a resection of segments 5, 
6, 7, and 8 based on the Couinaud classification. In some patients, both 
right- and left-sided hepatectomies were performed. Major hepatectomy 
was defined as the resection of three or more segments, while minor 
hepatectomy was defined as the resection of no more than two segments. 

The Clavien-Dindo classification and post-hepatectomy liver failure 
(PHLF) definitions were used to evaluate surgical complications. If the 
patient required surgical, endoscopic, or radiological intervention, the 
complication was assigned a Clavien-Dindo grade of III or more [27]. 
The PHLF was considered positive when the ICGR-15 and total-bilirubin 
levels on postoperative day 5 were above the normal limits [28]. 

2.5. Statistical analyses 

Continuous variables are presented as medians and ranges. For 
continuous variables, parametric analyses were performed using Stu-
dent’s t-test for normally distributed data, while the Mann–Whitney U 
test was used for non-parametric analyses. Categorical variables were 
compared using Fisher’s exact test. 

To account for biases resulting from differences in covariate distri-
bution across patients in the 2nd Midline and 1st L-shaped groups, one- 
to-one matching was conducted using a propensity score analysis. Var-
iables entered in the propensity model were prothrombin time as the 
preoperative factor, while tumor size and resection weight were used as 
operative factors. 

All statistical analyses were conducted using JMP Genomics version 
14 (SAS Institute Inc., Cary, NC, USA); p-values of <0.05 were consid-
ered to be statistically significant. The work has been reported in line 
with the STROCSS criteria [29]. This study is registered with the 
Research Registry, and the UIN is researchregistry6476 (https://www. 
researchregistry.com/register-now#user-researchregistry/registerresea 
rchdetails/6007c7d7dbe65d001cb358ac/). 

3. Results 

3.1. Study population and clinical characteristics 

Clinical characteristics of the study population are summarized in 
Supplemental Table 1. We enrolled 287 men (76%) and 87 women 
(24%) with a median age 70 years (range: 20–91 years), and a median 
body mass index (BMI) of 23.1 kg/m2 (range: 15.5–37.3 kg/m2). Of the 
374 patients, 348 (93%) were classified as Child-Pugh grade A and 26 
(7%) were classified as Child-Pugh grade B. 

The median tumor size was 25 mm (range: 8–200 mm), with liver 
tumor numbers ranging from 1 to 20. A single liver tumor was found in 

Fig. 2. Surgical procedure for hepatectomy utiliz-
ing an upper midline incision for right-sided liver 
cancer 
(a) The abdominal wall is retracted using the 
Thompson retractor. 
(b) The entire liver is rotated from the right to the 
left side in order to bring the resection range to just 
below the wound. 
(c) The right adrenal gland is dissected in order to 
fully mobilize the right lobe. 
(d) Postoperative image overview of the wound 
following right-sided hepatectomy utilizing an 
upper midline incision.   
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230 patients (61%), and multiple liver tumors were found in 144 pa-
tients (39%). Liver cirrhosis was present in 75 patients (20%). Posterior 
tumors were present in 190 patients (51%), and the remaining 184 pa-
tients (49%) had tumors in other regions. Anatomical resections were 
performed in 261 patients (69%), and limited resections were performed 
in 113 patients (31%). Epi-PCA and IV-PCA were used by 193 patients 
(52%) and 180 patients (48%), respectively. 

3.2. Era group-stratified clinical characteristics and outcomes 

To determine whether changes in treatment policies had effects on 
postoperative outcomes, we compared the short-term outcomes between 
patients in the 1st and 2nd Era groups, which included cases that utilized 
midline incisions, L-shaped incisions, or laparoscopic hepatectomy, 
using an intention to treat (ITT) analysis. 

Comparisons of clinical characteristics across the 1st and 2nd Era 
groups are shown in Table 1. Most preoperative and operative factors 
were similar across the groups; however, the 2nd Era group had 
significantly lower aspartate aminotransferase (AST) and α-fetoprotein 
(AFP) levels (AST median: 36 vs. 31, p < 0.05 U/L; AFP median: 14 vs. 7 
ng/mL, p = 0.01) with a longer prothrombin time (median (%): 84 vs. 
90, p < 0.01) than did the 1st Era group. 

We next compared the surgical and postoperative outcomes across 
the two groups. There were no significant differences with regard to 
surgical parameters (operative time, blood loss) and most postoperative 
outcomes (length of hospitalization, complications, and PHLF grade) 
(Table 2). However, the postoperative maximum AST values were 
higher in the 2nd Era group than in the 1st Era group (median: 393 vs. 
331 U/L, p < 0.05). However, the VAS scores at rest on postoperative 
day 1 and during movement on postoperative days 1, 2, and 3 were 

significantly lower in the 2nd Era group than in the 1st Era group 
(median: 22.5 vs. 20, p < 0.05; median: 61 vs. 50, p < 0.01; median: 56 
vs. 48, p < 0.05; and median: 51 vs. 45, p < 0.01, respectively). 

3.3. Between-group propensity-score matched 1st L-shaped group and 2nd 
midline incision group comparisons 

The 1st L-shaped group (1st L group) included those who may have 
been eligible to undergo a midline incision but underwent procedures 
that used L-shaped incisions. The 2nd midline group (2nd M group) 
included those who underwent procedures utilizing a midline incision. 
Patient characteristics are summarized in Supplemental Table 2. Clinical 
characteristics showed that the 1st L group had a lower prothrombin 
time (PT) (median (%): 83 vs. 90, p < 0.01), larger tumor size (median: 
25 vs. 24 mm, p < 0.05), and heavier resection weight (median: 184 vs. 
137 g, p < 0.05) than did the 2 nd M group. Surgical and postoperative 
outcomes are shown in Supplemental Table 3. The VAS scores on post-
operative days 1 and 2 at rest and postoperative days 1, 2, and 3 during 
movement were significantly lower in the 2 nd M group than in the 1st L 
group (median: 22 vs. 18, p < 0.05; median: 20 vs. 11, p < 0.05; median: 
60 vs. 48, p < 0.05; median: 55 vs. 45, p < 0.01; and median: 52 vs. 40, p 
< 0.05, respectively). However, there may be a case selection bias be-
tween the two groups due to historical background since differences in 
tumor size, resected weight, and liver function were observed between 
the two groups. One-to-one matching with propensity scores was used to 
overcome these effects. The characteristics of the matched patient 
groups are summarized in Tables 3 and 75 patients from each group 
were matched following covariate adjustment with the surgical and 
postoperative outcomes shown in Table 4. The results of the matched- 
group analysis were similar to those of the previous ITT analysis. The 
VAS scores at postoperative days 1 and 2 at rest and postoperative days 
1, 2, and 3 during movement were significantly lower in the 2 nd M 
group than in the 1st L group (median: 22 vs. 15, p < 0.05; median: 20 
vs. 10.5, p < 0.05; median: 53 vs. 41, p < 0.05; median: 56 vs. 44.5, p <
0.01; and median: 50 vs. 40, p < 0.05, respectively). 

Table 1 
Clinical characteristics of patients in the 1st Era and 2nd Era groups.  

Variables Group 1st Era (n 
= 157) 

Group 2nd Era (n 
= 217) 

P- 
Value 

Agea 70 (33–91) 71 (20–88) 0.24 
Sex; Male/Female 122/35 165/52 0.70 
BMIa 22.8 (16.5–37.3) 23.2 (15.5–36.9) 0.12 
DM; Yes/No 48/68 66/113 0.43 
T-Bil (mg/dl)a 0.8 (0.3–2.9) 0.8 (0.3–2.7) 0.76 
AST (IU/l)a 36 (11–296) 31 (12–390) <0.05 
Albumin (mg/dl)a 4.1 (2.3–5.1) 4.0 (2.5–7.4) 0.92 
Prothrombin time (%)a 84 (24–112) 90 (24–145) <0.01 
ICGR-15 (%)a 13.8 (2.6–79.1) 13.2 (2.2–79.2) 0.85 
Child-Pugh classification; A/ 

B 
143/14 205/12 0.20 

AFP (ng/ml)a 14 (0.5–11234) 7 (0.5–290700) <0.05 
Tumor size (mm)a 25 (8–170) 25 (8–200) 0.73 
Tumor number; Single/ 

Multiple 
97/60 133/84 0.92 

Liver cirrhosis; Yes/No 36/121 39/178 0.23 
Posterior region; Yes/No 71/86 113/104 0.19 
Resected weight (g)a 151 (5–2332) 137 (6–2903) 0.79 
Type of hepatectomy; 

Anatomical/Limited 
107/50 154/63 0.55 

Type of hepatectomy; Major/ 
Minor 

16/141 22/195 0.98 

Perioperative pain 
management; Epi-PCA/iv- 
PCA 

80/77 113/103 0.83 

The 1st Era group (L-shaped incision: n = 123; Midline incision: n = 7; Lapa-
roscopic surgery: n = 27) comprised patients who underwent procedures prior to 
the institutional policy change. The 2nd Era group (L-shaped incision: n = 66; 
Midline incision: n = 109; Laparoscopic surgery: n = 42) comprised patients 
who underwent procedures after the policy change. 
BMI, body mass index; DM, diabetes mellitus; T-Bil, total bilirubin; AST, 
aspartate aminotransferase; ALT, alanine transaminase; ICGR-15, indocyanine 
green retention rate at 15 min; AFP, α-fetoprotein; Epi-PCA, epidural-patient- 
controlled analgesia; iv-PCA, intravenous-patient-controlled analgesia. 

a [median, (range)]. 

Table 2 
Surgical and postoperative outcomes in the 1st Era and 2nd Era groups.  

Variables Group 1st Era (n =
157) 

Group 2nd Era (n 
= 217) 

P- 
Value 

Operative time (min)a 329 (166–695) 342 (128–919) 0.12 
Blood loss (ml)a 400 (20–7798) 442 (10–4976) 0.22 
Postoperative hospital days 

(day)a 
12 (3–206) 12 (4–194) 0.32 

Max AST (U/L) 331 (120–2042) 393 (69–3519) <0.05 
Clavien-Dindo grade ≥ III; 

Yes/No 
20 (12%)/137 37 (17%)/180 0.25 

Respiratory complication; 
Yes/No 

17 (10%)/140 29 (13%)/188 0.46 

PHLF; Yes/No 58 (36%)/99 69 (31%)/148 0.29 
Perioperative mortality; 

Yes/No 
1 (0.006%)/156 5 (0.02%)/212 0.20 

VAS score POD1 (at rest)a 22.5 (0–100) 20 (0–100) <0.05 
VAS score POD2 (at rest)a 20 (0–100) 14 (0–100) 0.05 
VAS score POD3 (at rest)a 15 (0–83) 10 (0–82) 0.28 
VAS score POD1 (during 

movement)a 
61 (0–100) 50 (0–100) <0.01 

VAS score POD2 (during 
movement)a 

56 (0–100) 48 (0–100) <0.05 

VAS score POD3 (during 
movement)a 

51 (0–100) 45 (0–100) <0.01 

The 1st Era group (L-shaped incision: n = 123; Midline incision: n = 7; Lapa-
roscopic surgery: n = 27) comprised patients who underwent procedures prior to 
the institutional policy change. The 2nd Era group (L-shaped incision: n = 66; 
Midline incision: n = 109; Laparoscopic surgery: n = 42) comprised patients 
who underwent procedures after the policy change. 
AST, aspartate aminotransferase; PHLF, post-hepatectomy liver failure; VAS, 
visual analog scale; POD, postoperative day. 

a [median, (range)]. 
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3.4. Comparisons between midline incisions and laparoscopic surgery 

The institutional change in treatment policy was made to minimize 
the invasiveness of surgeries. We examined the overall invasiveness of 
midline incisions by comparing midline incision surgeries to laparo-
scopic surgeries in the 2nd Era group, and patient characteristics are 
summarized in Supplemental Table 4. The laparoscopic surgery group 
had a smaller tumor size, lighter resection weight, and higher limited 
resection rate than did the midline incision group. Supplemental Table 5 
shows the surgical and postoperative outcomes. Laparoscopic surgery 
groups had significantly less bleeding and shorter postoperative hospital 
stays. There were no significant differences between the two groups for 
postoperative complications. However, the VAS scores on postoperative 
day 1 at rest and postoperative day 1 during movement were lower in 
the midline incision group than in the laparoscopic surgery group 
(median: 18 vs. 30, p < 0.05 and median: 48 vs. 58, p < 0.01, respec-
tively). This would suggest that the midline incision group had compa-
rable invasiveness to the laparoscopic surgery group. 

3.5. Risk factors for transition to L-shaped incisions 

Finally, we examined the risk of transition to an L-shaped incision by 
comparing the midline and L-shaped incision groups in the 2nd Era 
group. Univariate analysis using preoperatively evaluated factors found 
that significant risk factors included male sex (p < 0.01), BMI ≥23 (p <
0.05), tumor size ≥30 mm (p < 0.01), multiple tumors (p < 0.05), 
hepatitis C virus (HCV) negative status (p < 0.01), liver damage B (p <

0.05), and major hepatectomy (p < 0.05, Table 5). In addition, multi-
variate analysis using these factors (Table 5) found that independent risk 
factors included male sex (p < 0.05), tumor size ≥30 mm (p < 0.01), and 
liver damage B (p < 0.05). 

4. Discussion 

This study is the first to examine the outcomes associated with 
midline hepatectomy for right-sided liver cancers. The inverted L-sha-
ped incision is currently the most common approach used for hepatec-
tomy in cases of liver cancer. This approach is advantageous as it 
provides a visual field that readily allows right lobe mobilization, deep 
segment resection, and dissection of the short hepatic vein. While the 
inverted L-shaped incision is relatively less invasive than the reverse T- 
shaped incision, procedures utilizing L-shaped incisions tend to require 
increased analgesia, longer postoperative hospitalization time, and poor 
cosmetic outcomes resulting from scarring [30,31]. When compared to 
open surgeries, laparoscopic surgeries do not negatively affect surgical 
outcomes or cancer prognosis [1–6]. The reduced invasiveness of lapa-
roscopic hepatectomies is a major advantage of this procedure, and 
laparotomies are performed in cases with cirrhosis or highly advanced 
liver cancer or in those requiring a complicated systematic resection. 
Several reports have described the utility of hepatectomy versus upper 
midline incisions. However, these mainly focused on hepatectomies 
performed for harvesting living donor grafts, and very few report the 
efficacy of these procedures in liver cancer cases [30,31]. Hepatectomies 
performed using upper midline incisions are difficult in patients with 
liver cancer, particularly in cases requiring right-sided hepatectomy and 
anatomical resection primarily due to a limited surgical field of view and 
associated difficulties in identifying the excision range. Hepatectomy 
procedures utilizing the upper midline incision require the liver to be 
sufficiently dissected from its neighboring structures. Once adequate 
exposure is achieved, this procedure becomes similar to a conventional 
hepatectomy. The Thompson retractor and sufficient mobilization of left 
lobe volume, in small increments with IVC as the axis, improve the 

Table 3 
Clinical characteristics of patients in the 1st L-shaped and 2nd Midline groups 
after propensity score matching.  

Variables Group 1st 
L-shaped (n =
75) 

Group 2nd Midline 
(n = 75) 

P- 
Value 

Agea 70 (45–88) 71 (38–88) 0.85 
Sex; Male/Female 59/16 50/25 0.09 
BMIa 22.8 

(16.9–37.3) 
22.6 (16.1–31.8) 0.70 

DM; Yes/No 25/29 22/37 0.33 
T-Bil (mg/dl)a 0.8 (0.3–1.9) 0.8 (0.3–2.7) 0.99 
AST (IU/l)a 37 (12–151) 31 (12–91) 0.08 
Albumin (mg/dl)a 4.0 (2.5–5.1) 4.0 (2.7–4.9) 0.77 
Prothrombin time (%)a 85 (66–112) 89 (49–119) 0.86 
ICGR-15 (%)a 14.0 

(3.5–79.1) 
13.5 (3.1–54.6) 0.61 

Child-Pugh classification; A/B 73/2 71/4 0.40 
AFP (ng/ml)a 12.7 

(0.5–2226) 
7.1 (0.5–23800) 0.20 

Tumor size (mm)a 25 (8–170) 25 (10–160) 0.53 
Tumor number; Single/ 

Multiple 
48/27 47/28 0.86 

Liver cirrhosis; Yes/No 17/58 18/57 0.84 
Posterior region; Yes/No 35/40 39/36 0.51 
Resected weight (g)a 156 (12–2332) 136 (6–974) 0.44 
Type of hepatectomy; 

Anatomical/Limited 
59/16 56/19 0.56 

Type of hepatectomy; Major/ 
Minor 

3/72 7/68 0.19 

Perioperative pain 
management; Epi-PCA/iv- 
PCA 

42/33 39/36 0.62 

The 1st L-shaped group (1st L group) included those who may have been eligible 
to undergo a midline incision but underwent procedures that used L-shaped 
incisions. The 2nd midline group (2nd M group) included those who underwent 
procedures utilizing a midline incision. 
BMI, body mass index; DM, diabetes mellitus; T-Bil, total bilirubin; AST, 
aspartate aminotransferase; ALT, alanine transaminase; ICGR-15, indocyanine 
green retention rate at 15 min; AFP, α-fetoprotein; Epi-PCA, epidural–patient- 
controlled analgesia; iv-PCA, intravenous–patient-controlled analgesia. 

a [median, (range)]. 

Table 4 
Surgical and postoperative outcomes in the 1st L-shaped and 2nd Midline groups 
after propensity score matching.  

Variables Group 1st 
L-shaped (n =
75) 

Group 2nd Midline 
(n = 75) 

P- 
Value 

Operative time (min)a 323 (166–537) 330 (128–919) 0.34 
Blood loss (ml)a 469 (50–4470) 448 (20–4045) 0.66 
Postoperative hospital days 

(day)a 
12 (3–206) 12 (8–93) 0.58 

Max AST (U/L) 336 
(121–2042) 

379 (69–2667) 0.85 

Clavien-Dindo grade ≥ III; 
Yes/No 

9 (12%)/66 13 (17%)/62 0.35 

Respiratory complication; 
Yes/No 

6 (8%)/69 10 (13%)/65 0.29 

PHLF; Yes/No 30 (40%)/45 25 (33%)/50 0.39 
VAS score POD1 (at rest)a 22 (0–100) 15 (0–86) <0.05 
VAS score POD2 (at rest)a 20 (0–80) 10.5 (0–80) <0.05 
VAS score POD3 (at rest)a 12 (0–83) 7 (0–60) 0.24 
VAS score POD1 (during 

movement)a 
53 (0–100) 41 (0–100) <0.01 

VAS score POD2 (during 
movement)a 

56 (0–100) 44.5 (0–100) <0.05 

VAS score POD3 (during 
movement)a 

50 (0–95) 40 (0–100) <0.01 

The 1st L-shaped group (1st L group) included those who may have been eligible 
to undergo a midline incision but underwent procedures that used L-shaped 
incisions. The 2nd midline group (2nd M group) included those who underwent 
procedures utilizing a midline incision. 
AST, aspartate aminotransferase; PHLF, post-hepatectomy liver failure; VAS, 
visual analog scale; POD, postoperative day. 

a [median, (range)]. 
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surgical field of view. Additionally, detachment of the left lobe promotes 
liver mobilization, allowing the organ to rotate around the IVC. 

We compared the 1st and 2nd Era groups using an ITT protocol, 
changing only the surgical procedure selection policies without modi-
fying surgery indications. We found that overall pain scores improved 
following the implementation of the policy changes. This improvement 
may have been due to the fact that hepatectomy using a midline incision 
avoids cutting of the rectus abdominis muscle; therefore, an increase in 
midline incision utilization would reduce the overall pain associated 
with rectus abdominis manipulation. However, high postoperative AST 
levels and potential brute force associated with midline incision use may 
be the disadvantages of this policy change. 

Comparisons between the 1st L and 2 nd M groups allowed for 
clarification of advantages and disadvantages associated with the use of 
a midline incision, thereby allowing us to distinguish the effects of the 
new treatment policy since there were no differences in postoperative 
results between the two groups, even after propensity score matching. 
We also found that postoperative pain associated with midline incision 
procedures was comparatively lower, and differences in postoperative 
maximum AST levels were not observed in this analysis, contrary to the 
ITT analysis results. Therefore, this analysis did not allow us to deter-
mine whether liver damage was associated with liver excision in right- 
sided hepatectomy procedures utilizing a small midline incision. 

Laparoscopic surgery was found to be advantageous with regard to 
hospital stay period and decreased bleeding. Further, laparoscopic sur-
gery cases tended to recover faster. Therefore, it is advantageous to 
continue performing laparoscopic surgery in eligible cases. Surprisingly, 
using midline incision and laparoscopic surgery was comparable with 
regard to pain-associated outcomes. However, these results are limited 
because they were obtained through sub-analyses and background fac-
tors for both groups were not complete. Therefore, we cannot conclude 
that midline incisions are less painful than laparoscopic hepatectomy. 
Nonetheless, these results indicate that midline incisions do not signif-
icantly increase postoperative pain compared to laparoscopic 
hepatectomy. 

Risk factors associated with the intraoperative conversion of midline 
incisions to L-shaped incisions included male sex, tumor diameter, and 
overall liver damage status, likely because compared to women, men 
have a relatively deeper abdominal cavity, which would, in some cases, 

necessitate the use of an L-shaped incision to secure a visual field. Even 
in cases with a larger tumor diameter, L-shaped incisions have a higher 
probability of securing an adequate visual field. Additionally, cases with 
extensive liver damage may require L-shaped incisions for controlling 
excessive bleeding. 

In summary, we found that the use of hepatectomy through an upper 
midline incision was technically feasible and safe in patients with liver 
cancer, providing relatively decreased postoperative pain along with 
similar outcomes to hepatectomy cases utilizing conventional inverted 
L-shaped incisions. In addition, comparisons between midline incisions 
and laparoscopic surgeries found that while laparoscopic procedures 
were associated with decreased bleeding and length of hospital stays, 
midline incision procedures were associated with relatively lower 
postoperative pain levels. 

In cases where laparotomy is required for hepatectomy, midline 
incision has considerable advantages in terms of pain. Therefore, in open 
surgery, it appears better to start the surgery with a midline incision. 
However, this study found that in men, tumor diameter and liver dam-
age are risk factors of midline incision difficulty. Therefore, even if 
surgery is started with a midline incision, it may be desirable to move to 
an L-shaped incision carefully when there is such a risk factor. 

In conclusion, this retrospective study demonstrates that midline 
incision hepatectomies, while not as efficacious as laparoscopic pro-
cedures, are feasible for cases of right-sided hepatectomy and may 
provide benefits compared to procedures utilizing L-shaped incisions. 
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Table 5 
Risk factors for transition from midline to L-shaped incisions according to univariate and multivariate analyses.    

Univariate analysis Multivariate analysis 

Factors Category 2nd Era Midline 2nd Era L-shaped P-Value Odds Ratio 95% CI P-Value 

Age <75 71 (66%) 47 (71%) 0.40    
≥75 38 (34%) 19 (29%)    

Sex Male 76 (70%) 60 (90%) <0.01 3.36 1.22–9.26 <0.05 
Female 33 (30%) 6 (10%) 

BMI <23 55 (50%) 22 (33%) <0.05 1.87 0.91–3.82 0.08 
≥23 54 (50%) 44 (67%) 

Tumor size <30 mm 73 (67%) 20 (30%) <0.01 4.5 2.11–9.58 <0.01 
≥30 mm 36 (33%) 46 (70%) 

Tumor number Single 71 (65%) 33 (50%) <0.05 1.51 0.74–3.07 0.25 
Multiple 38 (35%) 33 (50%) 

Posterior resection Yes 53 (49%) 40(61%) 0.12    
No 56 (51%) 26 (39%)    

Excision range Anatomical 86 (79%) 57 (86%) 0.20    
Limited 23 (21%) 9 (14%)    

Liver Cirrhosis Present 22 (20%) 12 (18%) 0.74    
Absent 87 (80%) 54 (82%)    

HBV Positive 15 (14%) 6 (10%) 0.35    
Negative 94 (86%) 60 (90%)    

HCV Positive 59 (54%) 21 (32%) <0.01 1.95 0.92–4.10 0.07 
Negative 50 (46%) 45 (68%) 

Liver damage A 89 (82%) 45 (68%) <0.05 2.43 1.05–5.58 <0.05 
B 20 (18%) 21 (32%) 

Type of Hx Major 9 (8%) 13 (20%) <0.05 1.26 0.44–3.59 0.65 
Minor 100 (92%) 53 (80%) 

*BMI, Body mass index; HBV, hepatitis B Virus; HCV, hepatitis C virus; CI, confidence interval. 
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