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Abstract

Purpose The aim of this study was to compare the clinical outcomes between laparoscopic partial liver resection and open
partial hepatectomy for tumors in the posterosuperior segments.

Methods The clinical outcomes of patients who underwent either laparoscopic (n=20) or open (n=44) resection in segments
7/8 of the liver were initially evaluated. Because of disparities in the background characteristics, a case-matched study (1:1)
was conducted. In addition, a comparative study of the patients who met the institutional criteria for laparoscopic partial
hepatectomy was performed.

Results In the case-matched study, the laparoscopic technique required a longer operation time (p=0.001), but was associated
with less intraoperative blood loss (p=0.021), a lower incidence of major complications (p =0.014), higher levels of serum
albumin on postoperative days 3 and 7 (p=0.031 and p =0.035), and earlier discharge (p =0.001) than open resection. The
results of the latter study were similar to those of the case-matched analysis.

Conclusions Laparoscopic partial hepatectomy was a feasible procedure for treating tumors in the posterosuperior segments
without compromising oncological safety and yielded better short-term outcomes than open techniques. In addition, this

study provides concrete selection criteria for laparoscopic partial hepatectomy for difficult lesions.

Keywords Laparoscopic liver resection - Laparoscopic partial liver resection - Laparoscopic partial hepatectomy -
Parenchyma-preserving liver resection - Posterosuperior segments

Introduction

Nowadays, laparoscopic liver resection (LLR) is applied
for tumors located in the entire area of the liver and has
become one of the standard treatments for liver resection of
the antero-lateral segments and left lateral sectionectomy
[1-3]. However, laparoscopic resection of tumors located in
the posterosuperior (PS) segments of the liver (segments 7
and 8 according to Couinaud’s classification) is still consid-
ered technically challenging due to difficulty in establishing
a sufficiently clear operative field to identify safe resection
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margins and secure hemostasis [4, 5], although some reports
of laparoscopic hepatectomy for PS lesions have emerged
from centers specialized in performing laparoscopic liver
resection [2, 3, 6-12].

For resection of tumors located in the PS segments, con-
ventional open liver resection (OLR) requires a large inci-
sion to facilitate mobilization of the right hepatic lobe and
to gain access to the target area, even when the tumor size
is small. In contrast, LLR for the PS segments of the liver
does not require a large skin incision for mobilization and
extraction of the specimen. In addition, laparoscopic partial
liver resection, i.e., laparoscopic wedge resection or non-
anatomical resection, has been advocated as one of the most
appropriate approaches for colorectal liver metastasis, due
to its ability to preserve the remnant liver function and vol-
ume thus making it possible to perform repeat liver resec-
tion [13]. Therefore, we suspected that laparoscopic partial
hepatectomy in segment 7 or 8 would be strongly associated


http://crossmark.crossref.org/dialog/?doi=10.1007/s00595-018-1719-7&domain=pdf

Surgery Today (2019) 49:214-223

215

with better intraoperative and postoperative outcomes than
an open approach without compromising oncological results.

This retrospective analysis was designed to compare the
perioperative outcomes of laparoscopic partial hepatectomy
with open partial hepatectomy in the PS part of the liver.
To minimize the influence of potential confounders, we
conducted a case-matched analysis based on preoperative
variables. In addition, a comparative analysis using our insti-
tutional indications for laparoscopic partial liver resection
as selection criteria was performed.

Methods
Patients and study design

Patients were identified from a prospectively maintained
database at the Department of Surgery, Tohoku University
Hospital. From January 2010, when LLR was introduced
at our institution, to July 2016, a total of 479 liver resec-
tion surgeries were performed (Fig. 1). The Japanese health
insurance system covered laparoscopic partial hepatectomy
and laparoscopic left lateral sectionectomy from April 2010,
and before that we had performed LLR as an advanced medi-
cal treatment. From the cohort of 479 patients, 217 patients
who underwent hepatectomy for bile duct carcinoma or
hepatolithiasis were excluded. The charts of the remain-
ing 262 patients were reviewed, and 122 and 76 cases were
excluded because the patients underwent anatomical liver
resection and partial liver resection not involving segments
7 or 8, respectively. Following this screening process, the
perioperative and postoperative outcomes of 64 patients (20
patients in the LLR group and 44 patients in the OLR group)
were retrospectively examined.

During this study period, we performed 68 laparoscopic
partial hepatectomies and all of the patients who underwent
LLR for the PS segments were included in this study. Two
cases that converted to open surgery due to severe adhe-
sion identified intraoperatively and unmanageable bleeding
from the right hepatic vein (one each) were also included
in the LLR group. Indications for LLR were determined at
a hepatobiliary surgeons’ meeting preoperatively, but were
inconsistent because this period included a learning curve.
All laparoscopic procedures were performed by the same
surgical team (TM, MI, and TT).

As there were some discrepancies in the background fac-
tors, 20 patients in the LLR group were matched with 20
patients in the OLR group based on the following periop-
erative variables: age, sex, number of resected tumors, and
maximum tumor diameter. In addition, to validate our recent
criteria for laparoscopic partial liver resection, we also per-
formed a further analysis of patients who met our recent
institutional criteria (16 LLR patients and 19 OLR patients).
The indication for laparoscopic partial liver resection in our
institution at present is as follows: tumor diameter <5 cm,
tumor location <3 cm from the surface of the liver, and <3
tumors; our exclusion criteria are location in proximity to
the hepatic hilum or inferior vena cava, the need for bile duct
resection and lymph node dissection, and severe peritoneal
adhesions identified on a preoperative ultrasound examina-
tion. The preoperative liver function was not used as a spe-
cific indicator when selecting the surgical approach.

The following variables were used in our analysis: rel-
evant descriptive characteristics of patients, including age,
sex, body mass index (BMI), history of laparotomy and
liver resection, and preoperative physical status score by the
American Society of Anesthesiologists (ASA) classification;
clinicopathological information, including the diagnosis and

Fig. 1 Flowchart of patient
selection

Liver resections performed from January 2010 to July 2016
(n =479)

Liver resections performed for liver tumors
(n =262)

Liver resection not for liver tumors (n=217)
Anatomical liver resection (n=122)
S7/8 tumor not included (n=76)

Partial liver resections for S7/8 tumors.
(n=64)
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diameter and number of tumors, as well as the preopera-
tive laboratory test results for viral hepatitis, total bilirubin,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), albumin, platelet count, prothrombin time, and indo-
cyanine green retention rate at 15 min; intraoperative data,
including concurrent surgical procedures, operation time,
volume of blood loss, blood transfusion rate, and negative
surgical margin; postoperative course, including the time to
ambulation, restoration of oral ingestion, length of hospital
stay, morbidity, major complications, mortality, and read-
mission rate; and postoperative laboratory data, including
total bilirubin, AST, ALT, albumin, and platelet counts on
postoperative days 1, 3, and 7. Complications were defined
as any events that occurred in the hospital or within 90 days
after surgery, and major complications were defined as those
scored > IIla under the Clavien—Dindo (CD) classification
[14]. The surgical margin was defined as microscopically
negative (RO) if tumor cells were not identified along the
periphery of the resected specimen.

The present study was approved by the Institutional
Review Board of Tohoku University (2016-1-748), and
informed consent for this study was waived because of the
retrospective nature.

Operative technique for OLR and LLR

Open and laparoscopic partial hepatectomy was performed
under general and epidural anesthesia. For OLR, a right
subcostal J-shaped incision was made with the patient in
a supine position. For LLR, the patient was placed on the
left, semi-lateral side in a reverse Trendelenburg position.
After creating an initial 12-mm port at the umbilicus or right
upper quadrants, pneumoperitoneum was established and
maintained at a pressure < 12 mmHg. The abdominal cav-
ity was thoroughly examined and four additional 12-mm
ports were placed into the subcostal area. Accessing the PS
segments required transection of the ligaments around the
liver, such as the falciform ligament and the right triangular
ligament, and mobilization of the right hepatic lobe from
the diaphragm to allow us to pull down and rotate the liver.
Frequently, the right adrenal gland was also exposed. The
mobilization of the right lobe of the liver in OLR was identi-
cal to that in LLR.

An intraoperative ultrasound examination was routinely
performed for both OLR and LLR to identify the location
and surgical characteristics of the tumors and to confirm
the surgical boundaries. Parenchymal transection for OLR
was performed using an ultrasonic surgical aspirator (CUSA
Excel; Integra Lifescience, Plainsboro, NJ, USA), and for
LLR, the surface of the liver was dissected using laparo-
scopic coagulating shears, with deeper parenchymal dissec-
tion being performed using a laparoscopic ultrasonic surgi-
cal aspirator. As a precaution in case of abrupt hemorrhaging
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during the parenchymal transection, inflow occlusion, known
as the Pringle’s maneuver, was performed for both. Bleed-
ing from small branches of the hepatic veins was controlled
by sutures and ligature for OLR and clipping for LLR, and
monopolar soft-mode coagulation with hemostatic forceps
was used for both procedures. In the laparoscopic approach,
after resection of the targeted liver tissue was performed, one
of the trocar sites was extended for extraction of a retrieval
bag into which the specimen was inserted. A closed drain
was placed, as necessary, and the wound was approximated
in layers and closed with sutures.

Statistical analyses

For descriptive purposes, the mean + standard deviation was
calculated for normally distributed continuous variables and
the median (range) for non-normally distributed continu-
ous variables, while categorical variables were expressed
as proportions. Between-group differences were evaluated
using the Chi-square test or Fisher’s exact test for categorical
variables, as appropriate for the distribution of values, and
Student’s ¢ test or Mann—Whitney U test, again as appropri-
ate for the distribution of values, for continuous variables.
The survival was calculated from the date of hepatectomy,
estimated using the Kaplan—-Meier method, and compared
between the groups using the log-rank test. All analyses
were performed using the JMP pro 13 software program
(SAS Institute Inc., Cary, NC, USA), with the level of sig-
nificance for all tests set at p <0.05.

Results
Analyses of all 64 patients

Descriptive information of all of the patients in this study is
shown in Table 1. This cohort had 44 males with a median
age of 64 years and a median maximum tumor diameter of
20 mm. The median number of tumors was 1, and partial
liver resection was performed most frequently for metastatic
liver tumors in each group. In between-group comparisons
of descriptive variables, basic descriptive variables (age,
sex, BMI), the pathological diagnosis, and laboratory data
were comparable. A history of liver resection was more fre-
quent for patients in the OLR group than in the LLR group,
although this difference did not reach statistical significance.
The number of tumors in the OLR group was significantly
higher than that in the LLR group (p =0.033). The intra- and
postoperative outcomes are shown in Table 2. The average
operation time was 330+ 115 min, and the operation time
of the LLR group was significantly longer than that of the
OLR group (p <0.001). In contrast, the median intraopera-
tive blood loss was 512.5 g, and the laparoscopic approach
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Table 1 Demographic and Total (n=64)  LLR (n=20) OLR (n=44) P value
clinical variables of all the
patients Descriptive variables
Age (years)" 64 (15-84) 65 (43-84) 63.5 (15-84) 0.421
Sex (male/female) 44/20 14/6 30/14 0.884
Body mass index” 229 (17.3-36.4) 23.5(19-29) 22.6(17.3-36.4) 0.192
Viral hepatitis 14 (21.9%) 5(25.0%) 9 (20.5%) 0.686
History of laparotomy 45 (70.3%) 13 (65.0%) 32 (72.7%) 0.534
History of liver resection 11 (17.2%) 1(5.0%) 10 (22.7%) 0.057
ASA score 1 19(29.7%) 4 (20.0%) 15 (34.1%) 0.493
2 40 (62.5%) 14 (70.0%) 22 (59.1%)
3 5(7.8%) 2 (10.0%) 3 (6.8%)
Number of tumors’ 1(1-13) 1(1-6) 2 (1-13) 0.033
Maximum tumor diameter (mm)’ 20 (5-75) 23 (10-75) 20 (5-70) 0.472
Pathological diagnosis 0.431
Liver metastases 43 (67.2%) 13 (65.0%) 30 (68.2%)
Hepatocellular carcinoma 18 (28.1%) 5 (25.0%) 13 (29.6%)
Benign tumors 2(3.1%) 1(5.0%) 1(12.3%)
Cholangiocellular carcinoma 1(1.6%) 1(5.0%) 0 (0.0%)
Laboratory data
Total bilirubin (mg/dL)" 0.7 (0.4-1.7) 0.7 (0.5-1.6) 0.7 (0.4-1.7) 0.567
AST (IU/L)T 23.5 (12-79) 23 (12-55) 24 (14-79) 0.591
ALT (IU/L)' 19.5 (8-98) 21.5 (8-83) 19 (9-98) 0.901
Albumin (g/dL)* 4.0+0.46 4.1+0.52 4.0+0.45 0.454
Platelet count (10°/uL)" 189.5 (74-417) 186 (93—417) 191 (74-381) 0.733
Prothrombin time (%) 108 (70.4-120) 109 (88-120)  108.5(70.4-120) 0.430
ICG-R15 (%) 9.3 (1.6-32.5) 9.1 (1.6-32.5) 9.4 (2.1-20.8) 0.614

Values with parenthesis mean number and percentages unless indicated otherwise; fdata expressed as the

median (range)

ASA score American Society of Anesthesiologists classification of the physcal status score, AST aspartate
aminotransferase, ALT alanine aminotransferase, /CG-R15 indocyanine green retention rate at 15 min, LLR
laparoscopic liver resection, OLR open liver resection

Data expressed as the mean + standard deviation

Bold represents significant difference

was associated with less blood loss than open resection
(p=0.024). However, there was no marked difference in
the blood transfusion rate or RO resection rate between the
groups.

Regarding the postoperative course, the median time to
restarting ambulation, restored oral ingestion, and discharge
from the hospital was 2, 2, and 12 days, respectively, and the
use of the laparoscopic technique was associated with earlier
ambulation (p=0.013) and earlier postoperative discharge
(»=0.002) than open resection.

Twenty-one patients experienced postoperative complica-
tions, and 7 developed major complications. The incidence
of complications was comparable between the groups, but
the rate of major complications in the OLR group was sig-
nificantly higher than that in the LLR group. These major
complications were managed conservatively in six patients,
and one patient with intra-abdominal hemorrhaging required
reoperation for peritoneal drainage. The rate of hospital

readmission was not a significant factor for either group,
and two patients were readmitted to the hospital five and
eight days after discharge due to an intra-abdominal abscess
and pleural effusion, respectively.

Regarding the long-term outcomes, the 5-year over-
all survival (OS) was 81.7%, and the 5-year recurrence-
free survival (RFS) was 52.8% with a median follow-up
period of 39.0 (0.4-85.7) months. There were no signifi-
cant differences in the 5-year OS (OLR vs. LLR: 85.6% vs.
80.8%, p=0.839) or RFS (OLR vs. LLR: 66.1% vs. 46.8%,
p=0.267) between the groups (Figs. 2, 3).

Analyses of the matched patients
The basic descriptive variables, pathological diagnoses, and
laboratory examinations of 40 patients were well matched

(Table 3). In particular, the number of resected tumors,
which was significantly different between the two groups in
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Table 2 Perioperative data of

h Total (n=64) LLR (n=20) OLR (n=44) P value
all the patients
Intraoperative outcomes
Concurrent procedures 19 (29.7%) 7 (35.0%) 12 (27.3%) 0.534
Operation time (min)* 330+115 414 +£126 293+ 88 <0.001
Intraoperative blood loss (g)+ 512.5 (10-4160) 318 (10-2205) 535 (10-4160) 0.024
Blood transfusion 7 (10.9%) 2 (10.0%) 5(11.4%) 0.870
RO resection 56 (87.5%) 18 (90.0%) 38 (86.4%) 0.678
Postoperative course
Morbidity 21 (32.8%) 4 (20.0%) 17 (38.6%) 0.131
Morbidity (>CD Grade Illa) 7 (10.9%) 0 (0.0%) 7 (15.9%) 0.018
Bile leakage 3 (4.7%) 0 (0.0%) 3 (6.8%)
Intra-abdominal abscess 3 (4.7%) 0 (0.0%) 3 (6.8%)
Pleural effusion 2 (3.1%) 0 (0.0%) 2 (4.5%)
Wound infection 2 (3.1%) 0 (0.0%) 2 (4.5%)
Intra-abdominal hemorrhaging 1(1.6%) 0 (0.0%) 1(2.3%)
Portal vein thrombosis 1(1.6%) 0 (0.0%) 1(2.3%)
Time to ambulation (days)T 2 (1-4) 1(1-3) 2 (1-4) 0.013
Restoration of oral intake (days)T 2 (1-3) 2 (1-3) 2 (1-3) 0.159
Postoperative hospital stay (days)+ 12 (6-80) 9.5 (6-19) 13 (7-80) 0.002
Readmission rate 2(3.1%) 0 (0.0%) 2 (4.6%) 0.216

Values with parenthesis mean number and percentages unless indicated otherwise; fdata expressed as the
median (range) and fdata expressed as the mean + standard deviation

CD Clavien—Dindo classification, LLR laparoscopic liver resection, OLR open liver resection

Bold represents significant difference
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Fig.2 A comparison of the overall survival between laparoscopic
partial liver resection and an open procedure

the full analysis set, was comparable between the LLR and
OLR groups in this analysis. The intra- and postoperative
outcomes of this cohort are shown in Table 4. The opera-
tion time was significantly longer and the intraoperative
blood loss significantly lower in the LLR group than in the
OLR group (p=0.001, and p=0.021, respectively), con-
sistent with the results of the overall analysis. Open partial
hepatectomy was associated with significantly more major
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Fig.3 A comparison of the recurrence-free survival between laparo-
scopic partial liver resection and an open procedure

complications than the laparoscopic approach, although
there was no significant difference in the overall morbidity
between the groups. Regarding the postoperative course, the
postoperative hospital stay in the LLR group was signifi-
cantly shorter than that in the OLR group, and the median
between-group difference in the hospital stay was 4.5 days.
Table 5 summarizes the postoperative changes in the results
of biochemical examinations. There were no significant
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Table3 Demographic and LLR (n=20) OLR (n=20) P value
clinical variables in the matched
analysis Descriptive variables
Age (years)+ 64 (43-84) 65.5 (39-84) 0.978
Sex (male/female) 14/6 14/6 1.000
Body mass index” 23.4 (19-29) 22.9(18.2-36.4) 0.665
Viral hepatitis 5(25.0%) 5(25.0%) 1.000
History of laparotomy 13 (65.0%) 14 (70.0%) 0.735
History of liver resection 1(5.0%) 5 (25.0%) 0.065
ASA score 1 4(20.0%) 4(20.0%) 0.887
14 (70.0%) 13 (65.0%)
3 2 (10.0%) 3 (15.0%)
Number of resected tumors’ 1(1-6) 1(1-9) 0.933
Maximum tumor diameter (mm)* 23 (10-75) 21 (10-65) 0.693
Pathological diagnosis 0.319
Liver metastasis 13 (65.0%) 12 (60.0%)
Hepatocellular carcinoma 5 (25.0%) 8 (60.0%)
Benign tumor 1(5.0%) 0 (0.0%)
Cholangiocellular carcinoma 1(5.0%) 0 (0.0%)
Laboratory data
Total bilirubin (mg/dL)" 0.7 (0.5-1.6) 0.7 (0.4-1.4) 0.359
AST (IU/L)T 23.5 (12-55) 27 (14-79) 0416
ALT (IU/L)' 21.5 (8-83) 24.5 (9-98) 0.578
Albumin (g/dL)* 4.05+0.51 3.81+0.51 0.168
Platelet count (10°/uL)" 186 (93-417) 182 (106-340) 0.797
Prothrombin time (%) 109 (88-120) 109.3 (70.4-120) 0.298
ICG-R15 (%) 9.1 (1.6-32.5) 9.7 2.9-15.7) 0.667

Values with parenthesis mean number and percentages unless indicated otherwise

ASA score American Society of Anesthesiologists classification of the physical status score, AST aspartate
aminotransferase, ALT alanine aminotransferase, /CG-R15 indocyanine green retention rate at 15 min, LLR
laparoscopic liver resection, OLR open liver resection

fData expressed as the median (range)

Data expressed as the mean + standard deviation

differences between groups in the total bilirubin, AST, ALT,
and platelet counts at any time point. However, the serum
albumin levels on postoperative days 3 and 7 in the LLR
group were significantly higher than those in the OLR group.

Analyses of the patients consistent
with institutional criteria

Thirty-five patients (16 LLR patients and 19 OLR patients)
have so far met the indications for laparoscopic partial liver
resection at our institution and comparative analyses were
performed of this cohort. No significant differences were
observed between the groups regarding the basic descriptive
variables, pathological diagnoses, and laboratory examina-
tions (data not shown). The operation time was significantly
longer and the intraoperative blood loss significantly less
in the LLR group than the OLR group, consistent with the
results of the case-matched analysis (Table 6). In addition,

the blood transfusion rate was significantly higher in the
OLR group than in the LLR group. LLR was associated with
a lower rate of major complications and a shorter hospital
stay, and the serum albumin levels on postoperative days 3
and 7 in the LLR group were also significantly higher than
those in the OLR group (3.2 +0.36 vs. 2.8 +0.41, p=0.005,
and 3.4 +0.14 vs. 3.0+0.13, p=0.023), respectively. These
results also resembled those in the case-matched analysis.

Discussion

Laparoscopic hepatectomy has emerged as a treatment of
choice in liver surgery, and while its spread was initially
slow [5], the number of procedures performed has increased
exponentially with advances in laparoscopic devices and
surgical experience, making LLR now one of the standard
approaches to liver surgery [1]. Many studies have found that
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Table 4 Perioperative outcomes
in the matched analysis

LLR (n=20) OLR (n=20) P value
Intraoperative outcomes
Concurrent procedures 7 (35.0%) 4 (20.0%) 0.285
Operation time (min)* 414+ 126 287+103 0.001
Intraoperative blood loss (g)+ 317.5 (10-2205) 694 (10-4160) 0.021
Blood transfusion 2 (10.0%) 4 (20.0%) 0.371
RO resection 18 (90.0%) 18 (90.0%) 1.000
Postoperative course
Morbidity 4 (20.0%) 8 (40.0%) 0.164
Morbidity (>CD Grade IlIa) 0 (0.0%) 4 (20.0%) 0.014
Time to ambulation (days) 1(1-3) 2 (1-4) 0.084
Restoration of oral intake (days)’ 2 (1-2) 2 (1-3) 0.080
Postoperative hospital stay (days)" 9.5 (6-19) 14 (9-80) 0.001
Readmission rate 0 (0.0%) 1(5.0%) 0.234

Values with parenthesis mean number and percentages unless indicated otherwise

CD Clavien—Dindo classification, LLR laparoscopic liver resection, OLR open liver resection

Bold represents significant difference

"Data expressed as the median (range)

Data expressed as the mean + standard deviation

Table 5 Postoperative changes in blood examinations in the matched
analysis

LLR (n=20) OLR (n=20) P value

Total bilirubin (mg/dL)"

1POD 1.0 (0.6-3.5) 1.1 (0.5-1.8) 0.881

3POD 1.1 (0.6-2.7) 0.9 (0.4-2.0) 0.258

7POD 0.7 (0.4-1.9) 0.7 (0.3-2.1) 0.690
AST (U/L)*

1POD 397.5 (62-1185) 394.5 (77-937) 0.473

3POD 113 (32-570) 92.5 (23-333) 0.255

7POD 26.5 (15-86) 27.5 (13-50) 0.481
ALT (IU/L)

1POD 350.5 (68-1435) 371 (47-1076) 0.665

3POD 221 (12-1062) 211 (35-547) 0.409

7POD 75.5 (13-300) 66.5 (16-174) 0.818
Albumin (g/dL)*

1POD 2.93+0.31 2.82+0.27 0.243

3POD 3.18+0.34 2.91+0.42 0.031

7POD 3.33+0.47 3.01+0.46 0.035
Platelet count (103/|1L)Jr

1POD 145.5 (61-301) 134.5 (94-314) 0.755

3POD 132.5 (75-374) 130 (77-275) 0.665

7POD 202.5 (111-436) 198.5 (114-499) 0.989

Values with parenthesis mean number and percentages unless indi-
cated otherwise

AST aspartate aminotransferase, ALT alanine aminotransferase, POD
postoperative day, LLR laparoscopic liver resection, OLR open liver
resection

Bold represents significant difference
"Data expressed as the median (range)

Data expressed as the mean + standard deviation
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laparoscopic hepatectomy was associated with less intraop-
erative blood loss, a shorter hospital stay, and comparable
oncological and financial outcomes compared with open
hepatectomy [2, 5, 13, 15-17]. In addition, some compara-
tive studies have reported that LLR of tumors in the PS seg-
ments is superior to OLR in terms of intraoperative blood
loss [6, 8, 9], complication rate [8, 11], and postoperative
hospital stay [6, 8, 10, 11]. Laparoscopic partial liver resec-
tion for the PS segments poses some difficulties in making a
curvilinear resection surface and in controlling bleeding, as
the costal margin and right hepatic lobe hinder the establish-
ment of a safe operative field and the movement of laparo-
scopic instruments [11, 18]. For this reason, LLR tends to
be adopted for major or anatomical liver resection in the PS
segments, even if the tumor size is equivalent to that in the
anterolateral segment [2, 7, 8, 12]. However, at our institu-
tion, partial liver resection has mainly been adopted accord-
ing to a parenchyma-preserving policy for liver neoplastic
lesions [9, 13], especially for liver metastases of colorectal
cancer, and this policy has also been applied to laparoscopic
hepatectomy for difficult lesions. We therefore investigated
the clinical results of laparoscopic partial hepatectomy in the
PS segments compared with the open approach.

In our case-matched study, we demonstrated that some
clinical outcomes of LLR, such as intraoperative blood loss,
major complication rate, and hospital stay, were superior
to those with OLR for tumors located in the PS segments.
However, few studies have compared laparoscopic partial
liver resection with the conventional open approach in the
PS segments. Bueno et al. [6] reported that laparoscopic
partial liver resection of the PS segments was associated
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Table 6 Perioperatiye outcomes LLR (n=16) OLR (n=19) P value

of the patients consistent with

institutional criteria Intraoperative outcomes
Concurrent procedures 4 (25.0%) 5(26.3%) 0.929
Operation time (min)* 401 +130 251+79 <0.001
Intraoperative blood loss (g)';“ 210 (10-950) 530 (10-4160) 0.014
Blood transfusion 0 (0.0%) 3(15.8%) 0.048
RO resection 16 (100.0%) 18 (94.7%) 0.264

Postoperative course

Morbidity 2 (12.5%) 7 (36.8%) 0.092
Morbidity (> CD Grade Illa) 0 (0.0%) 4 (21.1%) 0.021
Time to ambulation (days) 1(1-2) 2 (1-4) 0.053
Restoration of oral intake (days)’ 2 (1-2) 2 (1-3) 0.268
Postoperative hospital stay (days)" 9 (6-13) 13 (9-80) 0.001
Readmission rate 0 (0.0%) 1(5.3%) 0.264

Values with parenthesis mean number and percentages unless indicated otherwise

CD Clavien—Dindo classification, LLR laparoscopic liver resection, OLR open liver resection

Bold represents significant difference

"Data expressed as the median (range) and *data expressed as the mean + standard deviation

with a smaller number of total complications, a hemoglobin
decrease of <2 g/dL, and a length of stay < 5 days; however,
they did not describe in detail the perioperative outcomes
of these patients. Sruderi et al. [11] performed a propen-
sity score-matched analysis between laparoscopic and open
resection of the PS segments of the liver and found that LLR
was associated with a lower complication rate, shorter dura-
tion of analgesia, and shorter hospital stay than OLR, results
that were similar to our own.

The operation time was significantly longer for the lapa-
roscopic procedure than the open procedure in the present
study, although several studies have reported equivalent
operation times between open and laparoscopic liver sur-
gery [8, 13, 17]. One possible reason for the longer opera-
tion time in the LLR group was that the data used in this
analysis were obtained when LLR was first introduced at
our institution. Alternatively, the aforementioned technical
problems associated with LLR in the PS segments may
be involved. It was also reported that laparoscopic partial
liver resection in segments 7 and 8 is sometimes more
difficult than laparoscopic anatomical resection [11]. Solu-
tions for shortening the operation time for laparoscopic
resection of tumors located in the PS segments include the
use of intercostal trocars and placing the patient in a semi-
prone position [18-20]. The surgical outcome will likely
be improved further when these solutions are implemented
in our institution. Regardless, we were able to perform
LLR with less blood loss than that with OLR, reflecting
the technical and surgical advantages of the laparoscopic
approach, such as improved visualization and magnifi-
cation followed by meticulous dissection and decreased
venous 0ozing under pneumoperitoneum pressure [35, 8§,

17]. In addition, the blood transfusion rate in the LLR
group tended to be lower than that in the OLR group in
the case-matched study and was significantly lower in the
comparative study limited to the patients compatible with
current indications. Blood transfusion has been reported
to be associated with a poor prognosis in hepatocellular
carcinoma patients [21] and infectious complications after
hepatectomy [22], and a decrease in blood transfusion
leads to the conservation of blood resources. Therefore,
the benefits of a reduced blood loss outweigh the longer
operation time associated with LLR.

The rate of major complications was also significantly
lower in the LLR group than in the OLR group, which likely
reflects the more precise resection of the target area with
LLR. In addition, the overall analysis showed that ambu-
lation was achieved earlier in the LLR group than in the
OLR group, undoubtedly due to the reduced surgery-related
trauma to the abdominal wall. We also demonstrated higher
postoperative serum concentrations of albumin using the
laparoscopic approach. Xiang et al. reported that the post-
operative levels of serum albumin in patients who under-
went LLR in the PS segments were comparable to those
in the anterolateral segments, although the operation time
was significantly longer and the intraoperative blood loss
significantly greater in the PS group than in the anterolat-
eral segment group [12]. Therefore, the improvement in the
nutritional status after LLR is assumed to result from the
decreased surgical trauma and earlier return of the physical
function. Reduced blood loss, a decreased risk for postop-
erative complications, and an improved nutritional status
eventually lead to a significantly shortened hospitalization
for patients in the LLR group compared to the OLR group.
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A major concern with LLR for malignant liver tumors
is the risk of inadequate oncologic resection. In this study,
the RO resection rates for the LLR and OLR groups were
comparable, confirming the findings of a comparable tumor
margin status and long-term survival rate for the two proce-
dures in other studies [2, 5, 8, 9, 17]. Furthermore, although
various types of tumors were included, the OS and RFS were
comparable between the LLR and OLR groups in the full
analysis set. Laparoscopic surgery also provides specific
benefits for cancer patients, including improved tolerance
for repeated hepatectomy and earlier access to adjuvant
chemotherapy due to the earlier postoperative recovery [3,
5, 10, 23]. Multi-institutional trials are required to confirm
whether or not LLR for malignant tumors results in a better
prognosis than OLR.

We also conducted an analysis using our institution’s cur-
rent indications for laparoscopic partial liver resection as
selection criteria. In this analysis, LLR resulted in better
clinical outcomes than OLR, showing that these indications
capitalized on the advantages of LLR over OLR. We have
added tumor depth from the liver surface to these criteria,
although most studies have used surgical adaptation crite-
ria of tumor size, number, and location. Okuno et al. [10]
reported that surgeons tended to perform OLR for tumors
located at a depth of >3 cm in the PS segments. Therefore,
our criteria, including a tumor depth of <3 cm from the liver
surface, appear reasonable for determining patients suitable
for laparoscopic partial liver resection and may be used as
the criteria for future studies to further clarify the superiority
of laparoscopic partial liver resection over OLR.

There are several limitations that must be considered
when applying our outcomes to practice, including the fact
that this study was retrospective and not randomized. Fur-
thermore, this is an analysis of a small number of patients
from a single institution, and all LLR procedures were per-
formed by a single surgical team. Moreover, some selection
bias will exist because the selection criteria for LLR have
broadened over time, although we performed a case-matched
analysis to minimize potential confounders. While we were
unable to reach robust conclusions, we were still able to
demonstrate the feasibility of laparoscopic partial liver
resection in the PS segments with technical and oncologi-
cal safety under a parenchyma-preserving policy.

Conclusions

The present findings indicate that, for well-selected
patients, laparoscopic partial hepatectomy is a safe and
feasible procedure for resecting liver tumors in the PS
segments without jeopardizing the oncological integrity.
Compared to an open procedure, laparoscopic techniques
yielded better short-term outcomes, including less intra-
operative blood loss, a lower rate of major complications,
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higher postoperative levels of serum albumin, and an ear-
lier discharge. Furthermore, our study provides concrete
selection criteria for laparoscopic partial liver resection to
treat difficult lesions.
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