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Background/Aim: Since the introduction of laparoscopy for liver resection in the 1990s, the
performance of laparoscopic liver resection (LLR) has been steadily increasing. However, there
is currently no data on the extent to which laparoscopy is used for liver resection. Herein, we
investigated the extent to which laparoscopy is performed in liver resection and sought to
determine whether surgeons prefer laparoscopy or laparotomy in the posterosuperior (PS)
segment.

Methods: For this retrospective observational study, we enrolled patients who had
undergone liver resection at the Samsung Medical Center between January 2020 and
December 2021. The proportion of LLR in liver resection was calculated, and the incidence and
causes of open conversion were investigated.

Results: A total of 1,095 patients were included in this study. LLR accounted for 79% of the
total liver resections. The percentage of previous hepatectomy (16.2% vs. 5.9%, P<0.001) and
maximum tumor size (median 4.8 vs. 2.8, P<0.001) were higher in the open liver resection (OLR)
group. Subgroup analysis revealed that tumor size (median 6.3 vs. 2.9, P<0.001) and surgical
extent (P<0.001) in the OLR group were larger than those in the LLR group. The most common
cause of open conversion (OC) was adhesion (57%), and all OC patients had tumors in the PS.

Conclusions: We investigated the recent preference of practical surgeons in liver resection,
and found that surgeons preferred OLR to LLR when treating a large tumor located in the PS. (J
Liver Cancer 2022;22:146-157)
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INTRODUCTION

Since the introduction of laparoscopy for liver resection in
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the 1990s, the number of laparoscopic liver resections (LLR)
has steadily increased.”* The use of this surgical technique
has recently been expanded, with further applications to liv-
ing-donor liver resection for transplantation.’ Despite this
wide application, there is controversy regarding the use of
LLR for tumors in areas (segments 1, 4a, 7, and 8) which are
difficult to resect laparoscopically.’

For tumors located in the posterosuperior (PS) segment of
the liver, the laparoscopic approach is challenging and risky

owing to limited visualization and difficulty in controlling
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bleeding.” Nevertheless, in recent years, LLR of the PS seg-
ment has been increasingly performed owing to the develop-
ment of 3-D scope and surgical instruments.”” Furthermore,
several studies have indicated that LLR has superior out-
comes than does open liver resection (OLR)."

However, to the best of our knowledge, there are no data
on the actual use of laparoscopy in liver resection. This study
therefore aimed to investigate the extent to which laparosco-
py is performed in liver resection, and to determine whether
surgeons prefer laparoscopy and laparotomy when operating
on tumors in the PS segment. In addition, the rate and causes

of open conversion (OC) in LLR were investigated.

METHODS

We conducted a retrospective observational study of pa-
tients who underwent liver resection at the Samsung Medical
Center between January 2020 and December 2021. The ex-
clusion criteria were as follows: 1) age <18 years, 2) living
donor liver resection, and 3) non-mass-forming liver resec-
tion. This study was conducted in adherence with Strength-
ening the Reporting of Observational Studies in Epidemiolo-
gy (STROBE) guidelines (Supplementary Table 1).

Data on sex, body mass index, American Society of Anes-
thesiologists (ASA) score, liver function test results, previous
surgical history, and postoperative course were collected
from medical records. Tumor data regarding histologic sub-
type, surgical margin, maximal size, multifocality, and loca-
tion were investigated through pathology records. The resec-
tion extent, cause of OC, time of OC decision, estimated
blood loss, operative time, and transfusion rate were investi-
gated through operation records. Operative techniques for
LLR have been described previously." Data on hospital stay
was collected including admission days before the actual op-
eration. Usually, the patient is admitted to the hospital 2 days
before the operation.

Proximity to the major vessels was evaluated using preop-
erative computed tomography, and the distance was calcu-
lated from the margin of the main tumor lesion to the major
vessel (main or second branches of Glisson’s tree, major he-

patic vein, and inferior vena cava).
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Liver function was evaluated using the Child-Pugh classifi-
cation.” The prior surgical history, including the number
and type of surgery, was reviewed and classified into four
types (hepatectomy, upper gastrointestinal surgery, lower
gastrointestinal surgery, genitourinary surgery). Patients who
underwent various types of surgery were prioritized and clas-
sified in the following order: hepatectomy, upper gastroin-
testinal surgery, lower gastrointestinal surgery, and genito-
urinary surgery.

The tumor locations were classified into two groups (PS
and anterolateral [AL]). The PS segment was defined as seg-
ments 1, 4a, 7, and 8, and the AL segment was defined as the
remaining segments (2, 3, 4b, 5, 6)." Patients with multiple
tumor locations were classified as having PS segments when
at least one tumor was located in the PS segment.

The extent of resection was classified into four groups:
subsegmentectomy, segmentectomy, bisegmentectomy, and
hemihepatectomy. Multiple wedge resections were classified
as subsegmentectomy.

The selection criteria for the laparoscopic approach were
surgeon-dependent. When considering LLR, the tumor loca-
tion, history of portal vein embolization, and trisectionecto-
my were not considered. The indications for OLR included a
tumor size >10 cm, except when the tumor was a peduncu-
lated type, reconstruction of a vascular or biliary conduit was
required, the tumor was close to an important vital structure
making difficult to dissect laparoscopically, the tumor had
invaded adjacent organs necessitating concomitant resection
and reconstruction, future remnant liver was <25%, and
Child-Pugh classification was class B. One surgeon per-
formed laparoscopic surgery, while the remaining three sur-
geons used both approaches. The selection criteria for LLR

. . . . 13
were described in our previous article.

Statistical analysis

Normally distributed continuous variables are shown as
meandstandard deviation, and non-normal continuous vari-
ables are expressed as median (range). Fisher’s exact test or
Pearson’s chi-square test were used to compare proportions
between groups, as deemed appropriate. For comparison of

continuous variables, normality test was performed with
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Shapiro-Wilk test. The Student’s ¢-test was used when the
normal distribution was followed, and the Mann—Whitney U
test was used for variables that were not normally distributed.
P-value <0.05 was considered statistically significant. All
analyses were performed using the R 4.0.4 software (The R

Core Team, Vienna, Austria).

RESULTS

Among 1,471 patients, 1,095 were eligible for inclusion af-
ter excluding living liver donors (n=375) and non-mass-
forming liver lesions (immunoglobulin G4-related sclerosing
cholangitis, n=1). There were 229 patients with OLR and 866
patients with LLR, and LLR accounted for 79% of total liver
resections. A flow diagram showing the selection process of

patients included in this study is given in Fig. 1.

1. Surgeon type and preference

Four surgeons participated in this study. One was a spe-
cialized liver surgeon with >20 years of experience, two were
surgeons with >10 years of experience, and the other was a
surgeon with >5 years of experience. The surgeon with more
than 20 years of experience had a higher OLR rate (97.8%)
compared to other surgeons (9.7%, 27%, and 15%, respec-

tively).

Patients received liver rsection (n=1471)

2. Comparison of characteristics between OLR
and LLR

A comparison of the characteristics of the OLR and LLR
groups is summarized in Table 1. There were no significant dif-
ferences in sex (male 73.8% vs. 71.8%, P=0.61), liver function
(Child—Pugh score A 99.1% vs. 99.7%, P=0.1), ASA score (two
79% vs. 78.5%, P=0.34), previous number of abdominal oper-
ations (P=0.079), or PS location (PS 50.7% vs. 43.4%, P=0.06)
between the two groups. However, there were significant differ-
ences in age (62.0£11.3 vs. 59.9+11.5, P=0.012), previous type
of surgery (hepatectomy 16.2% vs. 5.9%, P<0.001), and maxi-
mum tumor size (median 4.8 vs. 2.8, P<0.001).

In terms of operation-related details, the OLR group dem-
onstrated a larger surgical extent (P<0.001), longer operation
time (P<0.001), higher transfusion rate (<0.001), and lon-
ger hospital stay (P<0.001) than the LLR group.

3. Comparison between OLR and LLR in PS lo—
cation

In the analysis of patients in the PS location, there were no
significant differences in baseline characteristics, such as age,
sex, ASA, liver function, or previous surgical history. How-
ever, in terms of tumor-related characteristics, the OLR
group demonstrated a larger tumor size (median 6.3 cm vs.
2.9 cm, P<0.001) and a higher proportion of hepatocellular
carcinoma (80.2% vs. 70.5%, P=0.007) than the LLR group.

Excluded patients (n=376)
a. |gG4-related sclerosing cholangitis
(n=1)

Patients eligible for analysis (n=1095)

b. Living liver donor (n=375)

l

Laparotomy liver resection (n=229)

Laparoscopic liver resection (n=866)

Figure 1. Flow diagram showing the selection criteria. lgG4, immunoglobulin G4.
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Table 1. Comparison of characteristics between OLR and LLR

OLR (n=229) LLR (n=866) P-value
Age (years) 62.0+11.3 50.9+11.5 0.012
Sex

Male 169 (73.8) 622 (71.8)

Female 60 (26.2) 244(28.2) 0.610
BMI 241£33 24.6%3.1 0.028
ASA

1 12(5.2) 69 (8.0) 0.340

2 181 (79.0) 680 (78.5)

3 36 (15.7) 13 (13.0)

4 0(0.0) 4(0.5)

Child-Pugh score
A 227 (99.1) 864 (99.8) 0.195
B 2(0.9) 2(0.2)
Previous surgical history
Number of abdominal operation
None 153 (66.8) 624 (72.1) 0.079
1 61 (26.6) 196 (22.6)
2 939 39 (4.5)
3 6(26) 7(0.8)
Type of previous surgery
None 153 (66.8) 624 (72.1)
Hepatectomy 37 (16.2) 51(5.9) <0.001
Upper gastrointestinal surgery 18 (79) 37 (43)
Lower gastrointestinal surgery 10 (4.4) 94 (10.9)
Genito-urinary surgery 11 (4.8) 60 (6.9)
Tumor characteristics
Tumor location
Posterior superior 116 (50.7) 376 (43.4) 0.060
Anterolateral 113 (49.3) 490 (56.6)
Histologic subtype
Hepatocellular carcinoma 176 (76.9) 596 (68.8) <0.001
Cholangiocarcinoma 19(8.3) 29(3.3)
Metastatic tumor 16 (7.0) 104 (12.0)
Benign tumor 15 (6.6) 137 (15.8)
Other malignancy 3(1.3) 0(0.0)
Maximum tumor size (cm) 4.8(2.7-9.5) 8(2.0-4.5) <0.001
Number of tumor
1 175 (76.4) 725 (83.7) 0.034
2 30 (13.1) 87 (10.0)
3 13(5.7) 31(3.6)
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Table 1. Continued

OLR (n=229) LLR (n=866) P-value
>3 114.8) 23(2.7)
Operation-related characteristics
Resection extent
Subsegmentectomy 20 (8.7) 170 (19.6) <0.001
Segmentectomy 29(12.7) 166 (19.2)
Bisegmentectomy 30(13.1) 233 (26.9)
Hemihepatectomy or more 150 (65.5) 297 (34.3)
Operative time 187.0 £ 56.6 155.8 £61.0 <0.001
Estimated blood loss 300.0 (200.0-450.0) 165.0 (100.0, 300.0) <0.001
Transfusion (RBC)
Yes 18 (79) 9 (1.0)
No 211 (92.1) 857 (99.0) <0.001
Postoperative outcome
ICU stay (days) 05416 0111 0.003
Hospital stay (days) 15.348.6 9.6+8.6 <0.001

Values are presented as number (%), median (interquartile range), or mean+standard deviation.
OLR, open liver resection; LLR, laparoscopic liver resection; BMI, body mass index; ASA, American Society of Anesthesiologists; RBC, red blood

cell; ICU, intensive care unit.

Table 2. Comparison between OLR and LLR in posterosuperior location patients

OLR (n=116) LLR (n=376) P-value
Age (years) 61.2+10.5 59.9+11.5 0.235
Sex

Male 89 (76.7) 269 (71.5)

Female 27 (233) 107 (28.5) 0.329
BMI 243£33 24.6£3.1 0.303
ASA

1 6(5.2) 33(8.8) 0.585

2 93 (80.2) 292 (77.7)

3 17 (14.7) 50 (13.3)

4 0(0.0) 1(03)

Child-Pugh score
A 114 (98.3) 375(99.7) 0.140
B 2(1.7) 1(0.3)
Previous surgical history
Number of abdominal operation
None 86 (74.1) 279 (74.2) 0.266
1 23 (19.8) 76 (20.2)
2 4(34) 19 (5.1)
3 3(26) 2(05)
150
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Table 2. Continued

OLR (n=116) LLR (n=376) P-value
Type of previous surgery
None 86 (74.1) 279 (74.2)
Hepatectomy 12 (10.3) 21 (5.6) 0.083
Upper gastrointestinal surgery 6(5.2) 13(3.5)
Lower gastrointestinal surgery 4(34) 36 (9.6)
Genitourinary surgery 8(6.9) 27 (7.2)
Tumor characteristics
Histologic subtype
Hepatocellular carcinoma 93 (80.2) 265 (70.5) 0.007
Cholangiocarcinoma 5(4.3) 8(2.1)
Metastatic tumor 10 (8.6) 47 (12.5)
Benign tumor 7 (6.0) 56 (14.9)
Other malignancy 1(0.9) 0(0.0)
Maximum tumor size (cm) 6.3(3.3-10.2) 29(2.0-4.7) <0.001
Number of tumor
1 84 (724) 298 (79.3) 0.367
2 18 (15.5) 44(11.7)
3 6(5.2) 19(5.1)
>3 8(6.9) 15 (4.0)
Operation-related characteristics
Resection extent
Subsegmentectomy 6(5.2) 71(18.9) <0.001
Segmentectomy 15(12.9) 65 (17.3)
Bisegmentectomy 14 (12.1) 92 (24.5)
Hemihepatectomy or more 81 (69.8) 148 (394)
Operative time 190.6+63.4 176.2+59.0 0.031
Estimated blood loss 300.0 (150.0, 505.0) 200.0 (100.0, 300.0) <0.001
Transfusion (RBC)
Yes 10 (8.6) 6 (1.6)
No 106 (91.4) 370 (98.4) 0.001
Postoperative outcome
ICU stay (days) 04+1.3 0.2+1.6 0.096
Hospital stay (days) 13.0 (11.0-18.0) 9.0 (8.0-10.0) <0.001

Values are presented as number (%), median (interquartile range), or mean+standard deviation.
OLR, open liver resection; LLR, laparoscopic liver resection; BMI, body mass index; ASA, American Society of Anesthesiologists; RBC, red blood

cell; ICU, intensive care unit.

Similar to the whole group analysis, in the operation-relat-

ed details, the OLR group demonstrated a larger surgical ex-

tent (69.8% vs. 39.4% for hemihepatectomy or more,

P<0.001), longer operation time (190.6£63.4 minutes vs.

http://e-jlc.org

176.2459.0 minutes, P=0.031), and higher transfusion rate
(8.6% vs. 1.6%, P=0.001) than the LLR group. The details of

this comparison are summarized in Table 2.
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Table 3. Characteristics of open conversion patients in laparoscopic liver resection

Open conversion (n=14) Non-open conversion (n=852) P-value
Age (years) 59.2+12.5 509+114 0.836
Sex

Male 11 (78.6) 611 (71.7)

Female 3(214) 241 (28.3) 0.768
BMI 244144 24.6+31 0.873
ASA

1 0(0.0) 69 (8.1) 0.232

2 10 (71.4) 670 (78.6)

3 4(28.6) 109 (12.8)

4 0(0.0) 4(05)

Child-Pugh score
A 13(92.9) 851(99.9) 0.032
B 1(7.0) 1(0.0)
Previous surgical history
Number of abdominal operation
None 5(35.7) 619 (72.7) <0.001
1 3(214) 193 (22.7)
2 6429 33(39)
3 0(0.0) 7(0.8)
Type of previous surgery
None 5(35.7) 619 (72.7)
Hepatectomy 1(7.1) 50 (5.9) 0.01
Upper gastrointestinal surgery 1(7.1) 36 (4.2)
Lower gastrointestinal surgery 4 (28.6) 90 (10.6)
Genitourinary surgery 3(214) 57 (6.7)
Tumor characteristics
Tumor location
Posterior superior 12 (85.7) 364 (42.7) 0.003
Anterolateral 2(143) 488 (57.3)
Histologic subtype
Hepatocellular carcinoma 8 (57.1) 588 (69.0) 0317
Cholangiocarcinoma 0(0.0) 29 (34)
Metastatic tumor 4(28.6) 100 (11.7)
Benign tumor 2(14.3) 135 (15.8)
Maximum tumor size (cm) 6.8+8.8 39433 0.241
Number of tumor
1 8(57.1) 717 (84.2) 0.015
2 3214 8499)
3 1(7.0) 30(3.5)
>3 2(143) 21(2.5)
152
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Table 3. Continued

Open conversion (n=14) Non-open conversion (n=852) P-value
Operation-related characteristics
Resection extent
Subsegmentectomy 1(7.1) 169 (19.8) 0.629
Segmentectomy 2 (14.3) 164 (19.2)
Bisegmentectomy 5(35.7) 228 (26.8)
Hemihepatectomy or more 6 (42.9) 291 (34.2)
Operative time 24394524 154.3+60.1 <0.001
Estimated blood loss 500.0 (250.0-887.5) 150.0 (100.0-300.0) <0.001
Transfusion (RBC)
Yes 2 (14.3) 7(0.8)
No 12 (857) 845 (99.2) 0.008
Postoperative outcome
ICU stay (day) 0.5+09 01411 0114
Hospital stay (day) 12.0 (10.0-19.0) 9.0 (7.0-10.0) <0.001

Values are presented as number (%), median (interquartile range), or mean+standard deviation.
LLR, laparoscopic liver resection; BMI, body mass index; ASA, American Society of Anesthesiologists; RBC, red blood cell; ICU, intensive care unit.

4. Laparoscopic liver resection and open con—
version

Among the 866 patients who underwent LLR, 14 had OC,
and the incidence of OC was 1.6%. Comparison between the
non-OC and OC groups revealed no significant differences,
except for in liver function (Child-Pugh score B, 7.1% vs.
0.1%, P=0.032). However, in terms of previous surgical his-
tory and tumor characteristics, the OC group demonstrated
a trend towards a higher number of previous abdominal op-
erations (P<0.001), a higher proportion of previous hepatec-
tomy (P=0.009), and a higher proportion of PS location
(P=0.003). In addition, in the operation-related details, the
OC group also showed a longer operative time (243.9£52.4
minutes vs. 154.3160.1 minutes, P<0.001), larger amount of
blood loss (median 500 cc with interquartile range [IQR]
250.0-887.5 vs. median 150 cc with IQR 100-300, P<0.001),
and higher transfusion rate (14.3% vs. 0.8%, P=0.008). A
comparison of the characteristics of the OC and non-OC

groups is shown in Table 3.

5. Cause of OC

Descriptive data showing the reasons for OC are summa-

rized in Table 4. The most common cause of OC was adhe-

http://e-jlc.org

sion (n=8), followed by bleeding (n=3). The time deter-
mined for OC was less than 30 minutes in more than half of
the patients with adhesions (5/8). All the patients in the OC
group had at least one tumor located in the PS segment. Two
patients (cases 2 and 9) underwent surgery for tumors larger

than 10 cm, while 10 patients had tumors smaller than 5 cm.

DISCUSSION

With the advancement of surgical techniques, liver resec-
tion has become a safe procedure for liver tumors when per-
formed by experienced surgeons in patients with adequate
indications." In particular, LLR is considered a standard
method because of the various advantages of postoperative
outcomes in patients with tumors in areas such as the an-
terolateral segment, including S2, 3, 4b, 5, and 6, which are
easily accessible by laparoscopy.’

In contrast to the AL location of most liver tumors, PS tu-
mors are located deep below the right diaphragm and are
surrounded by the rib cage. This induces several disadvan-
tages for surgery, including poor visibility and difficult bleed-
ing control during laparoscopic surgery. Thus, over the past

decade, LLR of PS location tumors has been considered a
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Proximity to
major vessel
(vessel, mm)
RHV, 9
RHV, 22

Open
time
(min)
103
137

margin
(mm)

Surgical
19

Tumor
number

tumor size
(cm)

Maximum

4.2

Tumor
location

S6, 7
S6, 7

Details of previous
operation

transplantation

2. Graftectomy

1. Kidney

Number of
previous
operation

Cause of open
conversion

2. HCMP patient

1. Bleeding
Values are presented as number (%), median (interquartile range), or mean+standard deviation.

Bleeding

HCC

ASA  Diagnosis
HCC

Sex Age BMI
20.1
66 302 3

Case
M, male; F, female; BMI, body mass index; ASA, American Society of Anesthesiologists; HCC, hepatocellular carcinoma; CRLM, colorectal cancer liver metastasis; G-sec, cesarean section; N/A, not

applicable; MHY, middle hepatic vein; RHV, right hepatic vein; IVC, inferior vena cava; HCMP, hypertrophic cardiomyopathy.

Table 4. Continued

http://e-jlc.org

challenging and dangerous procedure, and a scoring system
has been developed to evaluate it.””” However, in recent
years, the number of LLRs performed has rapidly increased,
and with the development of flexible scopes and various sur-
gical instruments, laparoscopy for tumors located in the PS is

16-18

being actively applied.” ™ The aim of this study was to inves-
tigate the extent to which laparoscopy is actually performed
in liver resection, and to determine whether surgeons prefer
laparoscopy and laparotomy in the PS segment.

Laparoscopic liver resection was performed in 79% of pa-
tients. In the comparison between the OLR and LLR groups,
previous hepatectomy, maximum tumor size, and wide sur-
gical extent were significantly different. This suggests that
surgeons prefer OLR if patients have a previous history of
surgery in the liver, large tumors, or wide resection areas.

PS location was not an important factor in determining
surgical procedures in the whole-group analysis. However, in
the subgroup analysis of patients with a PS location, differ-
ences in the preference of surgeons according to the surgical
method were identified. For example, surgeons preferred
OLR over LLR in patients who needed to undergo hemi-
hepatectomy or more extended resection with a large tumor
in the PS location.

In our study, the incidence rate of OC during LLR (1.6%)
was lower than that reported in previous studies (4.4-
21.9%).>""* The reason for this difference is that previous
studies included patients with early LLR, and the develop-
ment of technology also influenced the results. In the details
of OC, the most common cause was adhesion. In contrast,
previous studies have reported that bleeding is the major
cause of OC.” Although the incidence was low, adhesions
have also been reported as a minor cause of OC.”"” In addi-
tion, another feature of our results was that all the OC cases
had a tumor located in the PS. This indicates that PS location
may be a risk factor for OC, although this needs to be ana-
lyzed in future studies. The location is also important in cases
with adhesions. The anterolateral location is covered by the
anterior and right lateral abdominal walls, and gastrointesti-
nal organs, including the greater omentum. These are cov-
ered with the peritoneum, and adhesiolysis can be performed

relatively easily. However, the posterolateral location was

155



@

Volume 22 Number 2, September 2022

covered with the diaphragm. Adhesiolysis of the posterolat-
eral part can be complicated by bleeding from both the dia-
phragm and the liver, and opening of the diaphragm can oc-
cur.

This study has several limitations which should be dis-
cussed. Firstly, this was a single-center retrospective study,
which limits the generalizability of the results. Additionally,
the lack of details regarding tumor characteristics, such as
proximity to major vessels or exact segment tumor location,
made it impossible to evaluate the difficulty score. In future
studies, research including the difficulty score index should
be conducted. The OLR and OC rates may be higher in data
from other centers; because of the low number of OC in our
study, we did not perform multivariate analysis to analyze
the risk factors for OLR or OC. However, these data could be
a good guide not only for surgeons, but also for oncologists,
when deciding on the treatment plan for patients with liver
malignancy.

To the best of our knowledge, this is the first study to in-
vestigate the actual preference of surgeons for surgical tech-
niques when performing liver resection. Although this study
was limited by complications inherent to the single-center
retrospective design, the results may nevertheless be helpful
to surgeons who are inexperienced with few people to turn to

for advice when deciding to perform liver resection.
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