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Abstract

Aim: This study aimed to elucidate the effects of laparoscopic liver resection (LLR)
vs open liver resection (OLR) for major complications (Clavien-Dindo classification
grade 2 llla) in obese individuals with hepatocellular carcinoma (HCC).

Methods: The clinical records of 339 and 733 patients who underwent LLR and OLR,
respectively, for HCC between 2000 and 2019 were retrospectively reviewed. Body
mass index (BMI) groups were classified according to the definitions of the World
Health Organization: underweight group, BMI < 18.4 kg/m2 (LLR vs OLR: 27 vs 47);
normal weight, BMI 18.5-24.9 kg/m? (211 vs 483); overweight, BMI 25.0-29.9 kg/m?
(85 vs 181); and obese, BMI = 30.0 kg/m2 (16 vs 22). The effects of obesity on major
complications after LLR and OLR were investigated.

Results: In total, 18 (5.3%) and 127 (17.3%) patients presented with major complica-
tions after LLR and OLR, respectively. There was no significant difference in the inci-
dence of major complications after OLR in the four BMI groups. However, a stepwise
decrease in the incidence of major complications after LLR was observed from the
underweight to the obese group. In addition, a multivariate analysis revealed that
increased BMI was an independent preventive factor for major complications after
LLR (P = .026, odds ratio: 0.84). The estimated adjusted risk of major postoperative
complications decreased with increased BMI in the LLR group, while the risk did not
decrease in the OLR group (P for interaction = .048).

Conclusion: Laparoscopic liver resection is beneficial for obese patients and is supe-
rior to OLR.

KEYWORDS
body mass index, hepatectomy, laparoscopic liver resection, obesity, postoperative

complication
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1 | INTRODUCTION

The prevalence of obesity and its associated diseases is still in-
creasing worldwide. The prevalence of obesity (body mass index
[BMI] of 230 kg/m?) is 40% in the United States® and approximately
20% in Europe.2 In Japan, obesity is defined by a BMI of 225 kg/
m2.% As of 2018, 32.2% of men and 21.9% of women of 220 years
of age were classified as obese.* Obesity is correlated with comor-
bidities and technical difficulties in surgery and is considered a risk
factor for postoperative complications in several surgical fields.>®
Furthermore, several reports have shown that obese patients are
at high risk of developing hepatocellular carcinoma (HCC).”® Thus,
a higher prevalence of obesity and expansion of the indications for
liver resection could increase the number of liver resection pro-
cedures among obese patients with HCC in the future. Obesity is
associated with an increased risk of postoperative morbidity in in-
dividuals undergoing open liver resection (OLR).>!® Recently, lap-
aroscopic liver resection (LLR) has been widely performed and is
correlated with low morbidity and mortality.'*'? However, the su-
periority of LLR to OLR was not evaluated according to BMI. Thus,
previous reports cannot support the efficacy and safety of LLR for
obese individuals.*3

The current study investigated the effects of obesity on major
complications (2grade llla based on the Clavien-Dindo classification
system?®) after LLR and OLR for HCC based on BMI (from under-
weight to obese). Moreover, the superiority of LLR to OLR in terms

of major postoperative complications based on BMI was evaluated.

2 | MATERIALS AND METHODS
2.1 | Study design and participants

In total, 1072 consecutive patients with HCC who underwent liver
resection in our department between January 2000 and December
2019 were included in this study. Patient's height and weight were
assessed preoperatively, and BMI was calculated as weight in kilo-
grams (kg) divided by height in meters squared (m?). The patients
were allocated to one of four groups based on BMI, as defined by the
World Health Organization®: underweight group, BMI of <18.4 kg/
m?; normal weight group, 18.5 < BMI < 24.9 kg/m?% overweight
group, 25.0 < BMI £ 29.9 kg/mz; and obesity group, BMI of 230.0 kg/
m?2. The local institutional review board of our institution approved
this study (registration no. 1646).

2.2 | Surgical procedure

In total, 923 and 149 patients who underwent their first and second
hepatic procedure, respectively, were included in the analysis. LLR
was performed on 339 patients (LLR group) and OLR on 733 patients
(OLR group). As described in our previous study on OLR,* in most

patients who underwent segmentectomy or more, after Glissonean

sheath transection or clamping, an ultrasonic surgical aspirator was
used for hepatic dissection during total or unilateral clamping of the
hepatic vascular inflow. In the majority of patients who underwent
partial hepatic resection, as resection of less than a segmentectomy,
an ultrasonic surgical aspirator and bipolar or monopolar forceps
was utilized for hepatic dissection with the Pringle maneuver. The
major branches of the Glissonean sheath and the hepatic vein were
sutured using non-absorbent sutures. Patients who underwent LLR
were placed in supine or left-lateral decubitus position and on an
average five trocars according to tumor location were used. Hepatic
transection was performed using a laparoscopic ultrasonic surgical
aspirator and a vessel sealing system with soft coa\gulation.18 In gen-
eral, the Pringle maneuver was applied. Hand-assisted laparoscopy,
or the so-called hybrid procedure or laparoscopy-assisted resec-
tion, was performed on patients with tumors that are challenging to
evaluate via pure laparoscopy due to limited visualization and heavy
bleeding. In this study, LLR was defined as all laparoscopic surger-
ies. Further, the surgical procedures were classified into partial re-
section, segmentectomy, sectionectomy, and resection of two or
more sections according to the Brisbane 2000 Terminology of Liver

Anatomy and Resections.'’

2.3 | Indication for laparoscopic liver resection

We performed LLR for <5-cm solitary lesions located in the pe-
ripheral liver segments 2-6 according to the Louisville consensus.?°
Thereafter, we extended the indication for more difficult procedures
including major hepatectomy. However, LLR was selected according
to tumor location, types of operative procedures, tumor size, prox-

imity to major vessels, and liver function.

2.4 | Clinicopathological characteristics and
surgical outcomes

The clinical data of all patients were collected prospectively, as
shown in Table 1. The date of follow-up was on March 31, 2020.

2.5 | Definitions

Patients were diagnosed with diabetes mellitus (DM), hyperten-
sion, and dyslipidemia according to the guidelines of the Japan
Diabetes Society,?! Japanese Society of Hypertension,?? and Japan
Atherosclerosis Society,?® respectively. DM was defined as a fast-
ing plasma glucose level of 2126 mg/dL, hemoglobin Alc level of
>6.5%, or need for hypoglycemic drugs or insulin. Hypertension
was defined as a systolic blood pressure of 2140 mmHg, diastolic
blood pressure of 290 mmHg, or need for antihypertensive drugs.
Dyslipidemia was defined as a serum low-density lipoprotein choles-
terol level of 2140 mg/dL, high-density lipoprotein cholesterol level
of <40 mg/dL, and/or triglyceride level of 2150 mg/dL or a need for
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TABLE 1 Clinicopathological characteristics and surgical outcomes of laparoscopic and open liver resection in patients with

hepatocellular carcinoma (n = 1072)

Variables

BMI, kg/mz; median (range)

BMI groups, underweight/normal/
overweight/obesity, n

Age, years; median (range)

Sex, male/female, n

Laparoscopic liver

" Annals of Gastroenterological S
w2 AGSurg -

1 Ac

Open liver resection

Comorbidities and/or previous medical history, n (%)

Diabetes mellitus
Hypertension
Dyslipidemia
Ischemic heart diseases
Alcohol abuse (260 g/d), n (%)
Underlying hepatic disease, n (%)
HBV
HCV
HBV + HCV
Non-B, non-C
Pathologically confirmed cirrhosis
Laboratory tests
Total bilirubin level, mg/dL; median (range)
Albumin level, g/dL; median (range)
Prothrombin time, %; median (range)
Child-Pugh score, A/B, n
Platelet count, ><104/pL; median (range)
AST level, IU/L; median (range)
ALT level, IU/L; median (range)
Surgery-related factors, n (%)
Recurrence
Repeat liver resection
Types of liver resection
Partial resection
Segmentectomy
Sectionectomy
Resection of two or more sections
Conversion, n (%)
Operative time, min; median (range)
Volume of blood loss, mL; median (range)
Non-curative surgery
Tumor-related factors
AFP level, 2 20 ng/mL; n (%)
Tumor size, cm; median (range)
Number, solitary/multiple; n (%)

Macrovascular invasion, n (%)

Study cohort resection group group
(n=1072) (n=339) (n=733)
23.2(12.4-40.2) 23.6 (12.4-40.2) 23.0(15.0-38.2)
74/694/266/38 27/211/85/16 47/483/181/22
69 (19-87) 70(21-87) 69 (19-87)
832/240 242/97 590/143
351(32.7) 121 (35.7) 230(31.4)

525 (49.9) 183 (54.0) 342 (46.7)

196 (18.3) 79 (23.3) 117 (16.0)
51(4.8) 15 (4.4) 36(4.9)

317 (29.6) 109 (32.2) 317 (43.2)

177 (16.5) 66 (19.5) 111 (15.1)

572 (53.4) 180 (53.1) 392 (53.5)

11 (1.0) 4(1.2) 7(0.9)

310 (28.9) 89 (26.3) 223(30.4)

324 (30.2) 91 (26.8) 233(31.8)

0.7 (0.7-2.7) 0.6 (0.2-2.3) 0.7 (0.1-2.7)
4.0(2.3-5.3) 4.1(2.3-5.3) 3.9 (2.6-5.0)
93(13-147) 93 (57-144) 94 (13-147)
1035/37 710/23 325/14

14.8 (1.3-46.2) 14.0 (4.0-35.5) 15.1(1.3-46.2)
37 (11-201) 32(11-201) 39 (12-187)
31(5-270) 26 (6-166) 34 (5-270)
277 (25.8) 95 (28.0) 182 (24.8)

149 (13.9) 43(12.7) 106 (14.5)

669 (62.4) 278 (82.0) 391(53.3)

98 (9.1) 14 (4.1) 84 (11.5)

170 (15.9) 34(10.0) 136 (18.6)

135 (12.6) 13(3.8) 122 (16.6)
5(0.5) 5(1.5)

276 (75-915)
340 (0-7460)
25(2.3)

412 (38.4)
2.7 (0.4-21.0)
798/274
118(11.0)

259 (75-750)
100 (0-3025)
2(0.6)

114 (33.6)
2.2 (0.4-9.5)
286/53

17 (5.0)

276 (75-915)
500 (0-7460)
23(3.1)

298 (40.7)
3.1(0.5-21.0)
512/221

101 (13.8)

P value

.080
.357

.288
.001

162
.026
.004
728
.208

.248

101

<.001
<.001
.816
408
<.001
<.001
<.001

.267
434

<.001

<.001
<.001
.008

.028

<.001
<.001

(Continues)
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TABLE 1 (Continued)

Laparoscopic liver Open liver resection

Study cohort resection group group
Variables (n=1072) (n=339) (n=733) P value
UICC stage, n (%)
la 274 (25.6) 130 (38.3) 144 (19.6) <.001
Ib 461 (43.0) 146 (43.1) 315 (43.0)
Il 246 (22.9) 60(17.7) 186 (25.4)
Illa 44 (4.1) 1(0.3) 43(5.9)
Ilb 42 (3.9) 2(0.6) 40 (5.5)
IVa 1(0.2) 0 1(0.1)
IVb 4(0.4) 0 4(0.5)
Pathology
Poor HCC, n (%) 267 (24.9) 53 (15.6) 214 (29.1) <.001
Number, solitary/multiple; n (%) 765/307 274/65 491/242 <.001
Microvascular invasion, n (%) 337 (31.4) 76 (22.4) 261 (35.6) <.001
Postoperative complications, n (%)
Overall 329 (30.7) 59 (17.4) 270(36.8) <.001
MajorJr 145 (13.5) 18 (5.3) 127 (17.3) <.001
In-hospital death 4(0.4) 0 4(0.5) 173
Hospital stay, days; median (range) 13 (4-212) 9 (4-88) 15(5-212) <.001

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; UICC, Union for International Cancer

Control.
f>Grade Illa based on the Clavien-Dindo classification system.

lipid-lowering drugs. Regarding postoperative complications, wound
infection was defined as the presence of bacteria in the wound
exudate. Bile leakage was defined as a bilirubin concentration of at
least three times the serum bilirubin concentration in the drainage
fluid on or after postoperative day (POD) 3 or a need for radiologi-
cal or surgical intervention for biliary collection or bile peritonitis.?*
Intractable ascites was defined as drainage of 1 L/day for more than
2 days or ascites in the whole abdomen. Intractable pleural effusion
was diagnosed when thoracentesis was performed.25 Pneumonia
and atelectasis were considered respiratory complications.?® Liver
failure was defined as the presence of prolonged hyperbilirubine-
mia (total serum bilirubin concentration of <3.0 mg/dL) on or after
POD 5 and a need for fresh frozen plasma to decrease prothrom-
bin time (<50%) based on the modified definitions proposed by the
International Study Group of Liver Surgery27 and Balzan et al.?® The
severity of postoperative complications was graded according to the
Clavien-Dindo classification system.'® In this study, major complica-
tion was defined as 2grade llla based on the Clavien-Dindo classifi-

cation system.

2.6 | Outcomes

The primary outcome was the effect of BMI on major complications
after LLR and OLR. Patients who underwent LLR and OLR initially

presented with risk factors for major complications. Finally, to evalu-
ate the superiority of LLR to OLR in patients with increased BMI, the
difference in major complications between patients who underwent

LLR and OLR was analyzed via a multivariate analysis.

2.7 | Statistical analyses

Categorical variables were presented as numbers and percentages
and were compared between groups using the Fisher's exact test
or the ;(2 test, as appropriate. Continuous variables were expressed
as median (range) and were compared using the Kruskal-Wallis test.
The Holm's method?? was used to adjust P values for multiple com-
parisons of demographic variables among the different groups. We
performed the Cochran-Armitage trend test®® to assess the cat-
egorical variables and the Jonckheere-Terpstra trend test® to as-
sess the continuous variables. Univariate and multivariate logistic
regression analyses were performed to evaluate the relative risk
for major postoperative complications. A nonlinear restricted cubic
spline was contained to consider the nonlinear effect of BMI on the
risk for major postoperative complications. All statistical inferences
were assessed using a two-sided significance level of 5%, except
for the interaction (cross-product term) analysis. Variables with a P
value of <.05 in the univariate analysis (Cox's proportional hazard

model) were included in the multivariate analysis. A P value <.05
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was considered statistically significant. All statistical analyses were
performed using the Statistical Package for the Social Sciences®
software version 26.0 (IBM Corp.) and EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), which is a graphic user
interface for the R software version 3.5.1 (The R Foundation for

Statistical Computing).%?

3 | RESULTS

3.1 | Characteristics of patients who underwent
laparoscopic liver resection and open liver resection

There was no significant difference in terms of median BMI among
patients who underwent LLR and OLR (Table 1). Among the pa-
tients who underwent LLR/OLR, 27/47, 211/483, 85/181, and
16/22 patients were classified into the underweight, normal weight,
overweight, and obese groups, respectively. In the LLR group, the
proportion of female patients, patients with HT, and patients with
DL was higher when compared with the OLR group. The preopera-
tive serum concentrations of total bilirubin, albumin, aspartate ami-
notransferase (AST), and alanine aminotransferase (ALT) were better
in the LLR group than in the OLR group. However, the distribution
of the Child-Pugh scores among the two groups did not significantly
differ. The proportion of patients who underwent partial liver resec-
tion was higher in the LLR group than in the OLR group, who had a
shorter operative time and lower volume of blood loss. Based on
tumor-related factors or pathology, the OLR group had a more ad-
vanced HCC than the LLR group. The rate of incidence of overall and
major postoperative complications was lower in the LLR group than
in the OLR group, who had a shorter hospital stay.

3.2 | Clinical characteristics of patients who
underwent LLR and OLR according to BMI status

The clinicopathological characteristics of patients (n = 1072) after
LLR or OLR according to BMI are shown in Table 2. In the LLR group,
the proportion of patients with DM had a stepwise increase from
the underweight to obese group. However, there was no signifi-
cant difference in terms of other background characteristics, liver
function test results, and tumor-related factors among the four BMI
groups. Moreover, type of liver resection, operative time, and vol-
ume of blood loss did not differ among the four groups. However,
the conversion rate from laparoscopic to open surgery was high in
the underweight group (P = .014). That is, the procedure was con-
verted to open surgery in two (7.4%) patients in the underweight
group because bleeding could not be controlled due to a narrow
working space and in two patients in the normal weight and over-
weight groups because of injury in the major hepatic vein. Moreover,
in one (6.3%) patient in the obesity group, the surgery was converted
because of cancer invasion to the diaphragm (n = 1). By contrast, in

the OLR group, the proportion of patients with DM, hypertension,

A)3s5 - P=0.014
( ) 2 B Laparoscopic liver resection 31.8
(7/22)
OOpen liver resection ]
30 4
9 —
§ 25} P=1.000
g P <0.001 P=0.006
TEz 185
& 20F (58127) 170 17.0 16.6
s (8/47) (82/483) (30/181)
= ] — .
S 151
@
aQ
L
0
g 10t
S
© 4.3 4.7
= 1 (9/211) (4/85)
| 0
(0/16)
0 |

Underweight Normal weight Overweight Obesity
B
( )0.5
.§ """""""" Laparoscopic liver resection
@
% 04 — Open liver resection
E
Q
o
[
=
© 03
[
Q
]
1%}
o
o
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@
£ |
: |
>
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e \
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FIGURE 1 (A)Incidence of major postoperative complications

according to BMI in patients who underwent LLR and OLR. The
incidence of major postoperative complications had a stepwise
decrease from underweight to obese patients in the LLR group

(P =.013, Cochran-Armitage trend test, P = .037), but not in the
OLR group (P = .342). Underweight, BMI of <18.4 kg/m?; normal
weight, 18.5 kg/m? < BMI s 24.9 kg/m?; overweight, 25.0 kg/

m? < BMI < 29.9 kg/m?; and obesity, 30.0 kg/m? < BMI. BMI, body
mass index; LLR, laparoscopic liver resection; OLR, open liver
resection. *P < .01 using the Holm's method. (B) Risk of major
postoperative complications after LLR and OLR according to

BMI after adjusting for confounding variables via a multivariate
analysis. A linear line with area represents the risk (mean with
95% confidence intervals). There was no difference in terms of
the risk of major postoperative complications in patients with a
BMI of 18.5 kg/m2. However, among patients with a BMI of 25.0
and 30.0 kg/m?, the risk was lower in the LLR group than in the
OLR group. In addition, there was significant effect of interaction
between patients who underwent LLR and those who underwent
OLR according to increase in BMI value (P for interaction = .048).
BMI, body mass index; LLR, laparoscopic liver resection; OLR,
open liver resection. Major complication, 2grade llla based on the
Clavien-Dindo classification system

dyslipidemia, and non-B non-C hepatitis indicated a stepwise in-
crease from the underweight to obesity groups. There was a sig-

nificant difference in the serum concentrations of albumin, AST, and
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ALT. However, the distribution of Child-Pugh scores did not remark-

¥ ably differ among the four groups. Although there was no differ-
= SN 3 ence in the type of liver resection among the four BMI groups, the
2 N 2
o :-J' ‘: Ny 2 proportion of patients who experienced bleeding indicated a step-
E S S; 3 E § wise increase from the underweight to obesity groups. In each BMI
'ﬂ °D o . . . . .
ES § § g B § £ group, the proportion of patients who had intraoperative bleeding
> * hE: =
E = was higher in the OLR group than in the LLR group (P = .011 in the
(]
© % underweight group and P < .001 in the normal weight, overweight,
2 E - g and obesity groups).
EN 3 X3 5
a . o
5
S 3.3 | Major complications after LLR and OLR
o §¥gs e ghog g according to BMI status
S 4 H H N . oS )
o N BN N 9 QO
% 2 L3Rz 8 53R =
S| ol 50 S & 8 & o S 5 S 2 The incidence of major complications after LLR indicated a stepwise
s | @ 3 N © N % o
§ = g w g S 3 < g § S E fg decrease from the underweight to obese groups (Cochran-Armitage
] &
g E % trend test, P =.037, Figure 1A). A multiple analysis using Holm's test
Z | £ ) e indicated that the incidence in the underweight group was higher
c o = X w0 o~ o 0 © < E 3 . . g
§ e g $ g R 3 S 8 ® 5 ¢ than that in the normal weight group; however, there were no signifi-
) a o : .
O cant differences among the normal weight, overweight, and obese
é _ groups. The incidence of wound infection and intra-abdominal infec-
]
§ E = tion did not differ among the four groups, and none of the patients
w o
o <i g presented with complex venous thromboembolism (Table 3). There
o— ™ =
© S 'S -§ qg was no significant difference in the incidence of each complication
ﬁ § § ] = é; among the four BMI groups with zero in-hospital death. In patients
g = - % 5 who underwent OLR, there was no difference in the incidence of
g z g overall or major complications among the four groups (Figure 1A).
§ g ug % The incidence of wound infection and abdominal infection did not
E S g E 5 differ among the four groups, and only one (0.6%) patient in the
Q_ S + Y=
.g 45 overweight group had complex venous thromboembolism. One pa-
= § 5 tient in the underweight group and three in the normal weight group
3 .
5 S . S = a g 8 died of liver failure. In the normal weight, overweight, and obesity
s NN @ 8 35 - . - . . .
2 g & b ﬁ 3 ‘(:“ f} < a groups, the incidence of major complications was higher in patients
%) ' ! ) ! ' ' —
@ 2 — PR At & S 9 5 2 = who underwent OLR than in those who underwent LLR (under-
e [ e & o S S s o T3
5 Bl 2= % ~ o Y ® o o 29 weight group, P = .871; normal weight group, P < .001; overweight
2| =29 & ¥ 9 < S 1 © ©.5
o | g o< © <« o . R & group, P = .006; and obesity group, P < .001).
gl e =)
2| & £<
o1 & S o >
s |2 s R38R S 8 & £9
515 & o Qoo % @ 5% 3.4 | Risk factors for major complications after
Q
55 LLR and OLR
« C
T 'C
Q o
w @
:1 ; In all the cohorts including the LLR and the OLR groups, univariate
< 3 and multivariate logistic regression analyses showed that age, opera-
= QO
'§ § tive time, volume of blood loss, serum albumin concentration, and
§ g_ 8 LLR were independent predictive factors for major postoperative
3 = o > o 2
(%) ful
S S o IS ) complications (Table S1). Meanwhile, BMI was not associated with
5 S 3 o 5 ) L . .
b ’—g £ 38 8§ g(:p 2 5 4{:;_ I major postoperative complications in all the cohorts including the
2 w S E 2 8 % 2% s . .
£ § @ ° o %’ a o g ; § LLR and OLR groups. However, in the LLR group, an increased BMI
< . S - % s = = ) . .
8 E I g % ks g % = l?(" S was considered an independent favorable factor and long operative
= T & 2 4 . . . .
;L': 5 K E § §° g E § g = time was a risk factor for postoperative complications (Table 4). On
< < 2 2 90 =z B = o = = X
w % g f g 2 8 é 5 .Io_ £ é £ § the contrary, among patients who underwent OLR, BMI was not a
O = <
c_n‘ % % T 2 Z s 3 % £ 2 = g > risk for postoperative major complication; however, long operative
< o . .
- i - f: T time was a risk factor.
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After adjusting for age, sex, liver function test, and surgery- and
tumor-related factors between the LLR and OLR groups, the risk of
major postoperative complications in the LLR group decreased with
increased BMI, while that in the OLR group increased with greater
BMI (Figure 1B). In patients with a BMI of 25 and 30, but not 18.5,
kg/m?, the risk was lower in the LLR group than in the OLR group.
In addition, there was significant effect of interaction between pa-
tients who underwent LLR and those who underwent OLR according

to increase in BMlI value (P for interaction = .048, Figure 1B).

4 | DISCUSSION

Countermeasures for the depth of surgical field and large volume
of intraperitoneal fat are important in abdominal surgery, including
liver resection, in overweight and obese patients.>**# In this study,
a high BMI was associated with operative time and volume of blood
loss in the OLR group, but not in the LLR group. Despite a large skin
incision and compression of the gastrointestinal tract and greater
omentum in OLR, liver parenchyma dissection and treatment of he-
patic hilum are sometimes challenging, and this can be associated
with long operative time and large volume of blood loss. This finding
was in accordance with that of other reports.%s'38 In contrast, in
LLR, pneumoperitoneum, head up position, and high magnification—
even at deep portions in the caudal view—can provide sufficient
free space to control the forceps, even in overweight and obese pa-
tients.3”4° These conditions cannot affect operative time or volume
of blood loss in overweight and obese patients. Even after adjusting
for confounding variables, the risk of major postoperative complica-
tions was higher in overweight and obese patients (BMI of 25 and
30 kg/mz, respectively) in the OLR group than in the LLR group.
Based on these data, the physical characteristics of overweight and
obese patients can be risk factors for major complications after OLR
compared with LLR. We showed a stepwise decrease in the inci-
dence of major postoperative complications according to increasing
BMI. Hence, LLR should be recommended for eligible overweight
and obese patients to prevent major postoperative complications.
Obesity is a high-risk factor for several complications such as infec-
tions, venous thromboembolism, and respiratory complications after
OLR.194142 | this study, there was no significant difference in terms
of complications associated with OLR among the four BMI groups
despite a greater proportion of comorbidities, including DM. This
phenomenon can be attributed to controlling comorbidities before
surgery and preventing surgical site infection.*>4

Moreover, even after adjusting for confounding variables be-
tween the LLR and OLR groups, there was no difference in terms of
the incidence of major complications among underweight patients
in the LLR and OLR groups. Some studies have shown that the risk
of postoperative complications after abdominal or non-abdominal
surgery according to BMI has a reverse J-shape relationship, with
underweight and morbidly obese individuals showing the highest
rates and overweight and moderately obese individuals showing the

lowest rates.*>"#” Yu et al®® revealed that underweight patients who

underwent LLR had a higher complication rate than normal body
weight patients, which corresponded with our results. These phe-
nomena are referred to as the obesity paradox, and its cause has
not been fully elucidated. However, underweight-induced hypoalbu-
minemia, sarcopenia, frailty, malnutrition, and a poor immune func-
tion may be correlated with poor outcomes after surgery.*8">! In this
study, the albumin level was basically good because the liver func-
tion reserve (e.g. the Child-Pugh classification) was assessed before
hepatectomy. In fact, there was no difference in albumin level among
the BMI groups in patients who underwent LLR. In addition, we did
not evaluate sarcopenia or frailty; thus, we could not elucidate the
cause of the higher proportion of major complications in the under-
weight group after LLR in our own study. However, we could suggest
that sufficient operative space could be obtained during LLR, even
in overweight and obese patients, and that this was associated with
surgical safety and a decreased incidence of major complications.

The current study had several limitations. That is, it has a retro-
spective design, and the number of patients was large. Moreover, the
research was conducted at a single institution. A BMI of >40 kg/m?
was considered a risk factor for in-hospital death.’? However, none
of the patients had a BMI of >40 kg/m?. Further, LLR was safely
performed on each eligible patient. LLR and OLR have different indi-
cations according to patient and tumor characteristics, both of which
may act as independent risk factors for postoperative complications.
Nevertheless, the results of this study should be validated by per-
forming multicenter and international studies.

5 | CONCLUSION

Laparoscopic liver resection is superior to OLR in overweight and
obese patients in regard to decrease in incidences of postoperative

major complications.
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