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Abstract

Background—Laparoscopic resection (LLR) of colorectal liver metastases (CRLM) located in
the posterosuperior liver (segments 4a, 7, and 8) is challenging but has become more practical
recently due to progress in operative technique. We aimed to compare tumor-specific,
perioperative and short-term oncological outcomes after LLR and open liver resection (OLR) for
CRLM.

Methods—~Patients who underwent curative resection of CRLM with at least 1 tumor in
posterosuperior liver during 2012—-2015 were analyzed. Tumor-specific factors associated with
adoption of LLR were analyzed by logistic regression model. One-to-one propensity score
matching was used to match baseline characteristics between patients with LLR and OLR.

Results—The original cohort included 30 patients with LLR and 239 with OLR. Median follow-
up time was 23.8 months. Logistic regression analysis showed that multiple, diameter =30 mm,
deep location, and closeness to major vessels were associated with OLR. None of 24 patients with
none or 1 of these factors were converted from LLR to OLR. After matching, 29 patients with
LLR and 29 with OLR were analyzed. The 2 groups had similar preoperative factors. The LLR
and OLR groups did not differ with respect to operative time, intraoperative bleeding, incidence of
blood transfusion, surgical margin positivity, incidence of postoperative complications, and
unplanned readmission within 45 days. Median length of postoperative hospital stay was
significantly shorter for LLR vs. OLR (4 days [1-12] vs. 5 days [4-18]; p=0.0003). Median
recurrence-free survival was similar for patients who underwent LLR vs. OLR (10.6 months for
LLR vs. 13.4 months for OLR; p=0.87).

Conclusions—Compared to OLR, LLR of posterosuperior CRLM is associated with
significantly shorter postoperative hospital stay but otherwise similar perioperative and short-term

Address for Correspondence: Claudius Conrad, M.D., Ph.D., Assistant Professor, The University of Texas MD Anderson Cancer
Center, Div. of Surgery/Dept. of Surgical Oncology, Hepato-Pancreato-Biliary Surgery, 1400 Pressler, Unit 1484, FCT17.5046,
Houston, TX 77030, U.S.A., [Office Direct: +1 (713) 745-1499] — [Fax: (713) 792-0722], [ cconradl@mdanderson.org].

Conflictsof Interest:
Drs. Okuno, Gourmand, Mizuno, Omichi, Tzeng, Chun, Aloia, Fleming, Lee, Vauthey, and Conrad have no conflicts of interest or
financial ties to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Okuno et al. Page 2

oncological outcomes. Tumor-specific factors associated with safe and routine LLR approach
despite challenging location are superficial, solitary, and small (<30mm) CRLM not associated
with major vessels.
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Introduction

Liver resection is the standard therapy for patients with colorectal liver metastases (CRLM)
and the only potentially curative treatment approach. The 5-year overall survival rate after
resection of CRLM has been reported to be 33% to 55% [1-4], whereas the median overall
survival time of patients with untreated CRLM is less than 1 year [5].

CRLM can be resected using an open or laparoscopic approach. Laparoscopic liver resection
(LLR) was first reported in the early 1990s, and use of this procedure has steadily increased
since then [6,7]. Previous studies have reported benefits of LLR over open liver resection
(OLR), including decreased blood loss, shorter length of hospital stay, and decreased overall
morbidity [8,9]. For resection of CRLM, studies have shown that LLR results in superior
perioperative outcomes and similar oncological outcomes (recurrence-free and overall
survival) in selected patients compared to OLR [10-13]. Although the International
Consensus Conference held in 2014 in Morioka, Japan, concluded that minor LLR had
become a standard procedure [14], the difficulty of LLR varies with anatomic tumor location
[15].

LLR for tumors located in the posterosuperior liver (segments 4a, 7, and 8) in particular has
been considered especially challenging because of the limited surgical view and restricted
handling of laparoscopic instruments as shown in Fig. 1 [16,17]. However, recent progress in
operative technique, including the introduction of transthoracic port placement, has reduced
the difficulty of LLR of tumors in the posterosuperior liver [18]. A prior study examined the
perioperative course and oncological outcome after LLR vs. OLR of hepatocellular
carcinoma (HCC) located in posterosuperior segments, and demonstrated superior outcomes
for LLR with regards to length of hospital stay, postoperative complications, and blood loss;
oncologic outcomes were similar to those following OLR [19]. To our knowledge, no
previous study has directly compared LLR to OLR of only CRLM located in the
posterosuperior liver in terms of the operative and postoperative course and oncological
outcome.

The purpose of this study was to identify tumor-specific factors associated with adoption of
LLR for CRLM in the posterosuperior liver, and to evaluate the operative and short-term
oncological outcomes after LLR and OLR of CRLM in the posterosuperior liver using
propensity score (PS) matching analysis.
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This study was approved by the Institutional Review Board of The University of Texas MD
Anderson Cancer Center. Patients who underwent liver resection for CRLM at MD
Anderson Cancer Center from January 2012 through December 2015 were identified from
an institutional database. Patients who underwent 2-stage hepatectomy or non-curative
resection were excluded, as were patients with missing data. For the remaining patients, we
reviewed computed tomography and magnetic resonance imaging scans to identify the
location of CRLM in the liver, including depth, relation to major blood vessels, and
distribution. Patients with at least 1 tumor in posterosuperior segments (segments 4a, 7, and
8) were included in the analysis.

A tumor was considered deep when the center of the tumor was located more than 30 mm
from the liver surface. If at least 1 tumor existed close to a main or second branch of portal
triad, major hepatic veins, or the inferior vena cava, we defined the tumor as adjacent to a
major vessel. LLR included pure LLR, hand-assisted LLR, and LLR converted to OLR.
Major resection was defined as liver resection including 3 or more liver segments. A positive
surgical margin was defined as a tumor-free margin narrower than 1 mm [20]. Postoperative
complication within 90 days after surgery was classified using Clavien-Dindo classification
[21]. Unplanned readmission was defined as readmission within 45 days after discharge due
to all causes [22]. Postoperative mortality was death within 90 days after surgery [23]. RAS
mutation status, whether wild-type or mutant, was determined by a sample from primary
tumor or CRLM. Single mutations in the various codons of KRAS and NRAS were reported
as RAS mutations.

Surgical procedure

Most indications for surgical resection were determined at a multidisciplinary tumor board
with the decision to perform LLR or OLR at the discretion of the operating surgeon. During
both LLR and OLR, tumor location was evaluated using intraoperative ultrasonography. In
pure LLR, a 12-mm trocar was placed in the right upper quadrant as the first port. Additional
ports (at least 3) were placed in appropriate locations below the costal arch. When a
transthoracic port was needed to obtain adequate surgical visualization, a balloon-tipped
trocar was inserted though the intercostal space and through the diaphragm. The liver
transection was performed using bipolar forceps and ultrasonic shears. In hand-assisted
LLR, a blunt trocar was used to generate a supraumbilical port as the first port. After
intraabdominal evaluation, trocars were placed at the left upper quadrant and right
midabdomen, and a 7-cm incision was made in the right subcostal position to serve as a
hand port. Liver parenchymal dissection was performed with an ultrasonic surgical aspirator
and ultrasonic shears. In OLR, parenchymal transection was performed with 2-surgeon
technique using an ultrasonic surgical aspirator and saline-linked cautery under total or
selective hepatic inflow occlusion [24]. An enhanced recovery program was systematically
available and applied at the discretion of the surgeon [25].

Surg Endosc. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Okuno et al.

PS matching

Page 4

We used PS matching to minimize differences in baseline characteristics between the
patients who underwent LLR and those who underwent OLR. The PS was calculated by
using a logistic regression model including variables that were considered to be directly
associated with either undergoing LLR or undergoing OLR. The following valuables were
included to establish the model: age, sex, body mass index, American Society of
Anesthesiologists (ASA) score, RAS status, primary tumor location, primary lymph node
metastases, timing of metastases, tumor number, largest tumor diameter, extrahepatic
metastases, tumor location (depth and relation to major blood vessels), extent of liver
resection, repeated hepatectomy, preoperative portal vein embolization, resection with
radiofrequency ablation, and preoperative chemotherapy. After PS generation, patients
treated with LLR and those treated with OLR underwent 1:1 nearest available matching of
the logit of the propensity score with a caliper width of 0.20 of the standard deviation of the
score. When both LLR patients and OLR patients did not meet matching criteria, these
patients were excluded.

Statistical analysis

Results

Data were analyzed using Wilcoxon signed-rank test, 2 test, or Fisher’s exact test where
appropriate. Recurrence-free survival and overall survival were calculated from the date of
hepatectomy and estimated using the Kaplan—-Meier method. The log-rank test was used to
compare survival curves. A multivariate analysis based on the logistic regression model was
used to identify the factors associated with adoption of LLR. All variables with a p value of
less than 0.10 in univariate analysis were included in the logistic regression model for
multivariate analysis. All tests were 2-tailed, and p<0.05 was considered significant. All
statistical computations were performed using JMP pro 12.1 software (SAS Institute Inc.,
Cary, NC); PS matching was performed using the JMP add-in program.

Patient characteristics

A total of 269 patients were included in the study (Fig. 2). Within this cohort, 30 patients
(11.2%) underwent LLR, and 239 patients (88.8%) underwent OLR. Before evaluating the
PS-matched data, we compared the patient characteristics between the LLR group and the
OLR group (Table 1). The proportion of patients with ASA score of 3 or greater was
significantly greater in the LLR group than in the OLR group. Patients who underwent OLR
had significantly more tumors and larger tumors than patients who underwent LLR.
Compared to patients who underwent OLR, those who underwent LLR had higher
incidences of superficial location tumor, tumor away from major vessels, unilobar tumors,
and minor hepatectomy. An enhanced recovery program was applied to 10 of the 30 patients
(33%) who underwent LLR and 44 of the 239 patients (18.4%) who underwent OLR
(p=0.08) (Table 1).
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Details of LLR

Of the 30 patients who underwent LLR, 19 (63%) underwent pure LLR and 11 (37%)
underwent hand-assisted LLR. Four patients (13%) had LLR performed using a
transthoracic approach [26,27]; all 4 had pure LLR. Four patients (13%) had conversion to
OLR, including 3 patients with unfavorable tumor location and 1 with insufficient resection
margin. Four patients (13%) who underwent LLR had major hepatectomy, and 2 patients
who underwent LLR (7%) had repeated hepatectomy for intrahepatic recurrence (Table 1).
No patient who underwent LLR underwent vascular reconstruction due of concomitant
resection of major vessels.

Tumor- specific factors for LLR

To identify the tumor-specific factors associated with surgeons’ decision to perform either
LLR or OLR, logistic regression analysis was performed using only preoperative tumor
factors. In multivariate analysis, multiple tumors (odds ratio (OR): 2.78, p=0.039) and tumor
diameter =30 mm (OR: 5.54, p=0.0017) were the independent factors associated with OLR.
Although not statistically significant, deep location of the tumor (OR: 2.54, p=0.09) and
tumor abutting major vessels (OR: 2.8, p=0.07) were also associated with OLR (Table 2).
Six patients treated with LLR had 2 or more of these 4 factors, and 4 patients of them were
converted to OLR. None of 24 patients with 0 or 1 of these 4 factors experienced conversion
to OLR.

PS-matched patient characteristics

The 1:1 PS-matched cohort comprised 29 patients who underwent LLR and 29 who
underwent OLR. One patient in the initial LLR cohort did not match the patient in the OLR
group and was excluded from the analysis. The differences in patient characteristics between
the LLR and OLR groups in the original cohort analysis were alleviated after matching
(Table 3). An enhanced recovery program was applied to 10 patients (34%) who underwent
LLR and 6 patients (21%) who underwent OLR (p=0.38).

Perioperative outcomes

Perioperative outcomes after PS matching are shown in Table 4. Length of hospital stay was
significantly shorter in the LLR group (median: 4 days, range: 1-12 days) than in the OLR
group (median: 5 days, range: 4-18 days) (p=0.0003). Other perioperative factors, including
operative time, blood loss, incidence of blood transfusion, surgical margin positivity,
incidence of overall and major (Clavien-Dindo 3 and over) postoperative complications, and
rate of unplanned postoperative readmission, were similar between the groups. No death
within 90 days after hepatectomy was observed in either group.

Oncological outcome

The median follow-up period for all 269 patients in the overall cohort was 23.8 months, with
24.2 months for the OLR group and 18.7 months for the LLR group individually. After PS
matching, median follow-up period was 23.8 months for the OLR group and 22.8 months for
the LLR group. One-year and 2-year recurrence-free survival rates and median recurrence-
free survival time were 49.9%, 39.5%, and 10.6 months in the LLR group and 53.8%,
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41.4%, and 13.4 months in the OLR group, respectively. There were no significant
differences in recurrence-free survival between the groups (p=0.87) (Fig. 3). One-year and
2-year overall survival rates were 100% and 94.1% in the LLR group and 100% and 95% in
the OLR group, respectively. Although the follow-up period was not sufficient for
evaluation, no significant difference was observed in overall survival between the groups
(p=0.57).

Discussion

This study of patients with CRLM located in the posterosuperior liver (segments 4a, 7, and
8) who were treated with LLR compared to a propensity-matched group of patients who
underwent OLR found that length of hospital stay was significantly shorter in the patients
who had LLR and that other perioperative factors, as well as recurrence-free and overall
survival, were similar in the two groups.

Previous studies have compared perioperative outcomes after LLR and OLR in patients with
CRLM, and many of those studies reported that LLR was associated with shorter hospital
stay, a lower rate of postoperative complications, and a lower incidence of blood transfusion
[10,11,13,28]. Other studies have compared oncological outcome after LLR and OLR in
patients with CRLM, and all have identified equivalent outcomes [11,13,12,29,28].
However, those studies were not specifically focused on CRLM located in the
posterosuperior liver, an anatomically and technically challenging location for LLR.

The results of the current study are reflective of previous studies that examined perioperative
and oncological outcomes after LLR of HCC or other tumor types [30,31,19]. Several
previous studies have evaluated the perioperative and oncological outcomes after LLR of
HCC located in posterosuperior segments, demonstrating that this procedure is feasible and
is associated with oncological outcomes similar to those found after LLR of HCC located in
the anterolateral liver [31,30]. Xiao et al. directly compared LLR and OLR of HCC in
posterosuperior segments and found that LLR was associated with lower blood loss, a lower
incidence of postoperative complications, and shorter hospital stay as well as with similar
oncological outcomes [19].

Recently several studies have determined that transthoracic port placement for LLR of liver
tumors located in posterosuperior segments can permit excellent visualization and a
sufficient workspace [18,32,26,33]. As described by Ogiso et al. [26], we considered deep
tumor location, cranial location, large diameter, and proximity to major vessels to be
especially important considerations favoring intercostal port placement, and permitting LLR
even for tumors located in posterosuperior segments (Fig. 1b and c¢). Therefore, we applied
transthoracic port placement to the selected group of patients (13.3% of those undergoing
liver resection) described herein.

Our results for the overall patient group before PS matching provide insight into surgeons’
decisions to perform OLR or LLR. The patients treated with OLR had more tumors, larger
tumors, and a higher incidence of bilobar tumors, indicating higher liver tumor burden.
Additionally, a larger proportions of patients treated with OLR had unfavorable tumor

Surg Endosc. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Okuno et al.

Page 7

location—i.e., deep tumor(s), or a location adjacent to major vessels. These results may help
explain the fact that the rate of major resection was higher among patients who underwent
OLR. We found that only 13% of patients with LLR, compared to 54% of those with OLR,
had a major resection. This means that surgeons can accurately select patients for
laparoscopic liver resection for tumors located in the posterosuperior liver based on
preoperatively identifiable factors. Our result also showed that tumors >30mm, multiple,
deeply and adjacent to major vessels located CRLM were factors associated with OLR.
Among the patients treated with LLR, none of the patients with 0 or 1 of these 4 factors had
to be converted to OLR. In contrast, 4 of 6 patients who had 2 or more of these 4 factors
were converted to OLR. These results suggest the accurate identification of patients who are
good candidates for LLR based on preoperative available factors. Interestingly, 97% of
patient with LLR but only 77% of those with OLR had high preoperative risk (ASA score
>3). When tumors are located in the posterosuperior liver, OLR usually requires a muscle-
cutting incision (subcostal or transverse L-shape incision), even in the case of a limited,
partial hepatectomy. As these incisions have been reported to be associated with higher rates
of postoperative infectious complications and pleural effusion [34,35], knowledge of the risk
associated with these incisions in high-risk patients may in part explain the lower incidence
of patients with ASA score =3 in the OLR group.

The main limitation of this study relates to generalizability of the findings. Our LLR group
included few patients with deep tumors, tumors adjacent to major vessels, or bilobar tumors.
Therefore, after PS matching, both the LLR group and the OLR group had relatively low
tumor burden, which generally requires limited partial hepatectomy without the need to
employ advanced surgical techniques such as segmental resection or vascular reconstruction.
Thus, our results apply only to the limited group of patients with relatively low tumor
burden. To evaluate the feasibility and efficacy of LLR for CRLM with high tumor burden
located in posterosuperior segments, careful patient selection and additional investigation
will be needed. Secondly, the study is comprised of a relatively small cohort with short-term
follow up period, non-randomized stratification and retrospective analysis. Thirdly, there
was a statistically non-significant higher incidence of patients treated with an enhanced
recovery program in the LLR group. This might affect the shorter length of hospital stay
although, as stated above, this difference was not statistically significant. Further, above-
mentioned limitations were effectively addressed using PS matching for comparison of the
survival between both groups. Additionally, although the follow up period was short, it may
be sufficient to evaluate recurrence-free survival since 70% of recurrences develop within 2
years after hepatectomy [36].

In conclusion, we evaluated the perioperative and short-term oncologic outcomes after LLR
and OLR of CRLM located in the posterosuperior liver. Our results found that compared to
OLR, LLR was associated with shorter hospital stay and similar oncologic outcome when
patients are accurately stratified to OLR vs. LLR. Even if the CRLM are located in the
posterosuperior liver, if solitary, less than 30mm, in a superficial location and not abutting
major vessels, they can be excellent candidates for LLR.
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Fig. 1.
(a) Posterosuperior segments of the liver (segments 4a, 7, 8) are located cranial to the costal

arch. (b) Sagittal view: the liver fulcrum impacts access to inferior tumors less (c) Sagittal
view: Liver fulcrum and costal arch prevent optimal access to the posterosuperior liver.
Shaded area shows posterosuperior segments.
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Table 1
Patient characteristics of overall cohort

Characteristic L aparoscopic resection (n=30) Open resection (N=239) p

Age, median (range), y 55 (27-79) 54 (27-78) 0.46

Sex Female 16 (53.3) 103 (43.1) 0.33
Male 14 (46.7) 136 (56.9)

BMI, median (range), kg/m? 27.2 (19.9-40.3) 27.6 (16.4-54.7) 0.98

ASA <3 1(3.3) 54 (22.6) 0.01
>3 29 (96.7) 185 (77.4)

RAS status Wild-type 15 (50.0) 95 (39.8) 0.32
Mutant 9 (30.0) 106 (44.3)
Unknown 9 (30.0) 38 (15.9)

Primary tumor location Colon 25 (83.3) 182 (76.2) 0.49
Rectum 5(16.7) 57 (23.8)

Primary lymph node metastases Absent 8 (26.7) 86 (35.0) 0.41
Present 22 (73.3) 153 (64.0)

Timing of metastases Metachronous 11 (36.7) 54 (22.6) 0.11
Synchronous 19 (63.3) 185 (77.4)

Tumor number, median (range) 1(1-5) 2 (1-41) <0.0001

Largest tumor diameter, median (range), mm 15.5 (1.6-60) 26 (1-180) <0.0001

Extrahepatic metastases Absent 27 (90.0) 202 (84.5) 0.59
Present 3(10.0) 37 (15.5)

Tumor location Superficial 25(83.3) 108 (45.2) <0.0001
Deep 5 (16.7) 131 (54.8)

Tumor located at segment 1 No 30 (100) 222 (92.9) 0.23
Yes 0(0) 17 (7.1)

Tumor adjacent to major vessels No 26 (86.7) 127 (53.1) 0.0003
Yes 4(13.3) 112 (46.9)

Tumor distribution Unilobar 24 (80.0) 139 (58.2) 0.028
Bilobar 6 (20.0) 100 (41.8)

Extent of resection Minor 26 (86.7) 109 (45.6) <0.0001
Major 4(13.3) 130 (54.4)

Hepatectomy concomitant with primary resection  No 27 (90.0) 215 (90.0) 0.99
Yes 3(10.0) 24 (10.0)

Repeated hepatectomy No 28(93.3) 214 (89.5) 0.75
Yes 2(6.7) 25 (10.5)

Preoperative PVE No 29 (96.7) 219 (91.6) 0.49
Yes 1(3.3) 20 (8.4)

Resection with RFA No 30 (100) 217 (90.8) 0.15
Yes 0(0) 22(9.2)

Pre-hepatectomy chemotherapy No 5(16.7) 17 (7.1) 0.08
Yes 25 (83.3) 222 (92.9)
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Characteristic L aparoscopic resection (n=30) Open resection (N=239) p
Application of ERAS program No 20 (66.7) 195 (81.6) 0.08
Yes 10 (33.3) 44 (18.4)

ASA, American Society of Anesthesiologists; BMI, body mass index; ERAS, enhanced recovery after surgery; PVE, portal vein embolization;
RFA, radiofrequency ablation.
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Table 3
Patient characteristics after matching

Characteristic L aparoscopic resection (n=29)  Open resection (N=29) p

Age, median (range), y 54 (29-78) 54 (33-70) 0.94

Sex Female 15 (51.7) 14 (48.3) 1.00
Male 14 (48.3) 15 (51.7)

BMI, median (range), kg/m? 27.6 (19.9-40.3) 29.0 (18.6-34.9) 0.79

ASA <3 1(3.5) 0 (0) 1.00
>3 28 (96.5) 29 (100)

RAS status Wild-type 14 (48.3) 14 (48.3) 0.74
Mutant 9 (31.0) 11 (37.9)
Unknown 6 (20.7) 4 (13.8)

Primary tumor location Colon 24 (82.8) 23 (79.3) 1.00
Rectum 5(17.2) 6(20.7)

Primary lymph node metastases Absent 8 (27.6) 10 (34.5) 0.78
Present 21 (72.4) 19 (65.5)

Timing of metastases Metachronous 11 (37.9) 10 (34.5) 1.00
Synchronous 18 (62.1) 19 (65.5)

Tumor number, median (range) 1(1-5) 1(1-4) 0.52

Largest tumor diameter, median (range), mm 16 (1.6-60) 17 (2-50) 0.74

Extrahepatic metastases Absent 26 (89.7) 26 (89.7) 1.00
Present 3(10.3) 3(10.3)

Tumor location Superficial 24 (82.8) 23(79.3) 1.00
Deep 5(17.2) 6 (20.7)

Tumor located at segment 1 No 0 (0) 0 (0) 1.00
Yes 29 (100) 29 (100)

Tumor adjacent to major vessels No 25 (86.2) 23 (79.3) 0.73
Yes 4(13.8) 6 (20.7)

Tumor distribution Unilobar 23(79.3) 24 (82.8) 1.00
Bilobar 6 (20.7) 5(17.2)

Extent of resection Minor 25 (86.2) 26 (89.7) 1.00
Major 4(13.8) 3(10.3)

Hepatectomy concomitant with primary resection  No 26 (89.7) 24 (82.8) 0.45
Yes 3(10.3) 5(17.2)

Repeated hepatectomy No 27(93.1) 27 (93.1) 1.00
Yes 2(6.9) 2(6.9)

Preoperative PVE No 28 (96.5) 28 (96.5) 1.00
Yes 1(3.5) 1(3.5)

Resection with RFA No 29 (100) 29 (100) 1.00
Yes 0(0) 0(0)

Pre-hepatectomy chemotherapy No 4(13.8) 4(13.8) 1.00
Yes 25 (86.2) 25 (86.2)
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Characteristic L aparoscopic resection (n=29)  Open resection (N=29) p
Application of ERAS program No 19 (65.2) 23 (79.3) 0.38
Yes 10 (34.5) 6 (20.7)

ASA, American Society of Anesthesiologists; BMI, body mass index; ERAS, enhanced recovery after surgery; PVE, portal vein embolization;
RFA, radiofrequency ablation.
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Perioperative outcomes after matching

Table 4

Page 19

Outcome L aparoscopic resection (n=29)  Open resection (N=29) p

Operative time, median (range), min 217 (62-586) 251 (90-465) 0.34

Blood loss, median (range), ml 100 (10-800) 150 (30-1300) 0.21

Blood transfusion No 28 (96.5) 29 (100) 1.00
Yes 1(3.5) 0 (0)

Surgical margin Negative 25 (86.2) 23 (79.3) 0.73
Positive 4(13.8) 6 (20.7)

Postoperative complication Absent 23(79.3) 17 (58.6) 0.16
Present 6 (20.7) 12 (41.4)

Postoperative complication, Clavien-Dindo grade =3 ~ Absent 26 (89.7) 27(93.1) 1.00
Present 3(10.3) 2 (6.9)

Length of stay, median (range), d 4 (1-12) 5 (4-18) 0.0003

Unplanned readmission <45 days No 26 (89.7) 26 (89.7) 1.00
Yes 3(10.3) 3(10.3)

Postoperative death <90 days No 29 (100) 29 (100) 1.00
Yes 0(0) 0(0)
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