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Outcomes of liver resection in patients with colorectal
liver metastases by laparoscopic or open surgery
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Backgrounds/Aims: Colorectal cancer is found with liver metastases about 20-25% due to characteristics of cancer
itself. Approximately 20% of liver metastases are found to be resectable. The objective of this study was to evaluate
short-term outcomes of patients who received liver resection with colorectal cancer operation in our center by laparoscopic surgery or open surgery. Methods: Short-term outcomes of laparoscopic surgery of liver resection (LSLR) group
who underwent liver resection for colorectal liver metastases (CRLM) at a single institute from 2013 to 2016 were
compared to those of open surgery of liver resection (OSLR) group. Results: A total of 123 patients underwent liver
resection for CRLM, including 101 (82.1%) patients in the OSLR group and 22 (17.9%) patients in the LSLR group.
There were significant differences in tumor characteristics between the two groups, including synchronous and metachronous (p=0.004), tumor number (p＜0.001), and tumor margin (p=0.002). For postoperative outcomes, only the
length of hospital stay (LOS) was significantly different between the two groups (8.5 days in LSLR vs. 11 days in
OSLR, p＜0.001). There was no significant difference in overall rate of postoperative complications between the two
groups (9.1% in LSLR vs. 23.8% in OSLR, p=0.158). Conclusions: There are no significant differences in postoperative
outcomes between LSLR and OSLR except LOS, liver metastasis number, and resection margin. LSLR may be favorable for highly selected patients with CRLM. (Ann Hepatobiliary Pancreat Surg 2018;22:223-230)
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INTRODUCTION

simultaneous resection of CRLM can reduce patient burden and the length of hospital stay. However, morbidity

Colorectal cancer was the third most frequent cancer in
1

can increase slightly because the surgery is a major re-

Korea in 2013. In particular, colorectal cancer is found

section and the patient may have undergone preoperative

with liver metastases in 20-25% of patients due to charac-

chemotherapy. In addition, simultaneous operation can

teristics of cancer itself. Approximately 20% of patients

only be performed in patients with resectable CRLM

2,3

with liver metastases are resectable.

7

The 5-year survival

which is a limitation. On the other hand, a staged oper-

rate for patients with resectable liver metastases has in-

ation for CRLM may lead to fewer postoperative compli-

4,5

creased to 30%-50%.

Preoperative chemotherapy can re-

cations and a better outcome. However, this has not been

duce the extent of liver metastases if they are un-

demonstrated yet. A staged operation involves two major

resectable. It might make them resectable, thus increasing

operations. This will increase the length of hospital stay

6

the survival rate of patients. Colorectal cancer research
has also enhanced chemotherapeutic regimens and increased survival rates.

4

and cost.

Laparoscopic liver surgery was first reported in 1996.

8

Since then, laparoscopic devices and techniques have been

Surgical options for colorectal liver metastasis (CRLM)

substantially improved and surgeon’s range of choice to

include simultaneous resection or a staged operation. A

perform a laparoscopic operation has also extended.
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Laparoscopic operation has been generalized to almost all

ectal cancer surgery. A simultaneous operation was our

surgeries. It has become one of standard surgical choices.

first choice if the liver metastasis was resectable. The first

Laparoscopic liver resection is also getting standardized

choice for an unresectable metastasis was colorectal can-

because of advances in ablation techniques, anesthetic

cer

techniques, and postoperative care. However, laparoscopic

Regarding the second choice, patients received neo-ad-

liver surgery is difficult for surgeons who are newly per-

juvant chemotherapy first and CRLM was then resected

forming it because it involves complex procedures and

next. In this report, we evaluated only differences in out-

anatomy with difficulties for uncontrolled hemorrhage and

comes and complications between LSLR and OSLR

9

resection

followed

by

adjuvant

chemotherapy.

a stressful learning curve to overcome. Some reports

groups. Therefore, differences between synchronous and

have shown encouraging results of laparoscopic liver

metachronous groups were not evaluated. Differences be-

resection.

9-11

Therefore, many hepatobiliary surgeons are

attempting to use this approach. These challenges have

tween simultaneous and staged operation were not evaluated neither.

been applied to living donor hepatectomy. A report has
shown that laparoscopic living donor hepatectomy is
feasible.

12

Recently, researchers have been attempting to

accomplish minimally invasive liver resection surgery.
There have been efforts to decrease incision sizes during
open surgery. Major liver resection is traditionally performed with an inverted L incision or an inverted T
incision. One study has compared minimal open surgery
with a previous large incision surgery13 and found that
minimal open surgery is feasible for the surgeon and
patient.
In this report, we evaluated short-term outcomes and
complications of patients who received liver resection for
colorectal cancer in our center using laparoscopic or open
surgical technique. This study was funded by National
Cancer Center, Korea (Grant No.1810203-1).

MATERIALS AND METHODS
Patient characteristics
A total of 123 patients underwent liver resection for
CRLM at a single institute from March 1, 2013 to June
31, 2016. We reviewed and analyzed electronic medical
records of all patients retrospectively. These patients were
divided into two groups according to whether they underwent laparoscopic surgery for liver resection (LSLR,
n=22) or open surgery for liver resection (OSLR, n=101).
All patients were diagnosed with CRLM. Ninety-seven
patients were diagnosed with liver metastasis at the same
time colorectal cancer was diagnosed by preoperative
computed tomography or magnetic resonance imaging.
The other 26 patients were diagnosed with liver metastasis
during outpatient follow-up after they underwent color-

Surgical procedure
Colorectal cancer operation was basically done laparoscopically or with open conversion or open surgery depending on cancer status. Liver resection was performed
only after colorectal surgery. OSLR incision only used an
upper midline incision. LSLR used an additional port incision because the port incision for colorectal surgery was
not suitable for laparoscopic liver resection. Additionally,
three cases were converted from LSLR to OSLR. These
cases were included in the OSLR group.
Extracorporeal Pringle maneuver was performed to reduce bleeding during liver parenchymal transection in the
LSLR procedure. An additional port was inserted in the
left lower quadrant of the abdominal wall and the hepatoduodenal ligament was encircled with umbilical tape.
The tape was externalized through a long plastic pipe used
as an injection extension and the external tip was clamped
with mosquito forceps. This Pringle maneuver was performed every 20 min and relieved every 5 min during liver parenchymal transection. Liver transection was performed with a cavitron ultrasonic surgical aspirator
(CUSA) and energy devices such as Thunderbeat. Small
vessels were ligated with CUSA electrocautery or laparoscopic clip devices. The main glissonian pedicle and hepatic vein were ligated with endo-GIA stapler.
Definitions
Colorectal cancer tumor staging was analyzed according to the American Joint Committee on Cancer, 7th
edition. Postoperative complications were defined as any
deviation from the normal postoperative course that needed additional physiotherapy, interventions, or endoscopic
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or additional surgical management. If a patient had multi-

vival (DFS), or overall survival (OS) between the two

ple complications, only complication with the highest

groups. A comparison of DFS after propensity score

grade was included. Complications were graded using the

matching is shown in Supplementary Table 1.

Clavien–Dindo scale ranging from grade 1 (mild) to grade
11

5 (death).

Postoperative complications were checked for

RESULTS

30 days. Postoperative mortality was defined as death
within 30 days after surgery. If a patient was discharged
within 30 days, postoperative complications or outcomes
were examined in the outpatient clinic until 30 days.
Operation record was reviewed for perioperative analysis.
We reviewed liver resection operation record for estimated blood loss, operation time, major or minor resection, and need for perioperative transfusions. Operation
time of liver resection in simultaneous operation was calculated by excluding time of primary colon operation
from total operation time. Size, number, and resection
margin of the metastatic tumor were reviewed when
pathological diagnosis of the liver resection specimen was

Patients and tumor characteristics
A total of 123 patients underwent liver resection for
CRLM, including 101 (82.1%) patients in the OSLR
group and 22 (17.9%) patients in the LSLR group. No significant differences in sex, ASA score, BMI, or maximum
size of liver metastases were detected. Statistically significant differences were observed in age, synchronicity
of tumor, metastatic tumor number, and tumor margin
(p=0.029, p=0.004, p＜0.001, and p=0.002, respectively).
No significant differences were observed in primary colon
cancer T stage or N stage between the two groups (Table
1).

confirmed.

Statistical analyses
Categorical variables are presented as sex, American
Society of Anesthesiologists (ASA) score, synchronicity,
tumor location, and colon cancer T, N stage. These variables were compared using Fisher’s exact and 2 tests.
Continuous variables are presented as age, body mass index (BMI), metastatic tumor number, size, and resection
margin. These variables were compared using independent
sample t-test and Mann-Whitney U test. Risk factors
found to be statistically significant in univariate analysis
were entered into a multivariate binary logistic regression
model to predict major complications after surgery.
Variables found to be significant on univariate analysis (p
＜0.100) were considered in a multivariable model.
Differences were considered significant at p-value＜0.05.
All statistical analyses were conducted using SAS version
9.4 (SAS Institute Inc., Cary, NC, USA) and R version
3.3.3 software.
Propensity score matching using patients’ clinicopathologic variables including sex, age, BMI, synchronicity of
tumor, colon cancer T, N stage, the number of tumors,
and liver resection range was performed to reduce differences between the two groups for more accurate
comparison. However, there were no statistically significant differences in perioperative data, disease-free sur-

Perioperative and postoperative data
Operation time and transfusion rate were not statistically different between the two groups (p=0.375, p=0.979,
respectively). The ratio of major to minor liver surgery
was not significantly different between the two groups either (p=0.158). However, estimated blood loss in the
LSLR group was less than that in the OSLR group
(p=0.018) (Table 2).
Postoperative outcomes and types of complication are
listed in Tables 3 and 4. There was no mortality observed
in 30 days after surgery. Only one patient developed a
severe complication with colonic anastomotic leakage.
However, the patient recovered well after reoperation.
There were no statistically significant differences in postoperative outcomes such as complication grade between
the two groups. Only the length of hospital stay was significantly shorter in the LSLR group compared to that in
the OSLR group (8.5 days in LSLR group vs. 11 days
in OSLR group, p＜0.001).
Univariate analysis was performed to evaluate risk factors for postoperative complications (Table 5). Some variables such as sex and primary colorectal cancer T stage
showed statistical significance in both univariate and multivariate analyses. However, operation method was not
statistically significant in these analyses.

226 Ann Hepatobiliary Pancreat Surg Vol. 22, No. 3, August 2018

Table 1. Clinicopathological features
Laparoscopic (n=22)
Sex, n (%)
Male
Female
Age (years), mean±SD
2
Body mass index (kg/m ), mean±SD
ASA score
1
2
3
Synchronicity of tumor, n (%)
Synchronous
Metachronous
Tumor location, n (%)
Right colon
Left colon
Rectum
Colon cancer T stage, n (%)
T1
T2
T3
T4a
T4b
Colon cancer N stage, n (%)
N0
N1
N2
Preoperative chemoradiation therapy, n (%)
No
Yes
Liver meta, median (range)
Tumor number
Tumor size (cm)
Resection margin (cm)

Open (n=101)

p-value
0.318

17 (77.3%)
5 (22.7%)
65.5±8.9
23.7±3.1

67 (66.3%)
34 (33.7%)
60.1±10.5
23.9±3.5

7 (31.8%)
15 (68.2%)
0 (0.0%)

45 (44.6%)
54 (53.5%)
2 (2.0%)

14 (63.6%)
8 (36.4%)

91 (90.1%)
10 (9.9%)

3 (13.6%)
1 (4.6%)
18 (81.8%)

12 (11.9%)
8 (7.9%)
81 (80.2%)

0
3
15
2
2

1
4
61
25
10

0.029
0.825
0.557

0.004

＞0.999

0.211
(0.0%)
(13.6%)
(68.2%)
(9.1%)
(9.1%)

(1.0%)
(4.0%)
(60.4%)
(24.8%)
(9.9%)
0.487

5 (22.7%)
8 (36.4%)
9 (40.9%)

14 (13.9%)
48 (47.5%)
39 (38.6%)

21 (95.5%)
1 (4.5%)

82 (81.2%)
19 (18.8%)

1 (1-2)
1.6 (0.6-10.1)
1.0 (0.1-3.0)

2 (0-8)
2.1 (0.0-11.5)
0.5 (0.0-4.0)

0.121

＜0.001
0.456
0.002

ASA, American Society of Anesthesiologists

Table 2. Perioperative profiles
Laparoscopic (n=22)
Liver resection, n (%)
Major
Minor
Operative time (min), median (range)
Estimated blood loss (ml), median (range)
Transfusion, n (%)
Yes
No

DISCUSSION

Open (n=101)

p-value
0.158

2
20
135
100

(9.1%)
(90.9%)
(40-360)
(30-950)

2 (9.1%)
20 (90.9%)

24
77
120
200

(23.8%)
(76.2%)
(30-600)
(30-600)

0.375
0.018
0.979

9 (8.9%)
92 (91.1%)

section margin, and length of hospital stay were significantly different between the two groups. Our results

We compared outcomes between LSLR and OSLR in
patients with CRLM. The number of liver metastases, re-

suggest that LSLR may be favorable for patients with
CRLM and a small number of metastases.
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Table 3. Postoperative profiles
Laparoscopic (n=22)
Overall complication, n (%)
Complication Grade, n (%)
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Liver specific complication
Mortality (within 30 days)
Length of hospital stay (days), median (range)

Deep incisional infection
Wound seroma
Ileus
Anastmotic leakage
Chyle drainage
Wound dehiscence
Incisional hernia
Urinary retention
Other

0
0
0
0
0
0
0
2
0

(0.0%)
(0.0%)
(0.0%)
(0.0%)
(0.0%)
(0.0%)
(0.0%)
(9.1%)
(0.0%)

p-value

24 (23.8%)

0.158
0.720

2 (9.1%)
2
0
0
0
0
0
0
8.5

(9.1%)
(0.0%)
(0.0%)
(0.0%)
(0.0%)
(0.0%)
(0.0%)
(5-22)

11
0
5
7
1
0
0
11

(10.9%)
(0.0%)
(5.0%)
(6.9%)
(1.0%)
(0.0%)
(0.0%)
(6-77)

＜0.001

outcomes. However, those results usually represent activ-

Table 4. List of postoperative complications
Laparoscopic
(n=22)

Open (n=101)

Open
(n=101)

ity at highly experienced centers. With recent progress in

4
2
4
3
1
1
1
2
6

gery, minimally invasive surgery has shown encouraging

(4.0%)
(2.0%)
(4.0%)
(3.0%)
(1.0%)
(1.0%)
(1.0%)
(2.0%)
(5.9%)

techniques and a better understanding of hepatobiliary surresults.10,11
Several reports have compared LSLR to OSLR in patients with CRLM.18-20 Most of these studies have reported
that patients who undergo LSLR have less perioperative
blood loss, fewer complications, less consumption of analgesics, and shorter length of hospital stay with comparable long-term outcomes. Laparoscopic living donor
hepatectomy has now been performed during liver

A favorable long-term oncological outcome or cure for

transplantation. Laparoscopic liver resection will take the

cancer is expected only if patients with CRLM will under-

place of living donor hepatectomy during liver trans-

go surgical resection of the cancerous region. However,

plantation in the future.

12

whether a simultaneous resection or a staged operation

We performed OSLR with only an upper midline in-

should be performed remains controversial. Several re-

cision, even for a major resection. Major liver resection

ports have shown that a staged operation is safer with

such as right hemihepatectomy is typically performed with

14-16

However, with de-

large incision such as an inverted L incision. This is not

velopment in surgical devices and techniques, pre- and

special as an upper midline incision is generalized for liv-

post-operative management, and anesthetic techniques,

er resection. One study has compared a minimal incision

safer and more aggressive liver resection operations are

and inverted L incision.13 All single OSLR procedures

now possible17 and minimally invasive surgery for liver

were performed with only an upper midline incision

resection is now available for patients with CRLM.

which was a minimal incision for a right hemihepa-

Laparoscopic surgery is a minimally invasive surgery.

tectomy during major liver resection.

fewer perioperative complications.

Most new devices and techniques are now focused on lap-

Several limitations of our study should be mentioned.

aroscopic surgery. In fact, abdominal surgery is now

The major limitation was that LSLR group sample size

mostly performed laparoscopically. It is also desired by

was too small compared to the OSLR group. Although

most patients. Hepatobiliary surgery has progressed slow-

propensity score matching analysis was applied to over-

er compared to other minimally invasive operations pri-

come this major limitation and analysis showed no stat-

marily due to complexity of procedures and anatomy, dif-

istical differences between the two groups, this small sam-

ficulties with uncontrolled hemorrhage, and stressful

ple size made this study hard to be generally acceptable.

learning curve.9 Some reports have shown favorable

Additionally, this study revealed only small advantage of

228 Ann Hepatobiliary Pancreat Surg Vol. 22, No. 3, August 2018

Table 5. Univariable and multivariable analyses of risk factors for postoperative complications in patients with colorectal cancer
liver metastases
Univariate

Variables
Sex
Age (years)
Surgery
Tumor location
Colorectal cancer T stage
Colorectal cancer N stage
Tumor synchronicity
Tumor Number

HR
Male
Female
60
＞60
Minor
Major
Colon
Rectum
≤T3
＞T3

≤N1
＞N1
Metachronous
Synchronous
Single
Multiple

Tumor Size (cm)

≤2.5

Surgical margin (cm)

＞2.5
＞1

≤1
Operation method

Laparoscopic
Open

1
0.322
1
0.742
1
1.155
1
0.759
1
4.148
1
0.970
1
2.370
1
1.241
1
1.059
1
0.926
1
3.117

Multivariate

95% CI

p-value

HR

95% CI

p-value

0.103-1.010

0.052

1
0.241

0.072-0.810

0.021

0.311-1.767

0.500

0.410-3.256

0.785

0.267-2.162

0.606

1.679-10.24

0.002

1
4.495

1.729-11.69

0.002

0.399-2.361

0.947

0.509-11.05

0.272

0.521-2.956

0.626

0.434-2.582

0.900

0.395-2.772

0.926

0.679-14.31

0.144

1
2.983

0.609-14.62

0.178

HR, hazard ratio; CI, confidence interval

laparoscopic liver resection available for selected group.
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Supplementary Table 1. Univariable analysis of prognostic factors for disease-free survival in propensity score matched patients
with colorectal cancer liver metastases
1:1 match (N=44, event=18)

Variables
Sex
Age (years)
Surgery

‡

Tumor Location
Colorectal cancer T stage
Colorectal cancer N stage
Tumor synchronicity
Tumor Number
Tumor Size (cm)
Surgical margin (cm)
Operation method
‡

HR
Male
Female
≤60
＞60
Minor
Major
Colon
Rectum
≤T3
＞T3
≤N1
＞N1
Metachronous
Synchronous
Single
Multiple
≤2.5
＞2.5
＞1
≤1
Laparoscopic
Open

1.
0.836
1
1.061
1
1.147
1
1.502
1
0.926
1
1.298
1
0.853
1
1.992
1
0.687
1
1.567
1
0.590

95% CI

p-value

0.297-2.350

0.734

0.417-2.700

0.902

0.146-8.994

0.896

0.345-6.547

0.588

0.328-2.612

0.885

0.501-3.363

0.591

0.276-2.632

0.782

0.568-6.988

0.282

0.225-2.102

0.511

0.549-4.475

0.402

0.230-1.514

0.273

1:2 match (N=63, event=27)
HR
1.
0.965
1
0.750
1
1.101
1
1.555
1
1.615
1
1.122
1
1.374
1
2.104
1
1.006
1
0.749
1
0.715

Minor, less than or equal to two segments; major, greater than or equal to three segments
HR, hazard ratio; CI, confidence interval

95% CI

p-value

0.422-2.205

0.932

0.352-1.597

0.456

0.255-4.754

0.897

0.468-5.171

0.471

0.714-3.652

0.249

0.520-2.423

0.769

0.519-3.633

0.522

0.723-6.124

0.173

0.438-2.312

0.989

0.337-1.665

0.478

0.319-1.604

0.416

