
Abstract. Background/Aim: The aim of this study was to
investigate the risk factors of surgical site infection (SSI) in
patients who underwent liver resection for colorectal liver
metastases (CRLM). Patients and Methods: A total of 151
patients who underwent liver resection for CRLM were
included in this study. We investigated the relationship
between the patient characteristics and perioperative factors
and the incidence of SSI. Results: Nineteen (13%) of these
patients developed SSI. Multivariate analysis revealed that
modified Glasgow Prognostic Score (mGPS) (1 or 2, odds
ratio 3.86, p=0.03) and presence of an enterostomy (yes,
odds ratio 3.93, p=0.04) were significant and independent
risk factors for SSI. Conclusion: A higher mGPS and an
enterostomy were risk factors for SSI in patients who
underwent a liver resection for CRLM.

Colorectal cancer is one of the most common cancers
worldwide, and has a yearly increase in incidence (1). The
liver is the most common site of metastases with
approximately half of patients developing liver metastases
(2). Surgical resection is the only current treatment that can
provide possible prolonged survival for patients with
colorectal liver metastases (CRLM) (3), with a 5-year
survival rate reaching 33% to 50% (4).

Although liver resection has become safer due to improved
surgical techniques and perioperative management, morbidity
rates still remain high. Bile leakage and surgical site infection
(SSI) are common causes of major morbidities after liver

resection (5, 6), and SSI is the most frequent complication
with an incidence ranging from 13% to 15% (7, 8).

Moreover, the negative impact of postoperative
complications on long-term outcomes has been reported in
patients undergoing liver resection for CRLM (9-14). However,
the mechanisms by which postoperative complications affect
long-term survival remain unknown. Further, delayed initiation
of chemotherapy after surgery due to postoperative
complications may be associated with poor survival and
acceleration of the inflammatory response, creating a favorable
environment for faster progression of microscopic cancer and
immunosuppression (15, 16). Therefore, efforts to improve
perioperative management to reduce postoperative
complications, including SSI, are necessary to improve cancer-
specific outcomes for patients with CRLM.

The purpose of this study was to investigate risk factors
of SSI in patients who underwent liver resection for CRLM
and to establish methods to reduce the prevalence of SSI
which may lead to improved prognosis.

Patients and Methods

Patients. Between May 2007 and March 2020, 151 consecutive
patients with CRLM who underwent an initial liver resection,
excluding staged hepatectomies, at the Department of Surgery, Jikei
University Hospital, Tokyo, Japan were included in the study. A
database of patients was prospectively recorded and analyzed
retrospectively. This study was approved by the Ethics Committee
of the Jikei University School of Medicine (27-177).

Perioperative management. All patients with no unresectable
extrahepatic tumors underwent liver resection regardless of the size,
number, or location of the liver metastases, as long as curative
resection would leave sufficient remnant liver. Generally,
parenchymal-sparing hepatectomy was performed and the extent of
hepatic resection was determined based on the retention rate of
indocyanine green at 15 min (ICGR15) (17). Percutaneous
transhepatic portal embolization was performed for patients with an
estimated residual hepatic volume of less than 30%. Anatomical
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resection included extended lobectomy, lobectomy, segmentectomy
or sub-segmentectomy and non-anatomical resection limited partial
resection.

For tumor staging, contrast-enhanced computed tomography and
gadoxetic acid-enhanced magnetic resonance imaging were
performed routinely. The center tumor was defined as the tumor
close to the main or second branches of Glisson's tree, within 1 cm.
Neoadjuvant chemotherapy was given when liver metastases were
unresectable or borderline.

Prophylactic antibiotics were given to all patients just before incision
of the skin and every 3 hours during the operation. Parenchymal
transection was performed under intraoperative ultrasonographic
guidance using a Cavitron Ultrasonic Surgical Aspirator (CUSA™,
Valletlab Inc., Boulder, CO, USA), with or without Pringle’s maneuver.
After the resection, the fascia was closed with interrupted absorbable
sutures and the wound was closed with a skin stapler.

Definition of SSI. SSI was defined as a condition where purulent
discharge was observed with or without microbiological evidence
in the incision or in an organ or space. Organ or space infection was
determined by radiologic evidence of fluid collection, necessitating
antibiotic therapy or drainage. Biloma was defined as a bile
discharge from the abdominal drainage tube or fluid collection.

Assessment of systemic inflammatory response. A chemistry profile
was preoperatively measured in patients. The systemic inflammatory
response was assessed using the Japanese Modified Glasgow
Prognostic Score (mGPS) and C-reactive protein (CRP)/albumin
(Alb) ratio. The mGPS was calculated on the basis of preoperative
data as follows: patients with normal Alb (≥3.5 mg/dl) and normal

CRP (≤0.5 mg/dl) levels were assigned an mGPS of 0, low Alb (<3.5
mg/dl) or elevated CRP (>0.5 mg/dl) levels as an mGPS of 1, and
both low Alb (<3.5 mg/dl) and elevated CRP (>0.5 mg/dl) levels as
an mGPS of 2 (18, 19). The CRP/Alb ratio was calculated by dividing
the levels of serum CRP (mg/l) by those of serum Alb (g/l).

Statistical analysis. The data are expressed as the median
(interquartile range). We investigated the relation between patient
characteristics and perioperative factors and the incidence of SSI
using the Mann-Whitney U and Chi-square tests. The factors included
age, gender, body mass index, diabetes (yes or no), timing of tumor
(synchronous or metachronous), neoadjuvant chemotherapy (yes or
no), mGPS (0 or 1, 2), CRP/Alb ratio, tumor size, tumor number,
tumor location (center or peripheral), enterostomy (yes or no),
simultaneous resection (yes or no), laparoscopic hepatectomy (yes or
no), anatomical hepatectomy (yes or no), operative time,
intraoperative blood loss, intraoperative red blood cells (RBC)
transfusion (yes or no), postoperative biloma (yes or no), and length
of postoperative stay. Predictive factors for SSI were further analyzed
using univariate and multivariate logistic regression models. Based
on the receiver operating characteristic curve coordinates, the most
optimal cut-off points for tumor size, operative time, and
intraoperative blood loss were determined as 40 mm, 450 min, and
950 ml, respectively, and 0.04 was used as the cut-off point for the
CRP/Alb ratio according to our previous study (20). Next, we
compared an mGPS of 0 and 1 or 2 by univariate analysis. The
variables consisted of the above factors, including levels of serum
carcinoembryonic antigen (CEA).

All p-values were considered statistically significant when the
associated probability was <0.05.
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Table I. Patient characteristics.

Variables                                                                Total (n=151)                                                  Surgical site infections                                      p-Value

                                                                                                                                      Yes (n=19)                               No (n=132)                               

Age, yeas                                                                 66 (58-73)                                    72 (58-76)                                66 (58-72)                            0.38
Gender, male                                                           107 (71%)                                     15 (79%)                                  92 (70%)                             0.41
Body mass index, kg/m2                                    22.3 (20.1-24.2)                          22.5 (19.1-24.1)                       22.3 (20.4-24.2)                        0.51
Diabetes                                                                    27 (18%)                                       3 (16%)                                   24 (18%)                             0.80
Timing of tumor, synchronous                                97 (64%)                                      13 (68%)                                  84 (64%)                             0.68
Neoadjuvant chemotherapy                                     56 (37%)                                       8 (42%)                                   48 (36%)                             0.63
mGPS, 1 or 2                                                            40 (26%)                                      11 (58%)                                  29 (22%)                           <0.01
CPR/Alb ratio                                                     0.03 (0.01-0.11)                           0.07 (0.03-0.18)                       0.03 (0.01-0.09)                        0.05
Tumor size, mm                                                      26 (17-44)                                    43 (26-58)                                25 (16-39)                          <0.01
Tumor number                                                            2 (1-3)                                          2 (1-4)                                      2 (1-3)                                0.30
Tumor location, center                                             55 (36%)                                      10 (53%)                                  45 (34%)                             0.12
Enterostomy                                                              27 (36%)                                      10 (53%)                                  45 (34%)                             0.02
Simultaneous resection                                            42 (28%)                                       7 (37%)                                   35 (27%)                             0.35
Laparoscopic hepatectomy                                      30 (20%)                                        1 (5%)                                    29 (22%)                             0.09
Anatomical hepatectomy                                         79 (52%)                                      15 (79%)                                  64 (48%)                             0.01
Operation time, min                                             368 (275-480)                              488 (353-545)                          361 (257-461)                         0.03
Intraoperative blood loss, ml                             450 (150-1,050)                         1,046 (398-1,651)                       420 (120-990)                       <0.01
RBC transfusion                                                       34 (23%)                                      11 (58%)                                  23 (17%)                           <0.01
Postoperative biloma                                                24 (16%)                                       4 (21%)                                    11 (8%)                               0.08
Length of postoperative stay, days                          12 (9-16)                                     19 (13-30)                                 11 (9-14)                           <0.01

Alb: Albumin; CRP: C-reactive protein; mGPS: modified Glasgow Prognostic Score; RBC: red blood cells.



Results

Comparison of patients with and without SSI. Out of 151
total patients, 19 (12.5%) developed SSI, 17 (11.3%) were
diagnosed with an incisional SSI, and 2 (1.3%) were
diagnosed with an organ/space SSI. Table I lists the
association between patient characteristics and perioperative
factors and the incidence of SSI. Patients who developed SSI
had an increased incidence of an mGPS of 1 or 2 (58% vs.
22%, p<0.01), larger tumors (43 vs. 25 mm, p<0.01),
increased presence of enterostomy (53% vs. 34%, p=0.02),
increased incidence of undergoing anatomical hepatectomy
(79% vs. 48%, p=0.01), longer operative times (488 vs. 361
min, p=0.03), more intraoperative blood loss (1,046 vs. 420
ml, p<0.01), increased incidence of RBC transfusion (58 vs.
17%, p<0.01), and longer length of postoperative stay (19
vs. 11 days, p<0.01) than those without SSI.

Correlation of variables with SSI by univariate and
multivariate logistic regression models. Table II lists the
association between SSI and variables using logistic
regression analysis. In the univariate analysis, significant
predictors of SSI consisted of an mGPS of 1 or 2 (p<0.01),
tumor size ≥40 mm (p=0.02), enterostomy (p=0.03),
anatomical hepatectomy (p=0.02), operative time ≥450 min
(p<0.01), intraoperative blood loss ≥950 ml (p<0.01), and
RBC transfusion (p<0.01). Multivariate analysis revealed
that an mGPS of 1 or 2 (odds ratio 3.86, 95% confidence

interval=1.11-13.41, p=0.03) and enterostomy (odds ratio
3.93, 95% confidence interval 1.08-14.30, p=0.04) were
significant and independent risk factors for SSI.

Association between patient characteristics and mGPS.
Table III lists the association between patient characteristics
and mGPS. The univariate analysis revealed that patients
with an mGPS of 1 or 2 were significantly older (72 vs. 65
years, p<0.01), underwent a lower number of neoadjuvant
chemotherapies (23 vs. 42%, p=0.03), had higher serum
CEA levels (27 vs. 8 ng/ml, p<0.01), had larger tumor size
(44 vs. 23 mm, p<0.01), had more central tumors (53% vs.
31%, p=0.01), underwent more procedures of simultaneous
resection (45% vs. 22%, p<0.01), underwent a lower number
of laparoscopic hepatectomies (5% vs. 25%, p<0.01),
underwent more RBC transfusions (38% vs. 17%, p<0.01),
and had a longer length of postoperative stay (14 vs. 11 days,
p<0.01) than those with an mGPS of 0.

Association of SSI and enterostomy according to operative
procedure. Figure 1 shows that patients with an enterostomy
who underwent pure laparoscopic hepatectomy had a
significantly decreased incidence of SSI than others (p=0.01).

Discussion

Several investigators have reported on the factors associated
with SSI in patients who underwent hepatectomies. The

Furukawa et al: Risk Factors of SSI for CRLM

5653

Table II. Univariate and multivariate analyses for surgical site infections.

Variables                                                                                               Univariate analysis                                                     Multivariate analysis

                                                                                    Odds ratio (95%CI)                      p-Value                       Odds ratio (95%CI)                      p-Value

Age, yeas                                                                      0.98 (0.94-1.03)                             0.47                                                                                       
Gender, male                                                                1.63 (0.51-5.2)                               0.41                                                                                       
Body mass index, kg/m2                                             1.05 (0.90-1.24)                             0.52                                                                                       
Diabetes, yes                                                                0.84 (0.23-3.13)                             0.80                                                                                       
Timing of tumor, synchronous                                    1.24 (0.44-3.47)                             0.68                                                                                       
Neoadjuvant chemotherapy, yes                                 1.27 (0.48-3.38)                             0.63                                                                                       
mGPS, 1 or 2                                                               4.88 (1.80-13.27)                         <0.01                             3.86 (1.11-13.41)                          0.03
CPR/Alb ratio, ≥0.04                                                   2.76 (0.99-7.72)                             0.05                                                                                       
Tumor size, ≥40 mm                                                   3.33 (1.25-8.91)                             0.02                             1.33 (0.37-4.86)                            0.66
Tumor number                                                             0.87 (0.74-1.03)                             0.11                                                                                       
Tumor location, center                                                2.15 (0.81-5.67)                             0.12                                                                                       
Enterostomy, yes                                                          3.27 (1.15-9.30)                             0.03                             3.93 (1.08-14.30)                          0.04
Simultaneous resection, yes                                        1.62 (0.59-4.44)                             0.35                                                                                       
Open hepatectomy, yes                                                5.07 (0.65-39.59)                           0.12                                                                                       
Anatomical hepatectomy, yes                                     3.98 (1.26-12.64)                           0.02                             1.47 (0.33-6.61)                            0.62
Operation time, ≥450 min                                           4.75 (1.73-13.03)                         <0.01                             2.26 (0.67-7.66)                            0.19
Intraperative blood loss, ≥950 ml                               4.94 (1.80-13.57)                         <0.01                             2.69 (0.66-11.00)                          0.17
RBC transfusion, yes                                                   6.52 (2.36-18.00)                         <0.01                             2.40 (0.69-8.41)                            0.17
Postoperative biloma, yes                                           2.93 (0.83-10.38)                           0.08                                                                                       

Alb: Albumin; CI: confidence interval; CRP: C-reactive protein; mGPS: modified Glasgow Prognostic Score; RBC: red blood cells.



reported risk factors were: increased operative duration,
smoking, dialysis, decreased serum sodium, decreased serum
Alb, open wound (21), bowel injury, increased blood loss,
increased age (22), silk sutures, and bile leakage (23). The
current study revealed that a higher mGPS and the presence of
an enterostomy were statistically significant risk factors for SSI
in patients who underwent a hepatectomy for CRLM. In fact,
to our knowledge, this is the first report suggesting that a higher
mGPS and the presence of an enterostomy were risk factors for
SSI in patients who underwent a hepatectomy for CRLM.

Inflammation-based prognostic scoring systems have
proven to be valuable prognostic factors in cancer patients.
Preoperative systemic inflammation, represented by mGPS,
neutrophil-to-lymphocyte ratio, and the CRP/Alb ratio have
been reported to predict cancer-specific survival, including
CRLM (20, 24, 25). Most studies on an inflammation-based
prognostic scoring system primarily focused on the oncologic
prognosis and rarely reported on the predictors of
postoperative complications (26). Based on the result that a
higher mGPS was a risk factor for SSI in patients who
underwent hepatectomy for CRLM, we hypothesized that
improving the preoperative mGPS could lead to a reduction
in postoperative SSI. We found that patients with an mGPS of
1 or 2 were significantly older, underwent a lower number of
neoadjuvant chemotherapies, had higher serum CEA levels,
and had larger tumor sizes and more central tumors than those
with an mGPS of 0. This indicates that advanced CRLM
without neoadjuvant chemotherapy could be associated with

a higher mGPS. The role of neoadjuvant chemotherapy in
patients with resectable CRLM is ambiguous (27, 28).
However, neoadjuvant chemotherapy combined with
nutritional therapy for advanced CRLM with large and central
tumors and high CEA levels may be an effective strategy to
reduce SSI by improving the mGPS (Figure 2).
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Table III. Patient characteristics in relation to mGPS. 

Variables                                                                                                                          mGPS                                                                           p-Value

                                                                                                     0 (n=111)                                            1 or 2 (n=40)                                              

Age, yeas                                                                                    65 (57-72)                                             72 (65-77)                                           <0.01
Gender, male                                                                                76 (68%)                                               31 (78%)                                               0.28
Body mass index, kg/m2                                                       22.5 (19.1-24.1)                                    22.3 (20.4-24.2)                                         0.51
Diabetes                                                                                       16 (14%)                                               11 (28%)                                               0.06
Timing of tumor, synchronous                                                   68 (61%)                                               29 (73%)                                               0.20
Neoadjuvant chemotherapy                                                        47 (42%)                                                9 (23%)                                                0.03
Serum CEA, ng/ml                                                                       8 (4-29)                                               27 (8-168)                                           <0.01
Tumor size, mm                                                                         23 (16-34)                                             44 (25-72)                                           <0.01
Tumor number                                                                               2 (1-3)                                                    1 (1-2)                                                 0.19
Tumor location, center                                                                34 (31%)                                               21 (53%)                                               0.01
Enterostomy                                                                                 18 (16%)                                                9 (23%)                                                0.37
Simultaneous resection                                                               24 (22%)                                               18 (45%)                                            <0.01
Laparoscopic hepatectomy                                                         28 (25%)                                                 2 (5%)                                              <0.01
Anatomical hepatectomy                                                            55 (50%)                                               24 (60%)                                               0.26
Operation time, min                                                                359 (270-470)                                       395 (294-492)                                           0.26
Intraoperative blood loss, ml                                                415 (125-1,038)                                    610 (265-1,215)                                         0.08
RBC transfusion                                                                          19 (17%)                                               15 (38%)                                            <0.01
Postoperative biloma                                                                     8 (7%)                                                  7 (18%)                                                0.06
Length of postoperative stay, days                                             11 (9-15)                                               14 (11-21)                                            <0.01

CEA: Carcinoembryonic antigen; mGPS: modified Glasgow Prognostic Score; RBC: red blood cells.

Figure 1. Incidence of surgical site infections (SSI) in patients with or
without an enterostomy according to operative procedure.



The present study showed that the presence of an
enterostomy was a significant risk factor for SSI in patients who
underwent a hepatectomy for CRLM. Ricciardi et al. reported
that in colorectal surgery, the construction of an enterostomy
was associated with a higher risk of SSI and this association
was attenuated with laparoscopic surgery (29). Laparoscopic
hepatectomies have been performed in a limited number of
centers, but technological innovations, improvement in surgical
techniques, and experienced surgeon have led to a rapid
progression of laparoscopic hepatectomy (30, 31). Furthermore,
a laparoscopic hepatectomy was shown to decrease
postoperative complications, including SSI (31, 32). Our study
showed that patients with an enterostomy who underwent a pure
laparoscopic hepatectomy had a significantly decreased
incidence of SSI than others. Further, Jin et al. reported that
laparoscopic hepatectomy for patients with CRLM and an
enterostomy were feasible (33), suggesting that a pure
laparoscopic hepatectomy could be an effective strategy to
reduce SSI for patients with an enterostomy.

Unfortunately, the limitation of this study is that it is a
retrospective study, and a prospective randomized study is
necessary for validating our strategies to reduce SSI.

In conclusion, a higher mGPS and the presence of an
enterostomy were independent risk factors for SSI in patients
who underwent a hepatectomy for CRLM. We believe that
neoadjuvant chemotherapy combined with nutritional
therapy for patients with an mGPS of 1 or 2 and a pure
laparoscopic liver resection for patients who have an
enterostomy can decrease the incidence of SSI after liver
resection for CRLM, resulting in a better prognosis.

Conflicts of Interest

The Authors have no conflicts of interest to declare in relation to
this study.

Authors’ Contributions
Kenei Furukawa: Design of the study, collection and analysis of data
and drafting of the article. Shinji Onda, Tomohiko Taniai, Ryoga
Hamura, Mitsuru Yanagaki, Masashi Tsunematsu, Koichiro Haruki,
Jungo Yasuda, Taro Sakamoto, Takeshi Gocho: Collection of data.
Toru Ikegami: Revision of the article and final approval of the article.

References
1 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J and

Jemal A: Global cancer statistics, 2012. CA Cancer J Clin 65(2):
87-108, 2015. PMID: 25651787. DOI: 10.3322/caac.21262

2 Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre J and
Bouvier AM: Epidemiology and management of liver metastases
from colorectal cancer. Ann Surg 244(2): 254-259, 2006. PMID:
16858188. DOI: 10.1097/01.sla.0000217629.94941.cf

3 Creasy JM, Sadot E, Koerkamp BG, Chou JF, Gonen M,
Kemeny NE, Balachandran VP, Kingham TP, DeMatteo RP,
Allen PJ, Blumgart LH, Jarnagin WR and D’Angelica MI:
Actual 10-year survival after hepatic resection of colorectal liver
metastases: what factors preclude cure? Surgery 163(6): 1238-
1244, 2018. PMID: 29455841. DOI: 10.1016/j.surg.2018.01.004

4 Adam R and Kitano Y: Multidisciplinary approach of liver
metastases from colorectal cancer. Ann Gastroenterol Surg 3(1):
50-56, 2019. PMID: 30697610. DOI: 10.1002/ags3.12227

5 Virani S, Michaelson JS, Hutter MM, Lancaster RT, Warshaw
AL, Henderson WG, Khuri SF and Tanabe KK: Morbidity and
mortality after liver resection: results of the patient safety in
surgery study. J Am Coll Surg 204(6): 1284-1292, 2007. PMID:
17544086. DOI: 10.1016/j.jamcollsurg.2007.02.067

6 Poon RT, Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung C
and Wong J: Improving perioperative outcome expands the role of
hepatectomy in management of benign and malignant hepatobiliary
diseases: analysis of 1222 consecutive patients from a prospective
database. Ann Surg 240(4): 698-708; discussion 708-10, 2004.
PMID: 15383797. DOI: 10.1097/01.sla.0000141195.66155.0c

7 Kokudo T, Uldry E, Demartines N and Halkic N: Risk factors
for incisional and organ space surgical site infections after liver
resection are different. World J Surg 39(5): 1185-1192, 2015.
PMID: 25561190. DOI: 10.1007/s00268-014-2922-3

8 López-Ben S, Palacios O, Codina-Barreras A, Albiol MT,
Falgueras L, Castro E and Figueras J: Pure laparoscopic liver
resection reduces surgical site infections and hospital stay.
Results of a case-matched control study in 50 patients.
Langenbecks Arch Surg 399(3): 307-314, 2014. PMID:
24526221. DOI: 10.1007/s00423-014-1169-7

9 Correa-Gallego C, Gonen M, Fischer M, Grant F, Kemeny NE,
Arslan-Carlon V, Kingham TP, Dematteo RP, Fong Y, Allen PJ,
D’Angelica MI and Jarnagin WR: Perioperative complications
influence recurrence and survival after resection of hepatic
colorectal metastases. Ann Surg Oncol 20(8): 2477-2484, 2013.
PMID: 23608971. DOI: 10.1245/s10434-013-2975-9

10 Farid SG, Aldouri A, Morris-Stiff G, Khan AZ, Toogood GJ,
Lodge JP and Prasad KR: Correlation between postoperative
infective complications and long-term outcomes after hepatic
resection for colorectal liver metastasis. Ann Surg 251(1): 91-100,
2010. PMID: 19858702. DOI: 10.1097/SLA.0b013e3181bfda3c

11 Fukami Y, Maeda A, Takayama Y, Takahashi T, Uji M and
Kaneoka Y: Adverse oncological outcome of surgical site

Furukawa et al: Risk Factors of SSI for CRLM

5655

Figure 2. Strategies to improve the modified Glasgow Prognostic Score
(mGPS). Neoadjuvant chemotherapy combined with nutritional therapy
for advanced liver metastases could be an effective strategy to improve
the mGPS.



infection after liver resection for colorectal liver metastases.
Surg Today 49(2): 170-175, 2019. PMID: 30225661. DOI:
10.1007/s00595-018-1715-y

12 Mavros MN, de Jong M, Dogeas E, Hyder O and Pawlik TM:
Impact of complications on long-term survival after resection of
colorectal liver metastases. Br J Surg 100(5): 711-718, 2013.
PMID: 23364914. DOI: 10.1002/bjs.9060

13 Haruki K, Shiba H, Fujiwara Y, Furukawa K, Wakiyama S,
Ogawa M, Ishida Y, Misawa T and Yanaga K: Negative impact
of surgical site infection on long-term outcomes after hepatic
resection for colorectal liver metastases. Anticancer Res 33(4):
1697-1703, 2013. PMID: 23564818.

14 Matsuda A, Matsumoto S, Seya T, Matsutani T, Kishi T, Yokoi
K, Wang P and Uchida E: Does postoperative complication have
a negative impact on long-term outcomes following hepatic
resection for colorectal liver metastasis?: a meta-analysis. Ann
Surg Oncol 20(8): 2485-2492, 2013. PMID: 23620215. DOI:
10.1245/s10434-013-2972-z

15 Wong VK, Malik HZ, Hamady ZZ, Al-Mukhtar A, Gomez D,
Prasad KR, Toogood GJ and Lodge JP: C-reactive protein as a
predictor of prognosis following curative resection for colorectal
liver metastases. Br J Cancer 96(2): 222-225, 2007. PMID:
17211465. DOI: 10.1038/sj.bjc.6603558

16 Horn F, Henze C and Heidrich K: Interleukin-6 signal transduction
and lymphocyte function. Immunobiology 202(2): 151-167, 2000.
PMID: 10993289. DOI: 10.1016/S0171-2985(00)80061-3

17 Miyagawa S, Makuuchi M, Kawasaki S and Kakazu T: Criteria
for safe hepatic resection. Am J Surg 169(6): 589-594, 1995.
PMID: 7771622. DOI: 10.1016/s0002-9610(99)80227-x

18 Toiyama Y, Miki C, Inoue Y, Tanaka K, Mohri Y and Kusunoki
M: Evaluation of an inflammation-based prognostic score for the
identification of patients requiring postoperative adjuvant
chemotherapy for stage II colorectal cancer. Exp Ther Med 2(1):
95-101, 2011. PMID: 22977476. DOI: 10.3892/etm.2010.175

19 Inoue Y, Iwata T, Okugawa Y, Kawamoto A, Hiro J, Toiyama Y,
Tanaka K, Uchida K, Mohri Y, Miki C and Kusunoki M:
Prognostic significance of a systemic inflammatory response in
patients undergoing multimodality therapy for advanced
colorectal cancer. Oncology 84(2): 100-107, 2013. PMID:
23147449. DOI: 10.1159/000343822

20 Haruki K, Shiba H, Horiuchi T, Sakamoto T, Gocho T, Fujiwara Y,
Furukawa K, Misawa T and Yanaga K: Impact of the C-reactive
protein to albumin ratio on long-term outcomes after hepatic
resection for colorectal liver metastases. Am J Surg 214(4): 752-
756, 2017. PMID: 28187858. DOI: 10.1016/j.amjsurg.2017.02.001

21 Moreno Elola-Olaso A, Davenport DL, Hundley JC, Daily MF
and Gedaly R: Predictors of surgical site infection after liver
resection: a multicentre analysis using National Surgical Quality
Improvement Program data. HPB (Oxford) 14(2): 136-141,
2012. PMID: 22221576. DOI: 10.1111/j.1477-2574.2011.
00417.x

22 Kobayashi S, Gotohda N, Nakagohri T, Takahashi S, Konishi M
and Kinoshita T: Risk factors of surgical site infection after
hepatectomy for liver cancers. World J Surg 33(2): 312-317,
2009. PMID: 19023613. DOI: 10.1007/s00268-008-9831-2

23 Togo S, Kubota T, Takahashi T, Yoshida K, Matsuo K, Morioka
D, Tanaka K and Shimada H: Usefulness of absorbable sutures
in preventing surgical site infection in hepatectomy. J
Gastrointest Surg 12(6): 1041-1046, 2008. PMID: 17899302.
DOI: 10.1007/s11605-007-0297-6

24 Nakagawa K, Tanaka K, Nojiri K, Kumamoto T, Takeda K,
Ueda M and Endo I: The modified Glasgow prognostic score as
a predictor of survival after hepatectomy for colorectal liver
metastases. Ann Surg Oncol 21(5): 1711-1718, 2014. PMID:
24452408. DOI: 10.1245/s10434-013-3342-6

25 Halazun KJ, Aldoori A, Malik HZ, Al-Mukhtar A, Prasad KR,
Toogood GJ and Lodge JP: Elevated preoperative neutrophil to
lymphocyte ratio predicts survival following hepatic resection
for colorectal liver metastases. Eur J Surg Oncol 34(1): 55-60,
2008. PMID: 17448623. DOI: 10.1016/j.ejso.2007.02.014

26 Moyes LH, Leitch EF, McKee RF, Anderson JH, Horgan PG and
McMillan DC: Preoperative systemic inflammation predicts
postoperative infectious complications in patients undergoing
curative resection for colorectal cancer. Br J Cancer 100(8): 1236-
1239, 2009. PMID: 19319134. DOI: 10.1038/sj.bjc.6604997

27 Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM,
Rougier P, Bechstein WO, Primrose JN, Walpole ET, Finch-
Jones M, Jaeck D, Mirza D, Parks RW, Mauer M, Tanis E, Van
Cutsem E, Scheithauer W, Gruenberger T, EORTC Gastro-
Intestinal Tract Cancer Group, Cancer Research UK,
Arbeitsgruppe Lebermetastasen und–tumoren in der
Chirurgischen Arbeitsgemeinschaft Onkologie (ALM-CAO),
Australasian Gastro-Intestinal Trials Group (AGITG) and
Fédération Francophone de Cancérologie Digestive (FFCD):
Perioperative FOLFOX4 chemotherapy and surgery versus
surgery alone for resectable liver metastases from colorectal
cancer (EORTC 40983): long-term results of a randomised,
controlled, phase 3 trial. Lancet Oncol 14(12): 1208-1215, 2013.
PMID: 24120480. DOI: 10.1016/S1470-2045(13)70447-9

28 Khoo E, O’Neill S, Brown E, Wigmore SJ and Harrison EM:
Systematic review of systemic adjuvant, neoadjuvant and
perioperative chemotherapy for resectable colorectal-liver
metastases. HPB (Oxford) 18(6): 485-493, 2016. PMID:
27317952. DOI: 10.1016/j.hpb.2016.03.001

29 Ricciardi R, Roberts PL, Hall JF, Read TE, Francone TD,
Pinchot SN, Schoetz DJ and Marcello PW: What is the effect of
stoma construction on surgical site infection after colorectal
surgery? J Gastrointest Surg 18(4): 789-795, 2014. PMID:
24408182. DOI: 10.1007/s11605-013-2439-3

30 Tsukamoto T, Kanazawa A, Kodai S and Kubo S: Recent progress
in laparoscopic liver resection. Clin J Gastroenterol 6(1): 8-15,
2013. PMID: 26181397. DOI: 10.1007/s12328-012-0352-z

31 Jin B, Chen MT, Fei YT, Du SD and Mao YL: Safety and
efficacy for laparoscopic versus open hepatectomy: A meta-
analysis. Surg Oncol 27(2): A26-A34, 2018. PMID: 28687154.
DOI: 10.1016/j.suronc.2017.06.007

32 López-Ben S, Palacios O, Codina-Barreras A, Albiol MT,
Falgueras L, Castro E and Figueras J: Pure laparoscopic liver
resection reduces surgical site infections and hospital stay.
Results of a case-matched control study in 50 patients.
Langenbecks Arch Surg 399(3): 307-314, 2014. PMID:
24526221. DOI: 10.1007/s00423-014-1169-7

33 Jin B, Du S, Xu H, Zheng Y, Lu X, Sang X and Mao Y:
Laparoscopic hepatectomy for patients who received
enterostomy. J Minim Access Surg 15(4): 325-330, 2019. PMID:
30106029. DOI: 10.4103/jmas.JMAS_78_18

Received July 8, 2021
Revised September 15, 2021
Accepted September 16, 2021

ANTICANCER RESEARCH 41: 5651-5656 (2021)

5656


