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Abstract

Background Surgical site infection (SSI) is a common cause of major morbidity after liver resection. This study
aimed to identify the risk factors for incisional and organ/space SSIs after liver resection.

Methods Our liver surgery database was retrospectively analyzed for patients treated between January 2009 and
November 2012 in a tertiary care Swiss hospital. Univariate and multivariate analyses were conducted on preop-
erative, intraoperative, and postoperative variables to identify risk factors for incisional and organ/space SSIs.
Results In a total of 226 patients, SSI incidences were 12.8 % (incisional), 4.0 % (organ/space), and 1.8 % (both).
Univariate analysis showed that incisional SSIs were associated with high American Society of Anesthesiologists
(ASA) scores, preoperative anemia, hypoalbuminemia, low prothrombin time, viral or alcoholic chronic hepatitis,
liver cirrhosis, and prolonged operation times. Organ/space SSIs were associated with high rates of red blood cell
transfusions, concomitant bowel surgery, and prolonged operation times. Multivariate analysis revealed that risk
factors for incisional SSIs were anemia [odds ratio (OR) 2.82], high ASA scores (OR 2.88), presence of hepatitis or
cirrhosis (OR 5.07), and prolonged operation times (OR 9.61). The only risk factor for organ/space SSIs was
concomitant bowel surgery (OR 5.53). Hospital stays were similar in organ/space and incisional SSI groups, but

Conclusions

significantly longer for those with both organ/space and incisional SSIs.

High ASA scores, anemia, chronic hepatitis or liver cirrhosis, and prolonged operations increased the
risk of incisional SSIs; concomitant bowel surgery increased the risk of organ/space SSI. Specific precautions to
prevent organ/space and incisional SSIs may shorten hospital stays.

Introduction

As a result of recent advances in surgical technology and
perioperative management, liver resection has become a
safe surgery with a low mortality rate [1, 2]. However,
morbidity rates remain relatively high. Bile leakage and
surgical site infection (SSI) are common causes of major
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morbidity after liver resection [3—5]. The incidence of SSI
after hepatectomy has been reported to be 3.1-14 % [4-8].
The risk factors for SSI have been widely studied for
colorectal surgery; significant risk factors include over-
weight status, high American Society of Anesthesiologists
(ASA) score, and long operation times [9-11]. Ho et al.
[11] recently reported that different risk factors and clinical
outcomes were associated with incisional SSIs and organ
and/or space SSIs; thus, a specific approach was required
for each type of SSI. In liver surgery, risk factors associ-
ated with all SSIs have been reported, but not separate risk
factors associated with either incisional or organ/space
SSIs [12].
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Recently, specific analyses of both incisional and organ/
space SSIs after liver resection for hepatocellular carci-
noma were conducted in Japanese patients with cirrhosis
[3, 13, 14]. In the present study, we evaluated clinical risk
factors associated with either incisional or organ/space
SSIs after elective liver resections in a European popula-
tion where colorectal liver metastasis was the leading
indication for liver resection.

Materials and methods

All consecutive patients scheduled for elective liver
resection from January 2009 to November 2012 were
included in this study. Demographic, clinical, and
radiological data were recorded prospectively and ana-
lyzed retrospectively. The extent of hepatectomy was

evaluated according to stage of the disease, liver
function, and the general condition of patients. Stage of
the disease and resectability was assessed with imaging
studies, including contrast-enhanced computed tomog-
raphy, magnetic resonance imaging, hepatic arterial
angiography, and ultrasound. The extent of liver func-
tion impairment due to underlying liver disease was
assessed with a liver biochemistry test, the Child—Pugh
grade, and the indocyanine green retention rate at
15 min [15].

The investigated independent risk factors included pre-
operative, intraoperative, and postoperative variables
(Tables 1 and 2). Body mass indexes (BMIs) greater than
25 and 30 kg/m* were defined as overweight status and
obesity, respectively [16]. The ASA score was divided into
two groups of ASA = 1 or 2 and ASA = 3. No patient had
an ASA = 4 in the study group.

Table 1 Preoperative

characteristics of patients that Incisional SSIs n = 29 (%) No SSI n = 197 (%) p values
did or did not develop incisional Age (years)
SSIs
>65 14 (48) 95 (48) 1.00
<65 15 (52) 102 (52)
Gender (male/female) 21/8 (72/28) 126/71 (64/36) 0.37
ASA score
1-2 15 (52) 151 (77) 0.005
3 14 (48) 46 (23)
Body mass index ( kg/m?)
<25 13 (45) 101 (51) 0.52
>25 16 (55) 96 (49)
Diabetes mellitus 8 (28) 29 (15) 0.08
Laboratory data
Hemoglobin < 12.0 g/dl 13 (45) 50 (25) P =0.03
Albumin < 3.5 g/dl 6 (21) 15 (8) P =0.02
Prothrombin time < 80 % 10 (35) 24 (12) 0.002
Underlying liver diseases
None 15 (52) 163 (83) 0.02
Chronic hepatitis 6 (21) 14 (7) 0.008
Liver cirrhosis 8 (28) 20 (10)
Etiology of hepatic diseases
HBYV and/or HCV 5 (17) 11 (6) 0.04
Alcoholic 7 (24) 13 (7) 0.002
Unknown 2(7) 10 (5) 0.66
Preoperative chemotherapy 13 (45) 90 (46) 0.93
Primary or repeat hepatectomy 25/4 (86/14) 164/33 (83/17) 1.00
Tobacco use 13 (45) 91 (46) 0.89
ASA American society of Indications for surgery
%“iiﬁ‘;’SII‘;lg“;’/‘ﬁp zﬁl‘: Iéerv’?rt:ltsls Hepatocellular carcinoma 8 (28) 30 (15) 0.10
* Bile duct cancer, intrahepatic Colorectal metastasis 10 (34) 100 (51) 0.10
cholangiocarcinoma, Other malignancy® 6 (21) 36 (18) 0.76
gallbladder cancer, and Echinococcus alveolar 2(7) 13 (7) 1.00
metastases from cancers other Benign and pseudo tumor 3 (10) 18 9) 0.74

than colorectal cancer
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Table 2 Intraoperative and
postoperative characteristics of
patients that did or did not
develop incisional SSIs

RBC red blood cells, FFP fresh
frozen plasma

% More than 3 Couinaud’s
segments

® Classified higher than Grade

II in Dindo—Clavien
classification [21]

Incisional SSIs n = 29(%) No SSI n = 197(%) p values
Intraoperative variables
Median operative time; min (IQR) 375 (335-414) 283 (269-298) 0.001
Major hepatic resection® 16 (55) 74 (38) 0.07
Blood loss > 500 ml 19 (66) 94 (48) 0.07
Pringle’s maneuver 20 (69) 137 (70) 0.95
Concomitant bowel surgery 6 (21) 19 (10) 0.08
Minimally invasive approach 13 15 (8) 0.70
Required RBC transfusion 12 (41) 52 (26) 0.10
Required FFP transfusion 4 (14) 13 (7) 0.25
Postoperative variables
Complications®
Bile leakage 11 (38) 20 (10) 0.001
Ascites 16 (55) 29 (15) 0.001
Median hospital stay; days (IQR) 27 (20-34) 13 (11-14) 0.001
90-day mortality rate 1(3) 4(2) 0.50

A SSI was defined as a condition where purulent dis-
charge was observed, either in the skin or subcutaneous
tissue (incisional) or in an organ or space that was
manipulated during liver resection. It had to be observed
within 30 days after the operation, with or without
microbiological evidence, as described in the Center for
Disease Control guidelines [17, 18]. Incisional and organ/
space SSIs were diagnosed by the surgeon that performed
the postoperative follow-up. All patients were followed-up
by the surgeon for 2—4 weeks after discharge and regularly
thereafter, according to the underlying disease, which
warranted a follow-up period of 30 days or longer.

Prophylactic antibiotics were given to all patients just
before the skin incision and every 3 h during the operation. No
antibiotic was given after the liver was resected [19]. Before
the procedure, the skin of the abdomen was prepared by
applying a povidone—iodine solution or chlorhexidine,
according to our institutional recommendations. Hepatic
resection was performed under intraoperative, ultrasono-
graphic guidance, with or without inflow occlusion (Pringle’s
maneuver). During parenchymal resection, all blood vessels
and bile ducts were ligated, whenever possible, with an
absorbable multifilament (Polyglactin 910; Vicryl®) or with a
vessel clip. After the resection, the fascia was closed with
continuous absorbable monofilament (Polydioxanone;
PDS®), the surgical incision was irrigated with saline solution,
and the wound was closed with a nylon monofilament with
interrupted, transdermal, and vertical mattress sutures. Skin
sutures were removed between postoperative days 14 and 21,
depending on the surgeon’s professional opinion. Prophy-
lactic, routine abdominal drainage was not performed [20].

Concomitant bowel surgery was defined as opening any
digestive structure during the operation, including a small
bowel resection, a colorectal resection, and a biliodigestive

anastomosis. Minimally invasive liver resections were
either purely laparoscopic or hand-assisted laparoscopic
liver resections. Prolonged surgery was arbitrarily defined
as a surgical time longer than 300 min.

Postoperative abdominal complications were recorded
and graded according to the Dindo—Clavien classification
[21]. Complications were included in the analysis when
they involved bile leakage and ascites classified higher than
Grade II. The most frequent management for bile leakage
was radiological intervention. Postoperative mortality was
defined as any death during postoperative hospitalization or
within 90 days after liver resection.

Statistical analyses were performed with Stata Release 12
software (STATA Corp, College Station, TX). Categorical
variables were analyzed with the y* test or Fisher exact test, as
appropriate. Concerning continuous variables, the influence
on hospital stay was analyzed using the student’s t test, and
that of the operation time was analyzed using the Mann—
Whitney U test. The Bonferroni correction was used for
multiple comparisons. P values less than 0.05 were considered
significant. All statistical analyses were two tailed and based
on the intention-to-treat concept. Risk factors included in
multivariate analyses were preoperative and intraoperative
variables with p values less than 0.10 in the univariate ana-
lysis. Since the aim of this study was to identify independent
predictors of SSIs for preventing them, postoperative vari-
ables—such as bile leakage and ascites—were excluded from
the multivariate analysis. Albumin levels, prothrombin time,
and hepatic disease etiology were highly correlated with
underlying liver diseases (chronic hepatitis and liver cirrho-
sis); therefore, they were excluded from the multivariate
analyses in the incisional SSI group. A binary logistic
regression model was used to identify independent predictors
of incisional and organ/space SSIs after liver resection.
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Results

During the study period, a total of 226 patients underwent
liver resection. During the postoperative course, 12.8 % of
patients (n = 29) and 4.0 % of patients (n = 9) were diag-
nosed with incisional and organ/space SSIs, respectively;
1.8 % of patients (n = 4) were diagnosed with both. Patients
with organ/space SSIs had significantly higher incidence of
severe SSIs, classified higher than Grade III according to the
Dindo—Clavien classification [21], than in those with inci-
sional SSIs [8/9 (89 %) vs. 3/25 (12 %), p < 0.001]. Five
patients died after liver resection, and the cause of death was
liver failure in 3 patients, suicide probably due to hepatic
encephalopathy in 1 patient, and aspiration pneumonia in 1
patient. There was no case of SSI-related death.

Compared to those without SSIs, patients with incisional
SSIs (Table 1) showed significantly higher frequencies of
high ASA scores (ASA = 3, 48 vs. 23 %, p = 0.005), pre-
operative anemia (hemoglobin <12.0 g/dl, 45 vs. 25 %,
p = 0.03), hypoalbuminemia (albumin <3.5 g/dl, 21 vs.
8 %, p = 0.02), low prothrombin times (<80 %, 35 vs.
12 %, p = 0.002), viral or alcoholic chronic hepatitis (21 vs.
7 %,p = 0.02), and liver cirrhosis (28 vs. 10 %, p = 0.008).

The intraoperative characteristics were similar between
these groups (Table 2), except the median operation time,
which was statistically longer in the incisional SSI than in the
non-SSI group [375 min, interquartile range (IQR) 335-414
vs. 283 min, IQR 269-298; p < 0.001]. Postoperatively,
abdominal complications were significantly more frequent
in the incisional SSI than in the non-SSI group (bile leakage,
38vs. 10 %, p < 0.001, and ascites 55 vs. 15 %, p < 0.001).

Multivariate analyses (Table 3) showed that preoperative
anemia [odds ratio (OR) 2.82], a high ASA score (OR 2.88),
the presence of chronic hepatitis or cirrhosis (OR 5.07), and a
prolonged operation time (OR 9.61) were independently
associated with the risk of incisional SSI after liver resection.

We also analyzed the risk factors in patients without liver
cirrhosis. In this patient subgroup, patients with incisional SSIs
showed significantly higher frequencies of high ASA scores
(48 vs. 19 %, p = 0.006), hypoalbuminemia (24 vs. 8 %,
p = 0.04), chronic hepatitis (29 vs. 8 %, p = 0.01), intraop-
erative blood loss >500 ml (76 vs. 47 %, p = 0.02), and
longer operation time (370 min, IQR 334436 vs. 279 min,
IQR 222-340; p < 0.001). Multivariate analyses in the non-
cirrhotic patients group revealed that a high ASA score [OR
5.47, 95 % confidence interval (CI) 1.76-18.06; p = 0.003],
presence of chronic hepatitis (OR 5.70, 95 % CI 1.32-24.9;
p = 0.02), concomitant bowel surgery (OR 4.29, 95 % CI
1.08-16.5; p = 0.04), and a prolonged operation time (OR
15.0, 95 % CI 3.46-109; p < 0.001) were independently
associated with the risk of incisional SSI after liver resection.

Preoperative characteristics were similar for patients with
or without organ/space SSIs after liver resection (Table 4).
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Table 3 Risk factors for incisional or organ/space SSIs in multi-
variate analysis

p value QOdds ratio (95 % CI)
Incisional SSI
ASA score = 3 0.03 2.88 (1.09-7.61)
Diabetes mellitus 0.69 1.25 (0.42-3.78)
Hemoglobin < 12.0 g/dl 0.04 2.82 (1.04-7.61)
Underlying liver diseases® 0.002 5.07 (1.80-14.2)
Prolonged operation time® <0.001 9.61 (2.87-32.1)
Major hepatic resection 0.58 1.32 (0.50-3.50)
Blood loss > 500 ml 0.36 0.62 (0.22-1.71)
Concomitant bowel surgery 0.20 2.30 (0.65-8.21)
Organ/space SSI
Required RBC transfusion 0.09 3.80 (0.83-17.3)
Prolonged operation time® 0.36 2.25 (0.40-12.7)
Concomitant bowel surgery 0.02 5.53 (1.29-23.8)

ASA American society of anesthesiologists, RBC red blood cells
# Chronic hepatitis and/or liver cirrhosis
b Surgical time longer than 300 min

Intraoperative characteristics (Table 5) showed that patients
with organ/space SSIs had significantly higher frequencies of
red blood cell (RBC) transfusions (67 vs. 27 %, p = 0.02),
concomitant bowel surgery (44 vs. 10 %, p = 0.01), and
prolonged operation times (378 min, IQR 300456 vs.
292 min, IQR 278-306; p = 0.02). Postoperatively, bile
leakage was significantly more frequent in the group with
organ/space SSIs than in those without SSIs (67 vs. 12 %,
p < 0.001).

Multivariate analyses (Table 3) showed that concomitant
bowel surgery (OR 5.53) was an independent risk factor for
organ/space SSI development after liver resection.

Compared to those with no SSIs, the 90-day mortality rates
were not significantly different in patients with incisional SSIs
(3vs.2 %, p = 0.50) or those with organ/specific SSIs (0 vs.
2 %, p = 1.00). However, the hospital stay was significantly
shorter in those without SSIs compared to the incisional SSI
group (13 days, IQR 11-14 vs. 27 days, IQR 20-34;
p < 0.001) and the organ/space SSI group (13 days, IQR
12-15 vs. 38 days, IQR 16-60; p < 0.001). Furthermore,
patients that developed both incisional and organ/space SSIs
required much longer hospital stays (57 days, IQR 8-107)
than either the incisional SSI group (22 days, IQR 18-26) or
the organ/space SSI group (22 days, IQR 4-41) (Fig. 1;
p < 0.001 in multiple comparisons).

Discussion

The current study revealed that anemia, a high ASA score,
the presence of hepatitis or cirrhosis, and a prolonged
operation time were statistically significant risk factors for
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cT}?:;Lect‘;ri}s) triing;a;gfems hat Organ/space SSIs n = 9 (%)  No SSIn =217 (%)  p values
did or did not develop organ/ Age (years)
space SSIs
>65 5 (56) 104 (48) 0.74
<65 4 (44) 113 (52)
Gender (male/female) 5/4 (56/44) 142/75 (65/35) 0.72
ASA score
1-2 7 (78) 159 (73) 1.00
3 2 (22) 58 (27)
Body mass index (kg/mz)
<25 5 (56) 109 (50) 1.00
>25 4 (44) 108 (50)
Diabetes mellitus 2 (22) 35 (16) 0.64
Laboratory data
Hemoglobin < 12.0 g/dl 5 (56) 58 (27) 0.12
Albumin < 3.5 g/dl 2 (22) 19 (9) 0.20
Prothrombin time < 80 % 1(11) 33 (15) 1.00
Underlying liver diseases
None 8 (89) 170 (78) 1.00
Chronic hepatitis 0 (0) 20 (9) 1.00
Liver cirrhosis 1 (11) 27 (12)
Etiology of hepatic diseases
HBV and/or HCV 1(11) 15 (7) 0.49
Alcoholic 0 (0) 20 (9) 1.00
Unknown 0 (0) 12 (6) 1.00
Preoperative chemotherapy 5 (56) 98 (45) 0.74
Primary or repeat hepatectomy 6/3 (67/33) 183/34 (84/16) 0.17
Tobacco use 3 (33) 101 (47) 0.51
ASA Americap society of » Indications for surgery
g“iﬁg‘:mgg%}s}:zp Zﬁl‘: 2"5?;‘25 Hepatocellular carcinoma 1(11) 37 (17) 1.00
* Bile duct cancer, intrahepatic Colorectal metastasis 5 (56) 105 (48) 0.74
cholangiocarcinoma, Other malignancy® 2(22) 40 (18) 0.68
gallbladder cancer, and Echinococcus alveolar 0 (0) 15 (7) 1.00
metastases from cancers other Benign and pseudo tumor 1(11) 20 (9) 0.59
than colorectal cancer
Table 5 Intraoperative and Organ/space SSIs n = 9(%)  No SSIn = 217(%) p values
postoperative characteristics of
patients that did or did not Intraoperative variables
develop organ/space SSIs Median operative time; min (IQR) 378 (300-456) 292 (278-306) 0.02
Major hepatic resection® 4 (44) 86 (40) 0.74
Blood loss > 500 ml 6 (67) 107 (49) 0.50
Pringle’s maneuver 4 (44) 153 (71) 0.14
Concomitant bowel surgery 4 (44) 21 (10) 0.01
Minimally invasive approach 0 (0) 16 (7) 1.00
Required RBC transfusion 6 (67) 58 (27) 0.02
Required FFP transfusion 2(22) 15 (7) 0.14
RBC red blood cells, FFP fresh Postoperative variables
frozen plasma Complications®
3 More than 3 Couinaud’s Bile leakage 6 (67) 25 (12) 0.001
segments Ascites 2(22) 43 (20) 1.00
® Classified higher than Grade 1I Median hospital stay; days (IQR) 38 (16-60) 13 (12-15) 0.001
in Dindo—Clavien classification 90-day mortality rate 0 (0) 52) 1.00

[21]

@ Springer



World J Surg (2015) 39:1185-1192

1190
*%
70 A
60 7
® 50 1
>
)
Z
> 40 -
©
»
S 30
a
3 * |
I 920 1
10 A
No SSI Incisional Organ/space Both
(n=192) (n=25) (n=5) (n=4)
Fig. 1 Hospital stay according to types of SSIs. The error bars
show the standard errors of the mean. Asterisk denotes statistically
significant difference compared to the no-SSI group. Double
asterisk denotes statistically significant difference compared to the
no-SSI, incisional SSI, and organ/space SSI groups

incisional SSIs, and that only concomitant bowel surgery
was a risk factor for organ/space SSIs. Of note, the risk
factors were mainly preoperative factors related to com-
promise patient condition for incisional SSIs.

This study confirmed that there were different risk fac-
tors for incisional and organ/space SSIs; this was previ-
ously established for colorectal cancer [11]. Recently, large
number of patients who underwent colectomy was ana-
lyzed and found that risk factors for incisional SSIs and
organ/space SSIs vary in terms of magnitude and signifi-
cance [22]. Findings from a recent Japanese study that also
analyzed incisional and organ/space SSIs after liver
resection supported this conclusion, although that study
pointed to different risk factors than those identified in our
study for a European population [3, 13]. Generally, inci-
sional SSIs occur more frequently, but are less serious than
organ/space SSIs, which are associated with a higher
mortality [23]. Indeed, patients with organ/space SSIs had
significantly higher incidence of severe SSIs than in those
with incisional SSIs in the present study. The risk for
developing any SSI is more affected by factors associated
with incisional SSIs than with those associated with organ/
space SSIs, due to the different frequencies; however, this
may be misleading when devising a strategy for preventing
organ/space SSIs, which are clinically more important.
Thus, it is important to evaluate risk factors separately for
incisional and organ/space SSIs; different approaches may
be necessary for prevention.

Areview of the literature on risk factors for SSIs after liver
resection is shown in Table 6 [3, 7, 8, 12, 13, 24-29]. The
risk factors identified for incisional SSI in the present study
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were different from those identified in the Japanese study
[13, 24]. In the present study, BMI was not a significant risk
factor, even in the univariate analysis. This was probably due
to demographic differences between European and Asian
populations, particularly in the prevalence of overweight
status and obesity [30]. On the other hand, underlying liver
disease was a significant risk factor in our study. This was
probably due to the different frequencies of underlying liver
disease between European and Japanese populations (21 vs.
77 %) [13].

The risk factors identified for organ/space SSI in the
present study were also different from those identified in
the Japanese study [3, 26]. The only risk factor for organ/
space SSIs in our study was concomitant bowel surgery.
This could be due to different indications for surgery. In
the Japanese study, liver resection was mainly performed
for treating hepatocellular carcinoma; but this disease was
rare in our study. In our study, liver resections were per-
formed for treating colorectal metastases, and this more
frequently required concomitant bowel surgery, including
operations for removing a primary tumor.

Concomitant bowel surgery was the only identified risk
factor for organ/space SSIs in our study. Although routine
drainage is not recommended after a liver resection [20],
the liver resection with concomitant bowel surgery may be
an indication for drainage to prevent organ/space SSIs.
This result was consistent with the previous finding that
infectious complications increased with simultaneous
hepatic and colorectal resections [31]. Avoiding simulta-
neous hepatic and colorectal resections would certainly be
effective in preventing organ/space SSIs, but this option
should be balanced with the risk of tumor progression in
the interval between separate operations. Our data sug-
gested that patients with both incisional and organ/space
SSIs had significantly longer hospital stays than those with
only one type of SSI. This indicated that it would be
beneficial to avoid simultaneous hepatic and colorectal
resections in patients with a high risk for incisional SSIs.

The clinical relevance of our study is that incisional
SSIs and organ/space SSIs differ in their clinical impact,
necessitating different prevention strategies for the two
types of SSIs. Although there were no SSI-related mor-
talities in our study, organ/space SSIs were significantly
more severe in terms of the Dindo—Clavien grade [21].
Furthermore, patients developing both incisional SSIs and
organ/space SSIs required the longest hospital stay. For
concurrent presence of both types of SSIs, concomitant
bowel and liver surgery was the most important risk factor
in patients without liver cirrhosis, especially in those with
colorectal liver metastasis. This indicates that in compro-
mised patients, e.g., those with high ASA scores, and with
underlying chronic hepatitis or multiple liver metastases
requiring a complicated surgical procedure with a long



World J Surg (2015) 39:1185-1192

1191

Table 6 List of previous publications on risk factors for SSIs after liver resection

Study no of subjects Type of SSI Risk factors

Yoshimura [24] n = 296 Incisional BMI, smoking, lack of drape use

Togo [25] n = 313 Both Operative duration, silk sutures, bile leakage
Kobayashi [12] n = 405 Both Bowel injury, blood loss, age

Okabayashi [13] n = 152 Incisional BMI, bile leakage, blood loss, glucose control
Harimoto [7] n = 125 Both Blood loss

Arikawa [26] n = 171 Organ/space Blood loss, bile leakage

Elola-Olaso [8] n = 2,332  Both or organ/space

Sadamori [3] n = 359 Organ/space

Nakahira [27] n = 911 Both

Kurmann [28] n = 116 Both Hepatic steatosis
Scilletta [29] n = 181 Both Operative duration

This study n = 226 Incisional Organ/space

Operative duration, smoking, dialysis, serum sodium, albumin, bilirubin, open wound
Repeat hepatectomy, bile leakage
Drain placement, operative duration

Anemia, ASA, liver disease, operative duration Concomitant bowel surgery

BMI body mass index, ASA American society of anesthesiologists

operation time, simultaneous resection of the liver and
colon should be avoided.

We reported the differing risk factors for incisional and
organ/space SSIs after liver resection. The relatively small
number of incisional SSIs (n = 29) and organ/space
(n = 9) SSIs patients is a limitation in our study. Espe-
cially in regard to the patients with organ/space SSIs, the
number was quite small. This may be the reason why
concomitant bowel and liver surgery was identified as the
only risk factor identified for organ/space SSIs. These
results should be confirmed in a larger cohort of patients in
the future study. This article alarms the clinical importance
and difference of incisional SSIs and organ/space SSIs.

In conclusion, risk factors for incisional SSIs included a
preoperative compromised condition and prolonged operation
times. In contrast, only concomitant bowel surgery was a risk
factor for organ/space SSIs. Precautions specifically designed
for avoiding organ/space and incisional SSIs may prevent
each type of SSI, and thus, may shorten the hospital stay.

Conflict of interest No financial disclosure or competing interests.
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