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Abstract

Background Surgical site infections (SSIs), particularly
organ/space SSIs, remain a common cause of major mor-
bidity after hepatectomy for hepatocellular carcinoma
(HCC).

Methods Risk factors for SSIs were analyzed in 359
patients who underwent hepatectomy for HCC between 2001
and 2010. The causative bacteria, management, outcome,
and characteristics of organ/space SSIs were investigated.
Results  Anatomic hepatectomy was performed for 296
patients (82.5%), and repeat hepatectomy was carried out for
59 patients (16.4%). SSIs developed in 52 patients (14.5%;
incisional, 24 cases; organ/space, 31 cases [3 patients
showed both incisional and organ/space SSIs]). No in-hos-
pital mortality related to incisional or organ/space SSIs was
encountered. Independent risk factors for SSIs were repeat
hepatectomy and operative time >280 min. Independent
risk factors for organ/space SSIs were repeat hepatectomy
and bile leakage. Methicillin-resistant Staphylococcus aur-
eus was detected more frequently in organ/space SSIs after
repeat hepatectomy than after initial hepatectomy.
Conclusions Repeat hepatectomy and bile leakage rep-
resent independent risk factors for organ/space SSIs after
hepatectomy for HCC. Establishing treatment strategies is
important for preventing postoperative bile leakage and
reducing the high rate of organ/space SSIs after repeat
hepatectomy.
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Introduction

Thanks to advances in surgical techniques and perioperative
management, the in-hospital mortality rate after hepatec-
tomy for hepatocellular carcinoma (HCC) has been greatly
improved [1-3]. However, relatively high morbidity rates
remain problematic, and surgical site infections (SSIs),
particularly organ/space SSIs, are still a common cause of
major morbidity after hepatectomy for HCC [4-9]. In recent
years, attention has increasingly been focused on the accu-
rate identification and monitoring of SSIs. The National
Nosocomial Infection Surveillance (NNIS) system estab-
lished by the Centers for Disease Control and Prevention
(CDC) in the United States provides a comprehensive
monitoring system that reports on trends in SSIs. The NNIS
system reported a high incidence of SSIs following colon
surgery, ranging from 3.2 to 13.3% (median) during the
period from January 1992 through June 2004 [10]. However,
the risk factors for organ/space SSIs after hepatectomy for
HCC under CDC guidelines have yet to be fully investigated.

In many centers, various types of hepatectomy have
recently been performed depending on the degree of hepatic
functional reserve and the location of the HCC. Anatomic
hepatectomy for HCC, including subsegmentectomy, report-
edly contributes to improving the prognosis of patients with
HCC [11-13]. In addition, the rate of repeat hepatectomies for
HCC recurrence has recently increased from 10 to 31% as the
prognosis for patients with HCC has improved [14—18].

In our institution, anatomic and repeat hepatectomies for
HCC have been performed aggressively [9, 13, 19]. We
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investigated risk factors for SSIs, incisional SSIs, and
organ/space SSIs following hepatectomies for HCC in the
present series, which included a large number of patients
with a high proportion of anatomic or repeat hepatecto-
mies. Furthermore, we also investigated the causative
bacteria, management, and outcomes of organ/space SSIs,
and strategies to reduce organ/space SSIs were considered.

Methods
Patients

Medical records of 359 patients who underwent hepatec-
tomy without biliary reconstruction for HCC in our
department between January 1, 2001, and March 31, 2010,
were studied retrospectively. The patients comprised 292
men and 67 women, with a mean age of 65 years (range
32-89 years). The etiology of liver disease was hepatitis C
virus in 163 patients, hepatitis B virus in 122 patients, both
hepatitis C virus and hepatitis B virus in 31 patients,
alcoholic liver disease in 16 patients, and other in 27
patients. Child—Pugh class was A in 332 patients and B in
27 patients. A total of 296 patients (82.5%) underwent
anatomic hepatectomy including subsegmentectomy.
Repeat hepatectomy was performed for 59 patients
(16.4%). Repeat hepatectomy was indicated when all
tumors detected on preoperative imaging could be resected
within the hepatic functional reserve. When recurrent HCC
tumors were <2 cm in maximum diameter and <3 tumors
were present, percutaneous ablation therapies were selected
despite the feasibility of repeat hepatectomy, depending on
tumor location in the liver.

Surgical procedure

Laparotomy was performed through a J incision in 287
patients, a Mercedes incision in 33 patients, a midline inci-
sion in 23 patients, and a thoraco-abdominal incision in 16
patients. Preoperative cholangiography was not usually
performed. Intraoperative ultrasonography was performed
to determine the extent of HCC and the line of parenchymal
transection. Parenchymal transection was performed using
an ultrasonic dissector (Sonop 5000; Aloka, Tokyo, Japan)
combined with bipolar electrocautery. Glisson’s pedicles in
the livers dissected by the ultrasonic dissector were ligated
and small pedicles were resected using metallic surgical
clips. For hemihepatectomies or extended operations, hilar
dissection was performed to divide the ipsilateral branches
of the hepatic artery and portal vein. The hepatic duct was
exposed inside the liver during parenchymal transection and
was ligated or oversewn using fine non-absorbable sutures.
Parenchymal transection in hemihepatectomy or extended

operations was performed largely without any occlusion of
vascular inflow. For segmentectomies or subsegmentecto-
mies, Glisson’s pedicle was transected at the hepatic hilus
and an intermittent Pringle maneuver was applied during
parenchymal transection.

Intraoperative cholangiography was undertaken for
selected patients when the integrity of the bile duct was in
doubt. A bile leakage test using a cholangiography catheter
was also performed for selected patients when many Glis-
son’s pedicles were exposed in the plane of the hepatic
resection. In principle, two abdominal drainage tubes were
systematically positioned and the method of placing the
drainage tubes was changed according to the type of hepa-
tectomy. In hemihepatectomy, one drainage tube was placed
on the cut surface of the liver and another was positioned at
the Winslow hiatus. In subsegmentectomy and segmentec-
tomy, one drainage tube was placed on the cut surface of the
liver and another was positioned in the right subphrenic
space. From 2001 to 2005, an open drainage system was
employed using 12-mm silicone Penrose drains (Kaneka,
Osaka, Japan). From 2006 to 2010, a closed drainage system
was used with 24-Fr BLAKE silicone drains (Johnson &
Johnson, Somerville, NJ, USA). Drains were removed when
the drainage was serous and contained no bile, usually
around postoperative day 5. Abdominal incisions were
closed in two layers, including fascia and skin. Fascia clo-
sure was performed with interrupted sutures using mono-
filament absorbable sutures. Subcutaneous suturing was
basically performed using absorbable sutures, and the skin
was closed using staples. Closures of midline and transverse
incisions were undertaken in the same manner.

Antimicrobial prophylaxis

Prophylactic antibiotic regimens were as follows. With
initial hepatectomy, a first-generation cephalosporin was
injected intravenously within 30 min prior to skin incision.
In patients who underwent operations lasting longer than
3 h, additional antimicrobial agents were injected intrave-
nously every 3 h, as recommended by CDC guidelines
[10]. These agents were also administered up to postoper-
ative day 2. In repeat hepatectomy, a second-generation
cephalosporin was injected intravenously in the same
manner as in the initial hepatectomy and continued until
postoperative day 3.

Intervention for methicillin-resistant Staphylococcus
aureus (MRSA)

With the exception of two emergency cases, all patients
underwent preoperative evaluation, including nasal culture
for MRSA. As a result, we found that 9 of the 359 patients
(2.5%) showed colonization with MRSA on admission to
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our institution. In these 9 patients with detection of MRSA
colonization from preoperative nasal cultures, decoloniza-
tion was performed using intranasal mupirocin therapy
(administered twice daily for 3-5 days preoperatively).
Prophylactic intravenous infusion of vancomycin was not
applied in the 9 patients with intranasal MRSA
colonization.

Definition of SSIs

SSIs were defined according to the NNIS system [10].
Using these criteria, SSIs are classified as either incisional
(superficial or deep) or organ/space. Criteria for a superfi-
cial incisional SSI included infection occurring at the
incision site within 30 days after surgery that involved only
the skin and subcutaneous tissue and at least one of the
following: (1) pus discharge from the incision; (2) bacteria
isolated from a sample culture from the superficial incision;
(3) localized pain, tenderness, swelling, redness, or heat;
and (4) wound dehiscence. Criteria for a deep incisional
SSI included infection of the fascia or muscle related to the
surgical procedure occurring within 30 days after surgery
and at least one of the following: (1) pus discharge from the
deep incision; (2) spontaneous dehiscence of the incision;
or (3) deliberate opening of the incision when the patient
displayed the previously described signs and symptoms of
infection. The definition of organ/space SSI was based on
postoperative findings of at least one of the following:
(1) purulent drainage from a drain without macroscopic
bile discharge; or (2) intraabdominal collection of purulent
fluid confirmed at the time of reoperation or percutaneous
drainage. If intraabdominal collection at the time of reop-
eration or percutaneous drainage contained macroscopic
bile discharge, bile leakage was considered to be present. If
the purulent fluid was drained first and macroscopic bile
leakage subsequently became apparent, this was defined as
bile leakage. In contrast, if drainage of purulent fluid was
still observed after the cessation of macroscopic bile
leakage, this was defined as an organ/space SSI.

Analysis of risk factors for SSIs and organ/space SSIs

Patient demographics, operative and tumor factors, and
preoperative liver function were evaluated to determine
impacts on the occurrence of SSIs, incisional SSIs, and
organ/space SSIs. Preoperative factors included patient
age, sex, etiology of liver disease, Child—Pugh classifica-
tion, indocyanine green dye retention rate at 15 min (ICG-
R15), serum albumin, history of diabetes mellitus, previous
radiofrequency ablation (RFA), and previous transarterial
chemoembolization (TACE). The cut-off level for ICG-
R15 was set at 20%, because an ICG-R15 level of <20%
has been reported as the safe limit for bisegmentectomy
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[3, 4, 6]. Surgical factors were evaluated for the type of
skin incision, type of hepatectomy, number of hepatecto-
mies, blood loss, operative time, blood transfusion, and
method of abdominal drainage. With regard to the type of
hepatectomy, anterior segmentectomies and medial (S4)
segmentectomies were subgrouped for analysis. The cut-
off point for operative time was determined by an analysis
of the receiver operating characteristics curve for SSIs.
Optimal cut-off for operative time was 277 min, offering
74.1% sensitivity and 68.0% specificity. We thus used
280 min as the cut-off level for operative time. Tumor
factors included the number of HCC lesions and the
maximum diameter of the HCC. The cut-off level for HCC
diameter was determined according to the results of pre-
vious reports that analyzed risk factors for morbidity after
hepatectomy for HCC [3, 4, 6, 9].

Investigation of characteristics of organ/space SSIs

Organ/space SSIs were classified according to the modified
Clavien system (Dindo et al. [20]): grade I, minor risk
events not requiring special treatment; grade II, potentially
life-threatening complications requiring pharmacological
treatment; grade III, complications requiring surgical,
endoscopic, or radiological intervention, either with (ITI-b)
or without (III-a) general anesthesia; grade IV, life-
threatening complications involving dysfunction of one
(IV-a) or multiple (IV-b) major organs; and grade V,
complications resulting in the death of the patient. The
management and outcomes for 31 patients with organ/
space SSIs were investigated. In addition, the causative
bacterium was identified for both incisional and organ/
space SSIs. Furthermore, in patients with organ/space SSIs,
pre- and intraoperative parameters, causative bacteria, and
hospital stay were compared between groups classified by
the number of hepatectomies.

Statistical analysis

Values for operative time, blood loss, and postoperative
hospital stay are presented as means =+ standard error of
the mean. Differences in qualitative variables were asses-
sed using Fisher’s exact test or the y test, while differences
in quantitative variables were analyzed using the Mann—
Whitney test. Uni- and multivariate logistic regression
analyses were used to identify risk factors for SSIs, inci-
sional SSIs, and organ/space SSIs, based on the 18 above-
mentioned clinical factors. Relative risk was described by
the estimated odds ratio (OR) with a 95% confidence
interval. Two-sided P values were computed and an effect
was considered significant at the level of P < 0.05. All
statistical analyses were performed using SPSS 1I statistical
software (SPSS, Tokyo, Japan).
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Table 1 Univariate analysis of variables associated with SSIs

Variable Patients Events OR 95% CI P
Age (years)

<50 29 4 1

50 to <70 201 31 1.54 0.48-4.96 0.468

>70 129 17 0.97 0.54-1.75 0.930
Sex

Male 292 43 1

Female 67 9 0.89 0.41-1.95 0.786
Etiology of liver disease

HCV-related 163 17 1

HBV-related 122 22 1.89 0.95-3.74 0.068

HCV + HBV 31 6 2.46 0.87-6.98 0.089

Alcohol 16 1 0.98 0.12-7.68 0.964
Child-Pugh class

A 332 50 1

B 27 2 0.45 0.10-1.96 0.289
ICG-R15 (%)

<20 251 42 1

>20 107 10 0.51 0.25-1.06 0.073
Albumin (g/dl)

>3.5 276 40 1

<3.5 83 12 0.99 0.49-2.00 0.994
Diabetes mellitus

Negative 287 39 1

Positive 72 13 1.39 0.70-2.78 0.343
Previous RFA

Absence 266 36 1

Presence 93 16 1.33 0.70-2.52 0.388
Previous TACE

Absence 305 41 1

Presence 54 11 1.65 0.79-3.45 0.186
Number of HCC lesions

1 216 30 1

>1 143 22 1.13 0.62-2.05 0.694
Diameter of HCC (cm)

<5 264 38 1

>5 95 14 1.03 0.53-1.99 0.935
Type of hepatectomy

Partial hepatectomy 63 5 1

Subsegmentectomy 63 9 1.21 0.91-1.61 0.187

Segmentectomy (A or M segmentectomy) 103 (42) 13 (7) 1.68 (2.32) 0.57-4.98 (0.68-7.87) 0.346 (0.177)

Hemihepatectomy 116 22 0.50 0.21-1.17 0.109

Trisegmentectomy 14 2 0.01 0.00 0.999
Number of hepatectomies

Initial 300 32 1

Repeat 59 20 8.27 2.24-8.24 <0.001
Blood loss (ml)

<2000 303 37 1

>2000 56 15 2.92 1.33-5.21 0.252
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Table 1 continued

Variable Patients Events OR 95% CI P
Operative time (min)

<280 233 22 1

>280 126 30 4.46 1.64-5.46 <0.001
Blood transfusion

Absence 251 27 1

Presence 108 25 2.05 1.37-4.55 0.003
Intraabdominal drainage

Open 172 22 1

Closed 187 30 1.70 0.72-2.36 0.383
Bile leakage

Absence 313 38 1

Presence 187 14 6.40 1.55-6.46 0.002

HCC hepatocellular carcinoma, SSI surgical site infection, OR odds ratio, CI confidence interval, HCV hepatitis C virus, HBV hepatitis B virus,
ICG-R15 indocyanine green retention rate at 15 min, RFA radiofrequency ablation, TACE transarterial chemoembolization, A anterior, M medial

Results
Risk factors for SSIs (Tables 1, 4)

SSIs developed in 14.5% of patients (n = 52), and 3 patients
showed both incisional and organ/space SSIs. Univariate
logistic regression analysis revealed several factors associated
with an increased risk of developing SSIs. Repeat hepatec-
tomy influenced the risk of developing SSIs, with an OR of
8.27 for initial hepatectomy. In contrast, neither previous RFA
nor TACE exerted any significant impact on the occurrence of
SSIs. Operative time of >280 min was associated with an
increased risk (OR 4.46; P < 0.001). The presence of blood
transfusion influenced the risk of developing SSIs. The pres-
ence of bile leakage was associated with an increased risk of
SSIs (OR 6.40; P = 0.002). Multivariate analysis regarding
SSIs confirmed both repeat hepatectomy and operative time of
>280 min as independent risk factors (Table 4).

Risk factors for incisional SSIs (Tables 2, 4)

The incidence of incisional SSIs was 6.7% (n = 24). Uni-
variate logistic regression analysis revealed that the pres-
ence of blood transfusion was associated with an increased
risk of developing an incisional SSI. The type of skin inci-
sion classified according to the presence or absence of a
transverse incision showed no significant influence on the
occurrence of incisional SSIs in this series. Multivariate
analysis regarding incisional SSI confirmed the presence of
blood transfusion as an independent risk factor (Table 4).

Risk factors for organ/space SSIs (Tables 3, 4)

The incidence of organ/space SSIs was 8.6% (n = 31).
Univariate logistic regression analysis revealed several
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factors associated with an increased risk of developing an
organ/space SSI. Repeat hepatectomy influenced the risk of
developing an organ/space SSI, with an OR of 4.29 compared
to initial hepatectomy. In contrast, neither previous RFA nor
TACE exerted any significant impact on the occurrence of
organ/space SSIs. The method of abdominal drainage (open
Penrose drains or closed suction drains) showed no significant
influence. Operative time of >280 min was associated with
an increased risk of an organ/space SSI (OR 2.99; P < 0.001).
The presence of bile leakage was likewise associated with an
increased risk (OR 3.16; P < 0.001). Multivariate analysis
regarding organ/space SSIs confirmed both repeat hepatec-
tomies and the presence of bile leakage as independent risk
factors (Table 4).

Management and outcomes of organ/space SSIs

The organ/space SSIs in 31 patients were classified as
follows: abscess on the cut surface of the liver in 26
patients; right subphrenic abscess in 4 patients; and liver
abscess in 1 patient. One of the 31 patients with an organ/
space SSI was treated by reoperation because of a right
subphrenic abscess, but died owing to myocardial infarc-
tion. Eleven patients needed percutaneous drainage of
organ/space SSIs and all of them were cured. Organ/space
SSIs in 19 patients healed with irrigation of the pre-existing
drain. As a result, the 31 patients with organ/space SSIs
were stratified according to the modified Clavien system as
follows: grade I, O patients; II, 13 patients; II-a, 15
patients; III-b, 2 patients; IV-a, 1 patient; IV-b, 0 patients;
and V, 0 patients. No mortality was associated with organ/
space SSIs in this series, but the postoperative hospital stay
was significantly longer for patients with organ/space SSIs
(53 £ 7.2 days) than for patients without organ/space SSIs
(27 £ 0.9 days, P = 0.001).
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Table 2 Univariate analysis of variables associated with incisional SSIs

Variable Patients Events OR 95% CI P
Age (years)

<50 29 1 1

50 to <70 201 15 1.94 0.31-12.2 0.477

>70 129 8 1.37 0.47-3.94 0.564
Sex

Male 292 20 1

Female 67 4 0.86 0.28-2.60 0.790
Etiology of liver disease

HCV-related 163 8 1

HBV-related 122 10 2.07 0.72-5.99 0.177

HCV + HBV 31 4 3.15 0.87-12.8 0.060

Alcohol 16 0 0.00 0.00 0.999
Child-Pugh class

A 332 24 1

B 27 0 0.00 0.00 0.998
ICG-R15 (%)

<20 251 21 1

>20 107 3 0.31 0.09-1.08 0.066
Albumin (g/dl)

>3.5 276 15 1

<3.5 83 9 2.11 0.88-5.01 0.091
Diabetes mellitus

Negative 287 17 1

Positive 72 7 1.69 0.68—4.26 0.260
Number of HCC lesions

1 216 12 1

>1 143 12 1.57 0.68-3.59 0.287
Diameter of HCC (cm)

<5 264 15 1

>5 95 9 1.73 0.73-4.09 0.213
Type of skin incision

Midline incision 23 1 1

Midline + transverse incision 320 21 1.54 0.19-12.0 0.678

Thoraco-abdominal incision 16 2 3.14 0.26-37.9 0.368
Type of hepatectomy

Partial hepatectomy 63 3 1

Subsegmentectomy 63 2 0.89 0.57-1.41 0.637

Segmentectomy (A or M segmentectomy) 103 (42) 6 (2) 1.25 (1.85) 0.30-5.21 (0.64-7.25) 0.754 (0.864)

Hemihepatectomy 116 11 1.44 0.74-2.78 0.275

Trisegmentectomy 14 2 1.48 0.79-2.79 0.219
Number of hepatectomies

Initial 300 19 1

Repeat 59 5 1.36 0.49-3.81 0.553
Blood loss (ml)

<2000 303 18 1

>2000 56 6 1.93 0.73-5.12 0.182
Operative time (min)

<280 233 13 1

>280 126 11 1.63 0.71-3.76 0.249
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Table 2 continued

Variable Patients Events OR 95% CI P
Blood transfusion

Absence 251 9 1

Presence 108 15 4.38 1.85-10.4 <0.001
Intraabdominal drainage

Open 172 12 1

Closed 187 12 0.92 0.40-2.10 0.843
Bile leakage

Absence 313 21 1

Presence 187 3 0.97 0.28-3.38 0.958

OR odds ratio, CI confidence interval, HCV hepatitis C virus, HBV hepatitis B virus, /CG-R15 indocyanine green retention rate at 15 min,

A anterior, M medial

Bacteria causing incisional and organ/space SSIs
(Table 5)

Causative bacteria for incisional and organ/space SSIs
comprised gram-positive cocci (GPC) in 17 patients
(70.8%) and 19 patients (61.3%), and gram-negative rods
(GNR) in 6 patients (25.0%) and 9 patients (29.0%),
respectively, indicating a similar proportion of GPC and
GNR in both incisional and organ/space SSIs. MRSA was
the causative bacteria in 12 of the 19 patients with an
organ/space SSI caused by GPC.

Comparison between initial and repeat hepatectomies
in patients with organ/space SSIs (Table 6)

We compared clinical parameters between initial and
repeat hepatectomies in patients with organ/space SSIs.
HCC diameter in patients with organ/space SSI who
underwent initial hepatectomy was significantly larger than
that in patients who underwent repeat hepatectomy. No
significant differences were seen between the groups in any
other preoperative parameters, including patient demo-
graphics and preoperative liver function. No significant
differences were identified between the two groups in
operative parameters, including blood loss, operative time,
and blood transfusion. The rate of bile leakage was similar
in the two groups. In contrast, in terms of the bacteria
causing organ/space SSIs, MRSA was detected signifi-
cantly more frequently in the repeat hepatectomy group
than in the initial group.

Discussion

Rates of SSIs after hepatectomy for liver tumors and
benign lesions have been reported to range from 4.6 to
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25.2% [21-28]. Several studies have indicated that the
incidence of SSIs after hepatectomy is higher for HCC than
for metastatic liver cancer [25, 26]. A high prevalence of
infectious complications in patients with cirrhosis or
chronic liver dysfunction has been demonstrated after
abdominal surgical procedures [29-31], and this can be
attributed to the impaired reticulo-endothelial system [32].
In addition, Schindl et al. [33] reported a close relationship
between the volume of resected liver and the incidence of
postoperative infection. The high rate of major hepatec-
tomy (hemi-hepatectomy or tri-segmentectomy) in the
present series might be associated with the high incidence
of SSIs (14.5%).

In the 1980s and 1990s, organ/space SSI formation after
hepatectomy was reported as a fatal complication causing
liver failure and death [34-36]. Although rates of organ/
space SSIs after hepatectomy have been reported as rang-
ing from 4.7 to 25%, rates of hospital mortality caused by
organ/space SSIs have declined [6-9, 22, 26]. Several
groups have reported high patient age and the presence of
diabetes mellitus as independent risk factors for organ/
space SSIs [22, 25]. However, these variables were not
identified as independent risk factors for organ/space SSI in
the present study. Our key result was the identification of
repeat hepatectomy as an independent risk factor for organ/
space SSIs, suggesting that treatment strategies need to be
established to reduce the high rate of organ/space SSIs after
repeat hepatectomy.

In the present study, MRSA was detected more fre-
quently in organ/space SSIs after repeat hepatectomy
compared with the detection rate after initial hepatectomy.
We assume that most organ/space SSIs with MRSA after
repeat hepatectomy develop as a result of contamination
arising from the surgical procedure coming into contact
with intraabdominal MRSA colonization or micro-absces-
ses containing MRSA that had been formed after the initial
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Table 3 Univariate analysis of variables associated with organ/space SSIs

Variable Patients Events OR 95% CI P
Age (years)

<50 29 4 1

50 to <70 201 17 0.87 0.25-3.03 0.826

>70 129 10 0.72 0.39-1.34 0.308
Sex

Male 292 25 1

Female 67 6 1.05 0.41-2.67 0.918
Etiology of liver disease

HCV-related 163 11 1

HBV-related 122 16 2.12 0.85-4.60 0.082

HCV + HBV 31 2 1.09 0.27-5.26 0.912

Alcohol 16 1 0.92 0.11-7.63 0.939
Child-Pugh class

A 332 29 1

B 27 2 0.84 0.19-3.71 0.814
ICG-R15 (%)

<20 251 24 1

>20 107 7 0.66 0.28-1.59 0.355
Albumin (g/dl)

>3.5 276 27 1

<3.5 83 4 0.47 0.16-1.37 0.167
Diabetes mellitus

Negative 287 25 1

Positive 72 6 0.95 0.37-2.41 0.912
Previous RFA

Absence 266 21 1

Presence 93 10 1.41 0.64-3.11 0.400
Previous TACE

Absence 305 24 1

Presence 54 7 1.74 0.71-4.28 0.224
Number of HCC lesions

1 216 19 1

>1 143 12 0.95 0.47-2.02 0.894
Diameter of HCC (cm)

<5 264 26 1

>5 95 5 0.51 0.19-1.36 0.179
Type of hepatectomy

Partial hepatectomy 63 3 1

Subsegmentectomy 63 8 1.30 0.92-1.84 0.135

Segmentectomy (A or M segmentectomy) 103 (42) 9(5) 1.92 (2.70) 0.50-7.39 (0.61-11.9) 0.341 (0.191)

Hemihepatectomy 116 11 1.44 0.74-2.78 0.275

Trisegmentectomy 14 0 0.02 0.00 0.999
Number of hepatectomies

Initial 300 14 1

Repeat 59 17 4.29 3.79-18.0 <0.001
Blood loss (ml)

<2000 303 21 1

>2000 56 10 2.63 1.29-6.59 0.010
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Table 3 continued

Variable Patients Events OR 95% CI P
Operative time (min)

<280 233 10 1

>280 126 21 2.99 2.03-9.81 <0.001
Blood transfusion

Absence 251 17 1

Presence 108 14 2.49 0.97-4.32 0.060
Intraabdominal drainage

Open 172 11 1

Closed 187 20 1.30 0.81-3.77 0.151
Bile leakage

Absence 313 18 1

Presence 187 13 3.16 2.90-14.3 <0.001

OR odds ratio, CI confidence interval, HCV hepatitis C virus, HBV hepatitis B virus, /ICG-R15 indocyanine green retention rate at 15 min, RFA
radiofrequency ablation, TACE transarterial chemoembolization, A anterior, M medial

Table 4 Multivariate analysis of risk factors for SSIs

Variable OR 95% CI P

SSIs
Number of hepatectomies 3.43 1.73-6.80 <0.001
(initial vs. repeat)
Operative time 2.32 1.22-4.43 0.011
(<280 vs. >280 min)

Incisional SSIs
Blood transfusion 7.56 2.58-22.1 <0.001
(absence vs. presence)

Organ/space SSIs
Number of hepatectomies 6.15 2.69-14.1 <0.001
(initial vs. repeat)
Bile leakage 3.01 1.20-7.56 0.018

(absence vs. presence)

hepatectomy. This assumption may be supported by our
finding that the method of abdominal drainage (open or
closed) had no significant influence on the occurrence of
organ/space SSIs. If this assumption is valid, preoperative
MRSA intervention, consisting of nasal culture and decol-
onization of nasal MRSA, will not greatly reduce the
occurrence of organ/space SSIs involving MRSA after
repeat hepatectomy. Walsh et al. [37] recently reported that
an MRSA intervention program, in which all patients
received intranasal mupirocin and patients colonized with
MRSA received prophylactic intravenous infusion of van-
comycin, resulted in near-complete and sustained elimina-
tion of MRSA SSIs after cardiac surgery. Regarding
patients who undergo repeat hepatectomies, the preopera-
tive detection of intraabdominal colonization or a micro-
abscess containing MRSA is difficult. MRSA intervention
programs thus need to be improved, particularly for patients
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Table 5 Causative bacteria of incisional and organ/space SSIs

Causative bacteria Incisional Organ/space
(n =24) (n =31)
Gram-positive cocci
MRSA 8 12
MSSA 0 1
S. epidermidis 4 2
Enterococcus sp. 4 4
Streptococcus sp. 1 0
Total 17 (70.8%) 19 (61.3%)
Gram-negative bacilli
Escherichia coli 1 2
Klebsiella sp. 2 1
Pseudomonas sp. 2 4
Enterobacter sp. 1 1
Bacteroides sp. 0 1
Total 6 (25.0%) 9 (29.0%)
Negative 1 3

MRSA methicillin-resistant Staphylococcus aureus, MSSA methicil-
lin-sensitive Staphylococcus aureus

who undergo repeat hepatectomies, by considering the
prophylactic intravenous administration of vancomycin.

In the present study, repeat hepatectomy was identified
as an independent risk factor for SSIs and organ/space
SSIs, but previous RFA and TACE were not independent
risk factors. Repeat hepatectomy for recurrent HCC is
useful in establishing good long-term outcomes. The
cumulative 5-year survival rates after a second hepatec-
tomy have been reported to be 41-69% [14—-19]. RFA has
recently been confirmed as a safe and promising therapy
for recurrent HCC after hepatectomy. However, sufficient
evidence does not exist to confirm whether RFA actually
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Table 6 Comparison between initial and repeat hepatectomies in
patients with organ/space SSIs

Number of hepatectomies P
Initial Repeat
(n=14) (n=17)
Age (years) 59.6 £ 3.2 622 £25 0.523
Etiology of liver disease
HCV-related 5 5 0.713
HBV-related 6 11 0.231
HCV + HBV 2 0 0.113
Child-Pugh class
A/B 14/0 1572 0.192
ICG-R15 (%) 12.7 £ 1.7 185 £ 34 0.149
Albumin (g/dl) 4.0 £ 0.1 39+0.1 0.610
Diabetes mellitus
Negative/positive 12/2 13/4 0.524
Number of HCC lesions
1/>1 11/3 8/9 0.078
Diameter of HCC (cm) 4.5 £ 0.9 24 +£03 <0.05
Type of hepatectomy
Partial hepatectomy 0 3 0.104
Subsegmentectomy 3 5 0.619
Segmentectomy 4 5 0.960
Hemihepatectomy 7 4 0.132
Trisegmentectomy 0 0
Blood loss (ml) 1833 £ 511 1697 + 307 0.822
Operative time (min) 333 £ 11 343 + 29 0.767
Blood transfusion
Absence/presence 9/5 8/9 0.345
Bile leakage
Absence/presence 9/5 10/7 0.531
MRSA
Negative/positive 12/2 7/10 <0.05
Hospital stay (days) 41 £ 7 63 £ 11 0.111

HCYV hepatitis C virus, HBV hepatitis B virus, ICG-R15 indocyanine
green retention rate at 15 min, MRSA methicillin-resistant Staphylo-
coccus aureus

improves long-term outcomes. The cumulative 5-year
survival rates after RFA for recurrent HCC after hepatec-
tomy have been reported to be 18-51.6% [38-40]. RFA is
sometimes ineffective for HCC on the liver surface or near
large vessels. In addition, postoperative adhesions between
the remnant liver and gastrointestinal tract may prevent
safe percutaneous RFA in patients with recurrent HCC.
In several previous reports, similar to findings in the
present study, bile leakage has also been identified as an
independent risk factor for organ/space SSIs [22, 24, 28].
We have previously reported that latent stricture of the
biliary anatomy owing to previous treatment for HCC is the

main cause of intractable bile leakage requiring invasive
treatment, such as endoscopic therapy or interventional
biliary drainage [9]. At present, we perform preoperative
assessment of biliary anatomy, using computed tomogra-
phy cholangiography or magnetic resonance imaging
with cholangiopancreaticography in selected patients:
(1) patients who underwent anatomic hepatectomy;
(2) patients who received RFA for HCC located adjacent to
Glisson’s capsule in the hepatic hilar region; or (3) patients
who received TACE in which embolization of the feeding
artery was undertaken from the level of the left or right
hepatic artery.

In conclusion, this study has revealed that repeat hepa-
tectomy and the presence of postoperative bile leakage are
independent risk factors for organ/space SSIs, and MRSA
is the main causative bacteria in organ/space SSIs after
repeat hepatectomy for HCC. The establishment of treat-
ment strategies is important for preventing postoperative
bile leakage and for reducing the high rate of organ/space
SSIs after repeat hepatectomy.

Conflict of interest None.
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