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OBJECTIVE.
DESIGN.
SETTING.

To evaluate the risk factors for surgical site infection (SSI) after gastric surgery in patients in Korea.

A nationwide prospective multicenter study.
Twenty university-affiliated hospitals in Korea.

METHODS. The Korean Nosocomial Infections Surveillance System (KONIS), a Web-based system, was developed. Patients in 20 Korean
hospitals from 2007 to 2009 were prospectively monitored for SSI for up to 30 days after gastric surgery. Demographic data, hospital
characteristics, and potential perioperative risk factors were collected and analyzed, using multivariate logistic regression models.
RESULTS. Of the 4,238 case patients monitored, 64.9% (2,752) were male, and mean age (±SD) was 58.8 ( ± 12.3) years. The SSI rates
were 2.92, 6.45, and 10.87 per 100 operations for the National Nosocomial Infections Surveillance system risk index categories of 0, 1, and
2 or 3, respectively. The majority (69.4%) of the SSIs observed were organ or space SSIs. The most frequently isolated microorganisms
were Staphylococcus aureus and Klebsiella pneumoniae. Male sex (odds ratio [OR], 1.67 [95% confidence interval (CI), 1.09-2.58]), increased
operation time (1.20 [1.07-1.34] per 1-hour increase), reoperation (7.27 [3.68-14.38]), combined multiple procedures (1.79 [1.13-2.83]),
prophylactic administration of the first antibiotic dose after skin incision (3.00 [1.09-8.23]), and prolonged duration (>7 days) of surgical
antibiotic prophylaxis (SAP; 2.70 [1.26-5.64]) were independendy associated with increased risk of SSI.
CONCLUSIONS.

Male sex, inappropriate SAP, and operation-related variables are independent risk factors for SSI after gastric surgery.
Infect Control Hosp Epidemiol 2012;33(6):572-580

Surgical site infections (SSIs) are the leading cause of nosocomial infection. The development of SSIs results in prolonged hospital stay, extra costs, and increased morbidity and
mortality.1,2 A system for infection surveillance and to provide
feedback to practicing surgeons regarding infection rates was
effective in reducing rates of SSI in previous studies.3'4 In
addition, it is important to establish the risk factors for SSI,
to prevent infectious complications after surgery by improving correctable factors.
A nationwide prospective multicenter Web-based surveil-

lance system for nosocomial infections, the Korean Nosocomial Infections Surveillance System (KONIS), was developed in Korea in 2006.5 Gastric surgery was one of the most
frequently performed surgical procedures in Korea in 2009
(39.64 operations per 100,000 population); 6 when employing
surveillance for SSIs and risk factor analyses in Korea, gastric
surgery was given priority over other surgical procedures. A
number of studies have shown that wound class, patient age,
body mass index (BMI), duration of operation, laparoscopic
procedure, and multiple doses of prophylactic antibiotics
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were factors associated with SSIs after gastric surgery.7"10 However, all of these studies except one were performed in a single
center and with small numbers of patients. Moreover, they
did not take into account the effects of surgical antibiotic
prophylaxis (SAP) on the development of SSI after gastric
surgery, and this might be one of most important risk factors.11 We performed a prospective multicenter study of a
large number of patients undergoing gastric surgery in Korea,
to characterize SSI and identify the risk factors associated
with SSI, including variables of SAP quality.
METHODS
Twenty hospitals across Korea participated in this prospective
survey of SSI after gastric surgery from 2007 to 2009 as part
of KONIS.5 These hospitals volunteered to participate in
KONIS on a yearly basis; to qualify for participation, it was
mandatory that hospitals undergo consecutive 6-month surveillance from July to December. Participating infection control practitioners (ICPs) were trained before surveillance was
started each year, to assure standardized practices. All of the
data were collected prospectively according to a common
protocol. Patients aged 20 years or younger were excluded
from the surveillance. The ethics committee of Seoul National
University Bundang Hospital approved the study.
Gastric surgery was defined according to the National Nosocomial Infections Surveillance (NNIS) system as incisions
and excisions of the stomach performed in an operating
room, including laparoscopic procedures.12 Patients were routinely followed up during hospital stay and after discharge,
and surgeons or surgical nurses, infectious diseases physicians, or ICPs prospectively monitored these patients for SSI
until SSI developed or until 30 days after surgery. Participating patients visited the outpatient department (OPD) or
emergency room of each hospital after they were discharged
when they experienced any kind of wound problems or fever.
The surgeons also performed a regular OPD-based followup for every discharged patient until 30 days after surgery
was performed. If a patient did not visit the OPD as scheduled, ICPs interviewed the patient by telephone on the 30th
day after surgery was performed.
We used the definition of SSI proposed by the Centers for

Disease Control and Prevention.13 Demographic data on the
patients, the presence of underlying gastric cancer, hospital
characteristics, and possible perioperative variables associated
with the development of SSI were collected. Perioperative
variables were as follows: length of preoperative hospital stay,
wound class,14 American Society of Anesthesiology physical
score,15 duration of surgery, emergency status, whether reoperation was performed at the same site within the surveillance period, packed red blood cell (PRBC) transfusion
within 24 hours before or after surgery, laparoscopic versus
open gastric surgery, simultaneous surgery at a different anatomical site through the same incision, presence of diabetes
mellitus (DM), obesity (BMI >25), a history of smoking
within 1 month before the surgery was performed, current
use of any form of systemic steroid for 1 week or more before
the surgery was performed, and presence or absence of infection at other sites. The following variables associated with
SAP quality were also collected: type of antibiotic selected,
timing of administration of the first dose, and duration of
SAP. Clinical information about SSI, including microbiologic
data, was collected for cases of SSI. All of the data were
registered in the web-based system developed by KONIS. SSI
rates were analyzed as numbers of infections per 100 surgical
procedures and stratified by their NNIS risk index
categorization.16
Statistical analyses were conducted to identify risk factors
associated with SSI after gastric surgery was performed
(PASW Statistics, ver 18.0.0). Univariate analyses were performed to screen potential risk factors with P values less than
.10 (using Student f test, x2 test, or Fisher exact test, depending on the type of measurement). Multivariate linear
logistic regression models were formulated and tested to adjust for covariates. Adjusted odds ratios (ORs) and their 95%
confidence intervals (CIs) were calculated, and type I error
levels less than 0.05 were considered statistically significant.
In the analysis of SAP quality, we excluded patients to whom
antibiotics were administered preoperatively because of infection at any anatomical site. The NNIS risk index categories
were not included in the multivariate analysis because each
component was already included in the model.

i. Pooled Means and Key Percentiles of the Distribution of Surgical Site Infection (SSI)
Rates* by the National Nosocomial Infections Surveillance Risk Index Categories after Gastric Surgery
in the Korean Nosocomial Infections Surveillance System from 2007 to 2009
TABLE

Percentile
Risk index
category
0
1
2 or 3b

No. of
hospitals

No. of
procedures

No. of
SSIs

Pooled
mean

20
20
16

3,046
1,100
92

89
71
10

2.92
6.45
10.87

10

25

50
(median)

75

90

0
0

0
1.41

2.42
4.84

3.80
9.62

6.86
19.35

Per 100 operations.
The percentile distribution was not calculated because the number of hospitals was small.

https://doi.org/10.1086/665728 Published online by Cambridge University Press

573

574

I N F E C T I O N CONTROL AND H O S P I T A L E P I D E M I O L O G Y

JUNE 2 0 1 2 , V O L . 3 3 , N O . 6

. ^ ^ _ ~ - — - ~ - ~ .

160 -

•j^

140-

y

120 100-

•

80 -

•

•

•

•

*

*

-

•

/

/

60-

/

40 20-

n0

2

4

6

8

10 12 14 16 18 20
Days after gastric surgery

22

24

26

28 30

1. Cumulative number of cases of surgical site infection
(SSI) developed during the 30-day surveillance period after gastric
surgery in the Korean Nosocomial Infections Surveillance System
between 2007 and 2009.
FIGURE

RESULTS
All of the hospitals participating in the study were universityaffiliated teaching hospitals; 8 (40.0%) of these hospitals had
900 beds or more. The total duration of surveillance for the
20 hospitals was 234 months: 6 months in 6 hospitals, 12
months in 9 hospitals, and 18 months in 5 hospitals. A total
of 4,297 gastric operations were performed during the study
period (41-766 cases, depending on the hospital), and the
average frequency of procedures was 18.4 per month
(4.5-87.8 cases per month). A total of 59 cases (1.4%) were
excluded from the analysis because of loss to follow-up (33
patients), transfer to other hospitals (6 patients), or death
before completion of surveillance (20 patients). The sex distribution did not differ between the excluded and included
patients (P — .123). However, the excluded patients were
older (P = .035) and belonged to higher NNIS risk index
categories (P = .02). Of the 4,238 patients who received gastric surgery in the analysis, 64.9% (2,752) were male, with a
mean age ± SD of 58.8 ± 12.3 years. The underlying illness
leading to gastric surgery was gastric cancer in 3,968 cases
(93.6%). The 75th-percentile cutoff value of the duration of
surgery in this study was 260 minutes.
Data about SAP were collected in 4,136 cases; 102 cases
(2.4% of 4,238) in which antibiotics were administered preoperatively to treat documented infection were excluded from
analysis. Second-generation cephalosporins, most of which
were cephamycins such as cefotetan or cefminox, and firstgeneration cephalosporins were selected for the SAP regimen
in 52.8% (2,182/4,136) and 38.7% (1,600/4,136) of the cases,
respectively. Prophylactic administration of antibiotics other
than cephalosporins or antibiotic combinations was very uncommon. Most of the SAP (96.1% [3,974/4,136]) was performed within 60 minutes before the incision was made. The
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duration of SAP was analyzed in 4,125 cases, after 11 cases
were excluded for which the data were not available. The
median duration of SAP was 4 days (range, 1-30). The proportion of cases for which SAP was maintained for 24 hours
or less after surgery was only 14.2% (584/4,125).
Among the 4,238 cases that were followed up for 30 days
after surgery was performed, most were followed up as scheduled; contact by telephone was necessary in only 119 cases
(2.8%). SSI occurred in 170 of the 4,238 cases, giving an
overall rate of SSI of 4.01% (Table 1). The median length of
time between surgery and diagnosis of SSI was 8 days (range,
1-30 days; Figure 1). A diagnosis of SSI was made after patient
discharge in 27 (15.9%) of the 170 cases of the total confirmed
SSI; none of these diagnoses were made via a telephone interview. The majority (69.4% [118/170]) of SSIs that occurred
after gastric surgery was organ or space SSI; only 18.2% and
12.4% were deep-incisional and superficial-incisional SSIs,
TABLE 2. Microbiologic Findings for 142 Microorganisms Isolated
from 112 Patients with Surgical Site Infections after Gastric Surgery
from 2007 to 2009 in the Korean Nosocomial Infections Surveillance
System
Microbiologic findings"

No. (%)

Gram-positive cocci
Staphylococcus aureus
Methicillin-resistant S. aureus
Viridans streptococci
Enterococcus faecalis
Coagulase-negative staphylococci
Enterococcus faecium
Vancomycin-resistant E. faecium
Streptococcus pneumoniae
Otherb
Gram-negative rods
Klebsiella pneumoniae
Cefotaxime-resistant K. pneumoniae
Enterobacter cloacae
Enterobacter aerogenes
Pseudomonas aeruginosa
Escherichia coli
Citrobacter freundii
Acinetobacter baumannii
Serratia marcescens
Citrobacter braakii
Morganella morganii
Stenotrophomonas maltophilia
Other'
Other
Candida species
Erysipelothrix rhusiopathiae
Bacteroides species

53 (37.3)
14 (9.9)
10
12 (8.5)
10 (7.0)
9 (6.3)
4 (2.8)
1
2 (1.4)
2 (1.4)
80 (56.3)
14 (9.9)
3
12 (8.5)
10 (7.0)
9 (6.3)
7 (4.9)
5 (3.5)
4 (2.8)
4 (2.8)
3 (2.1)
2 (1.4)
2 (1.4)
8 (5.6)
9 (6.3)
7 (4.9)
1 (0.7)
1 (0.7)

a

A total of 27 patients had polymicrobial infections.
Enterococcus species (1) and unidentified gram-positive cocci (1).
c
Acinetobacter calcoaceticus (1), Aeromonas hydrophila (1), Chryseobacterium meningosepticum (1), Enterobacter species (1), Hafnia alvei
(1), Klebsiella oxytoca (1), Proteus mirabilis (1), and Proteus vulgaris
(1).
b

TABLE 3. Characteristics of Gastric Surgery Patients according to Surgical Site Infection (SSI) Status and Unadjusted
Odds Ratios (ORs) for SSIs in the Korean Nosocomial Infections Surveillance System between 2007 and 2009
SSI status
Variable
Hospital-related variables
Hospital size >900 beds
Monthly no. of operations
<10
10-20
>20
Duration of participation, months
6
12
18
Patient- and operation-related variables
Male sex
Age," mean years ± SD
Age group, years
<50
50-59
60-69
>70
Underlying illness
Benign diseases
Gastric cancer
Mean hospital-days before operationb ± SD
Contaminated or dirty wound
ASA score >3
Operation time,c mean minutes ± SD
Operation time >75th percentile
Laparoscopic surgery
NNIS risk index category
0
1
2,3
Reoperation
Emergency operation
Transfusion of packed RBC
No transfusion
1-2 pints
3-4 pints
>5 pints
Multiple procedures
DM
Body mass index
<25
25-30
>30
Smoking within 1 month before surgery
Current systemic steroid use
Infections in other anatomical sites
SAP, proportion (%) of patients'1
Type of antibiotic selection
First-generation cephalosporin
Second-generation cephalosporin
Third-generation cephalosporin
Antibiotic combinations
Other
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Positive
(n = 170)

Negative
(« = 4,068)

OR (95% CI)

109 (64)

2,862 (70) 0.75 (0.55-1.04)

65 (38)
55 (32)
50 (29)

1,349 (33)
Reference
1,232 (30) 0.93 (0.64-1.34)
1,487 (37) 0.70 (0.48-1.02)

39 (23)
70 (41)
61 (36)

991 (24)
Reference
1,616 (40) 1.10 (0.74-1.64)
1,461 (36) 1.06 (0.70-1.60)

135 (79)
61 ± 11
28
39
59
44

(17)
(23)
(35)
(26)

2,616 (64) 2.14 (1.47-3.12)"
59 ± 12
1.16 (1.02-1.32)*
992
1,002
1,202
872

(24)
Reference
(25) 1.38 (0.84-2.26)
(30) 1.74 (1.10-2.75)*
(21) 1.79 (1.10-2.90)*

11(6)
159 (94)
4 ± 4
7(4)
17 (10)
244 ± 95
67 (39)
38 (22)

259 (6)
3,809 (94)
4 ± 5
37(1)
283 (7)
207 ± 83
874 (22)
1,201 (30)

0.98
1.01
4.68
1.49
1.30
2.38
0.69

Reference
(0.53-1.83)
(0.97-1.04)
(2.06-10.65)*
(0.89-2.49)
(1.18-1.42)**
(1.73-3.26)**
(0.48-0.99)*

89 (52)
71 (42)
10(6)
19(11)
12(7)

2,957 (73)
1,029 (25)
82 (2)
53(1)
88 (2)

2.29
4.05
9.53
3.44

Reference
(1.67-3.16)**
(2.03-8.07)**
(5.51-16.50)*
(1.84-6.41)**

139 (82)
16(9)
7(4)
8(5)
38 (22)
35 (21)

3,692 (91)
274 (7)
64(2)
38(1)
397 (10)
509 (13)

1.55
2.91
5.59
2.66
1.81

Reference
(0.91-2.64)
(1.31-6.46)**
(2.56-12.21)*
(1.83-3.88)**
(1.24-2.66)**

115 (68)
49 (29)
6(4)
52 (31)
6(4)
7(4)

2,942 (72)
1,020 (25)
106 (3)
905 (22)
54(1)
58(1)

1.23
1.45
1.54
2.72
2.97

Reference
(0.87-1.73)
(0.62-3.37)
(1.10-2.15)*
(1.15-6.41)*
(1.33-6.61)*

53/149
76/149
8/149
6/149
6/149

(36) 1,547/3,987 (39)
Reference
(51) 2,106/3,987 (53) 1.05 (0.74-1.51)
(5)
175/3,987 (4) 1.33 (0.62-2.85)
(4)
109/3,987 (3) 1.61 (0.68-3.82)
(4)
50/3,987 (1) 3.50 (1.44-8.53)**
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TABLE 3 (Continued)

SSI status
Positive
(« = 170)

Variable
Timing of administration of first dose, minutes before incision
>60
31-60
1-30
During or after incision
Duration of SAP, days
0-1
2
3-4
5-6
>7

Negative
(« = 4,068)

OR (95% CI)

104/3,987 (3) 1.93 (0.88-4.24)
7/149 (5)
22/149 (15)
544/3,987 (14) 1.16 (0.73-1.84)
Reference
115/149 (77) 3,293/3,987 (83)
5/149 (3)
46/3,987 (1) 3.11 (1.21-7.98)*
12/147 (8)
572/3,978 (14)
16/147 (11) 697/3,978 (18) 1.10
44/147 (30) 1,415/3,978 (36) 1.48
35/147 (24)
765/3,978 (19) 2.18
40/147 (27)
529/3,978 (13) 3.60

Reference
(0.51-2.33)
(0.78-2.83)
(1.12-4.24)*
(1.87-6.95)**

NOTE. Data are no. (%) of patients, unless otherwise indicated. Bold values indicate factors with potential statistical
significance (P< .10). ASA score, American Society of Anesthesiology physical score; DM, diabetes mellitus; NNIS, National
Nosocomial Infections Surveillance System; RBC, red blood cells; SAP, surgical antibiotic prophylaxis.
a
Per 10-year increase.
b
Per 1-day increase.
c
Per 1-hour increase.
d
We excluded 102 cases in which antibiotics were used for treatment of preoperative infections. We also excluded 11 cases
in the analysis of duration of SAP because of missing data.
* P<.05.
** P<.01.
respectively. We isolated 142 microorganisms from 112 patients who had SSI, and 27 patients (24.1%) had polymicrobial infections (Table 2).
The results of univariate analysis of potential risk factors
for SSI after gastric surgery are presented in Table 3. Several
variables were associated with an increased risk of SSI, while
there was evidence of laparoscopic surgery being associated
with reduced risk. Hospital size, monthly volume of gastric
surgery, the duration of participation in this study, and the
presence of gastric cancer did not affect the risk of SSI. A
multivariate logistic regression model excluding the variables
for SAP quality demonstrated that male sex (OR, 1.70 [95%
CI, 1.13-2.55]), longer operation time (1.19 [1.07-1.33] per
1-hour increase), reoperation (8.54 [4.76-15.32]), a transfusion of PRBC of 5 pints or more (2.54 [1.01-6.42]), additional procedures performed at other anatomical sites (1.94
[1.28-2.95]), and DM (1.71 [1.14-2.54]) were associated with
increased risk of SSI (Table 4). We reanalyzed the data after
including the variables related to SAP quality but excluding
the 113 cases for which the data were not adequate for analyzing the effect of SAP. Male sex (1.67 [1.09-2.58]), longer
operation time (1.20 [1.07-1.34] per 1-hour increase), reoperation (7.27 [3.68-14.38]), and multiple procedures (1.79
[1.13-2.83]) remained independent risk factors for SSI after
adjusting for the effect of SAP (Table 4). In the analysis of
the effect of SAP quality, the type of antibiotic selected was
not associated with SSI. However, the risk of SSI for patients
who received the first antibiotic dose during or after the skin
incision was made was significantly higher than it was for
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those patients who received the first antibiotic 1-30 minutes
before the incision was made (3.00 [1.09-8.23]). Prolonged
duration of SAP did not reduce the risk of SSI. In fact, duration of SAP of 7 days or more was associated with an
increased risk of SSI (2.70 [1.26-5.64]).
DISCUSSION
We have described the results of a large prospective nationwide survey of SSI that develops after gastric surgery in Korea.
Twenty (21.7%) of the 92 hospitals nationwide that had 500
beds or more volunteered to participate in this study. A total
of 4,297 patients who had gastric surgery were monitored
during the study period; these patients accounted for 16.3%
of the 26,310 gastric operations performed nationwide over
the same period. 17 The 30-day period of surveillance was
completed in 98.6% (4,238/4,297) of the cases; the effect of
the excluded cases on the analysis of SSI rates and risk factors
should be minimal.
The NNIS risk index category was also a significant variable
predicting SSI after gastric surgery in our univariate analysis.
Rates of SSI after gastric surgery in KONIS were higher than
rates of SSI after gastric surgery performed during the same
period in the United States according to the National Healthcare Safety Network (NHSN): 18 3.86 versus 1.72, respectively,
were in risk categories 0 or 1 ( P < .001) and 10.87 versus
4.23, respectively, were in risk categories 2 or 3 (P = .006).
The 75th-percentile cutoff point for the duration of gastric
surgery in KONIS was 260 min, which is much longer than

TABLE 4. Multivariate Analysis of Risk Factors for Surgical Site Infections after Gastric Surgery With
and Without Considering the Effect of Surgical Antibiotic Prophylaxis (SAP) in the Korean Nosocomial
Infections Surveillance System between 2007 and 2009
Adjusted odds ratios (95% CI)
Variable
Hospital-related variables
Hospital size >900 beds
Monthly no. of operations
<10
10-20
>20
Patient- and operation-related variables
Male
Ageb
Duration of operation'
Wound class
Clean or clean-contaminated
Contaminated or dirty
Laparoscopic surgery
Reoperation
Emergency operation
Transfusion of packed RBC
No transfusion
1-2 pints
3-4 pints
>5 pints
Multiple procedures
DM
Smoking within 1 month
Current systemic steroid use
Infections in other anatomical sites
SAP-related variables
Type of antibiotic selection
First-generation cephalosporin
Second-generation cephalosporin
Third-generation cephalosporin
Antibiotic combinations
Other
Timing of administration of first dose
>60 minutes before incision
31-60 minutes before incision
1-30 minutes before incision
During or after incision
Duration of SAP, days
0-1
2
3-4
5-6
>7

Without SAP effect

With SAP effect*

0.75 (0.26-2.13)

0.48 (0.11-2.06)

Reference
1.15 (0.40-3.32)
1.19 (0.42-3.41)

Reference
2.22 (0.51-9.69)
2.66 (0.62-11.45)

1.70 (1.13-2.55)*
1.13 (0.98-1.30)
1.19 (1.07-1.33)**

1.67 (1.09-2.58)*
1.14 (0.98-1.33)
1.20 (1.07-1.34)**

1.71
0.86
8.54
1.24

Reference
(0.55-5.32)
(0.58-1.27)
(4.76-15.32)***
(0.51-3.03)

3.36
0.99
7.27
1.11

Reference
(0.80-14.00)
(0.66-1.51)
(3.68-14.38)***
(0.38-3.25)

1.00
1.43
2.54
1.94
1.71
1.38
2.13
1.77

Reference
(0.56-1.77)
(0.59-3.47)
(1.01-6.42)*
(1.28-2.95)**
(1.14-2.54)**
(0.96-2.00)
(0.84-5.39)
(0.70-4.44)

1.11
2.17
2.49
1.79
1.50
1.22
2.55
1.71

Reference
(0.60-2.06)
(0.90-5.24)
(0.89-6.95)
(1.13-2.83)*
(0.96-2.33)
(0.81-1.83)
(0.94-6.92)
(0.56-5.26)

0.80
0.44
0.70
1.19

Reference
(0.52-1.22)
(0.17-1.15)
(0.27-1.82)
(0.41-3.48)

1.21 (0.44-3.32)
1.24 (0.76-2.03)
Reference
3.00 (1.09-8.23)*

0.91
1.54
2.08
2.70

Reference
(0.42-1.99)
(0.76-3.13)
(0.99-4.35)
(1.26-5.64)*

NOTE. Bold values indicate statistically significant (P< .05) findings. DM, diabetes mellitus; RBC, red blood
cells.
* A total of 102 and 11 cases were excluded from the multivariate logistic model because of therapeutic
antibiotic use by the patient before the surgical procedure was performed and because of missing data,
respectively.
b
Per 10-year increase.
c
Per 1-hour increase.
* P<.05.
** P<.01.
*** P<.001.
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the 160 minutes in NHSN. This could be one of the reasons
for the higher rates of SSI after gastric surgery that are observed in Korea, because operation time is a significant risk
factor for SSI (Table 4).9'10 In Korea, gastric cancer, which is
the main indication for gastric surgery, remains the most
common cancer according to 2005 national cancer statistics.19
A different distribution of underlying illnesses might also be
responsible for the difference in SSI rates between the two
countries. Although the NNIS risk index is a simple and
widely used method for stratifying the risk of SSI after surgical
procedure, better models that include more sensitive variables
affecting SSI are needed for each surveillance system.
Male sex, longer operation time, reoperation, multiple procedures, and inadequate SAP were independent risk factors
for SSI in this study. It is difficult to explain why SSI after
gastric surgery was more common in male patients in Korea.
One possible explanation derives from the finding that operation times for male patients are much longer than they
are for female patients, for most types of surgical procedure.20
The operation time for male patients was also significantly
longer than it was for female patients in this study
(214 ± 85 minutes vs 199 ± 81 minutes; P< .001). Differences between male and female patients in the distribution
of underlying gastric illness and in the amount of abdominal
muscle mass may be the reasons for these effects. In Korea,
age-standardized incidence rates of gastric cancer are 65.5
and 26.3 per 100,000 population for male and female patients,
respectively, according to 2005 national cancer statistics.19
Surgery for gastric cancer, which takes longer to perform than
other types of gastric surgery, was more frequently performed
in male patients in this study (94.5% vs 91.9%; P = .001).
Male sex was a risk factor for major infection, including SSI,
after surgery in other studies.21'22
Reoperation and multiple surgical procedures were independent risk factors in this study. Reoperation is well known
as a major predictor of tissue and wound complications, or
SSI, in gastrointestinal surgery.22'23 This is presumably due to
the effect of longer exposure to the risk of bacterial contamination and impaired healing of the relatively avascular scar
tissue of the previous incisional wound.24 Concurrent multiple surgical procedures were also a major risk factor for SSI
after gastric surgery in another study.25 The increased risk
may result from the longer operation time and the greater
probability of exposure to microorganisms in other gastrointestinal organs such as the appendix during combined
appendectomy.
The use of laparoscopy is widely recognized as a method
to reduce the risk of SSI in gastrointestinal surgery;26 SSI rates
in laparoscopy-assisted gastric surgery were 60% lower than
in open gastric surgery.10 However, laparoscopic cholecystectomy is associated with a lower risk of incisional SSI but not
organ or space SSI.27 Moreover, laparoscopic appendectomy
has been reported to have a significantly greater risk of organ
or space SSI than open appendectomy in patients with complicated appendicitis.28 In this study, we did not detect a lower
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risk of SSI with laparoscopic gastric surgery after we adjusted
for confounding variables. One of the possible explanations
is that most (69.4%) of the SSIs that occurred after gastric
surgery in our study were organ or space SSIs. Moreover,
some of the risk factors for SSI could be confounded in the
surgeon's decision to perform laparoscopic surgery, because
laparoscopic surgery was more frequently performed in this
study in cases that involved hospitals with 900 beds or more,
female patients, younger patients, obese patients, and clean
or clean-contaminated wound classes (data not shown).
Therefore, the effect of laparoscopic surgery on SSI in this
study should be interpreted with caution.
The importance of timely administration of preoperative
antibiotics is well established.29'30 Inappropriate SAP was one
of the factors that increased the risk of SSI in this study.
When the first antibiotic dose was administered while or after
the incision was made, the risk of SSI was significantly higher
than when it was administered within 30 minutes before the
incision was made (OR, 3.00 [95% CI, 1.09-8.23]). The type
of antibiotic used was not a significant risk factor for SSI in
multivariate analysis. Therefore, narrow-spectrum antibiotics
such as cefazolin are acceptable for use as prophylaxis in
gastric surgery, as recommended by most international guidelines.31"33 These guidelines also recommend that SAP duration
be reduced to a maximum of 24 hours after completion of
surgery, and it can involve as little as 1 dose. Indeed, prolonged SAP did not reduce the risk of SSI in this study, and
SAP of 7 days or more was actually associated with an increased risk of SSI. A SAP duration of 7 days or more was
more frequently performed in older male patients and in cases
of emergency operation and open gastric surgery. Therefore,
prolonged SAP might be a marker of the patient's morbidity,
or it might result from the surgeon's concern about a potential risk for SSI in this study.
This study has some limitations. First, it is possible that
the data that came from hospitals with large volumes of surgical procedures had excessive influence on the overall SSI
rates and on the analysis of the major risk factors. Of all of
the cases, 30% were from the 2 hospitals with the largest
monthly volume of gastric surgery. However, the participating
hospitals were not very different in nature: they were all
university-affiliated teaching hospitals, and there were no significant differences in SSI rates according to hospital size or
monthly numbers of operations (Table 3). Another source
for selection bias is that we did not gather data from smaller
hospitals in this study. However, the cases we studied accounted for 16.3% of the total number of gastric operations
performed nationwide,17 and 20 participating hospitals were
distributed nationwide in terms of location. We believe that
the results of this study in part reflect the situation in hospitals
in Korea nationwide. The second limitation is that information on the details of underlying comorbidities of the patients and the types of gastric surgery was not collected. Instead, the severity of a patient's underlying illness was assessed
on the basis of the NNIS risk index categories,16 and the
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complexity of the techniques involved in different surgical
procedures was thought to be reflected in the duration of
surgery. Moreover, the type of operative procedure used in
patients with gastric cancer was not found to be a significant
risk factor for SSI in a previous study.10 The third limitation
is the possibility that SSI was underestimated, especially superficial incisional SSI, which might not be reported to ICPs
in the event of a mild case. However, it is not likely that there
were many unidentified cases of SSI, because we implemented
a multidisciplinary approach to identifying SSI that included
frequent communication with healthcare workers in surgical
departments and regular review of medical records and microbiologic findings.
In summary, we describe a prospective nationwide study
of a large number of patients undergoing gastric surgery in
Korea. Male sex, operation-related variables (increased operation time, reoperation, and combined multiple procedures), and inadequate SAP resulted in increased risk of SSI.
To reduce SSIs, every effort should be made to ensure the
quality of SAP and reduce perioperative complications, because the latter may result in prolonged operation times and
unnecessary reoperations or multiple procedures such as
splenectomy.
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