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Purpose: This study aimed to identify the risk factors for surgical site infections (SSIs) in patients undergoing colorectal
cancer surgery and to determine whether significantly different SSI rates existed between the short prophylactic antibiotic
use group (within 24 hours) and the long prophylactic antibiotic use group (beyond 24 hours).

Methods: The medical records of 327 patients who underwent colorectal resection due to colorectal cancer from January
2010 to May 2014 at a single center were retrospectively reviewed, and their characteristics as well as the surgical factors
known to be risk factors for SSIs, were identified.

Results: Among the 327 patients, 45 patients (13.8%) developed SSIs. The patients were divided into two groups according
to the duration of antibiotic use: group S (within 24 hours) and group L (beyond 24 hours). Of the 327 patients, 114
(34.9%) were in group S, and 213 (65.1%) were in group L. Twelve patients (10.5%) in group S developed SSIs while 33
patients (15.5%) in group L developed SSIs (P = 0.242). History of diabetes mellitus and lung disease, long operation time,
and perioperative transfusion were independent risk factors for SSIs.

Conclusion: This study shows that discontinuation of prophylactic antibiotics within 24 hours after colorectal surgery has
no significant influence on the incidence of SSIs. This study also showed that history of diabetes mellitus and lung disease,
long operation time, and perioperative transfusion were associated with increased SSI rates.
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INTRODUCTION

Surgical site infection (SSI) is one of the common types of noso-
comial infections along with urinary tract infection, pneumonia,
and catheter-related bloodstream infection [1]. It is also a leading
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cause of the increases in the length of hospital stay and the cost [1,
2]. SSI rates after colorectal surgery have been observed to range
from 30% to 60% without prophylactic antibiotics, but prophylac-
tic antibiotic use has significantly reduced the risk of SSIs by at
least 75% [3-6].

Prophylactic antibiotic administration has been found to be es-
sential to reduce the morbidity and the mortality caused by SSIs.
Meanwhile, the duration of prophylactic antibiotic use for
colorectal surgery varies according to the policy of the institution
and/or the experience of the surgeon [7]. Previous studies recom-
mended an adequate duration of prophylactic antibiotic use after
colorectal surgery in consideration of cost and the need to prevent
the evolution of antimicrobial-resistant bacteria [4, 8, 9]. In addi-
tion, identifying the factors that influence SSI rates is important.
Therefore, we performed a retrospective study to assess the ade-
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quate duration of antibiotic use and to identify risk factors for SSIs
in patients who underwent colorectal cancer surgery.

METHODS

Data on the patients who underwent colorectal cancer surgeries
at the Department of Colorectal Surgery, Kyung Hee University
Hospital at Gangdong, from January 2010 through May 2014
were retrospectively reviewed and analyzed. Patients whose anti-
biotic administration was empirical or therapeutic for their septic
condition due to cancer perforation or obstruction or for any
other infection sources were excluded. The patients who were ad-
ministrated antibiotics with prophylactic intent were included; a
total of 327 patients were in the study population. In this popula-
tion, majority of them underwent elective surgery except 8 pa-
tients who underwent emergency surgery due to cancer obstruc-
tion. The patients’ characteristics and the perioperative variables
known to have an association with SSIs were analyzed.

The patient characteristics were as follows: sex, age, body mass
index (BMI), the American Society of Anesthesiologists (ASA)
score, smoking, preoperative nutritional status, underlying dis-
eases, and hemoglobin levels. The smoking group included pa-
tients who had smoked until the time of their admission, and the
no-smoking group included nonsmokers who had never smoked
and ex-smokers who had quit smoking at least 1 month before
their admission. Anemia was defined as a serum hemoglobin
level less than 10 g/dL, and hypoalbuminemia was defined as a
serum albumin level less than 3 mg/dL. The reference levels were
taken from a previous study on SSIs [10]. The nutritional status of
the patients was measured by using Nutritional Risk Screening
(NRS) 2002 [11]. NRS 2002 is a nutritional screening tool used to
identify patients who need nutritional support; it was established
by members of an ad hoc working group under the auspices of the
European Society for Clinical Nutrition and Metabolism Educa-
tional Committee. Patients with a score of three or more were
considered nutritionally at-risk.

The perioperative variables were as follows: emergency, me-
chanical bowel preparation (MBP), duration of prophylactic anti-
biotic use, tumor location, operation type, operation method,
stoma creation, operation time, wound classification, modified
risk index category (RIC), estimated blood loss (EBL), and peri-
operative blood transfusion. The modified RIC, which was pro-
posed by the Centers for Disease Control and Prevention (CDC)’s
National Nosocomial Infections Surveillance (NNIS) system, was
adapted to investigate the association with SSI rate [12]. In the
1970s, the RIC was first developed based on three variables,
which were the ASA score, operation time, and wound classifica-
tion according to the CDC’s NNIS system. It was modified in
2001 because of the popularization of laparoscopic surgeries.
Points are added for operation times over 180 minutes, ASA score
of three or more, or wound classification of three or more (i.e.,
contaminated or dirty wounds), but a point is subtracted when a
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laparoscopic surgery is performed. According to the NNIS sys-
tem, SSIs were categorized as superficial, deep, or organ/space
SSIs which occurred within 30 days after the surgeries [13]. To
evaluate the influence of the duration of prophylactic antibiotic
use on the SSI rates, we divided the patients into two groups ac-
cording to the duration of prophylactic antibiotic use: group S
(within 24 hours) and group L (beyond 24 hours).

Preoperative MBPs were performed with polyethylene glycol (4
L) in patients without cancer obstruction. All patients received
second generation cephalosporins, including cefotetan, cefminox,
and cefotiam, at a dosage of 1 g twice a day intravenously. We as-
sumed that the administration of the antibiotic was discontinued
within 12 hours following the time of administration of the last
dose indicated in the patient’s medical record. The preoperative
dose was administered after induction of general anesthesia, prior
to skin incision. No intraoperative boost doses were administered.

Statistical analyses were performed by using PASW Statistics ver.
18.0 (SPSS Inc., Chicago, IL, USA). The chi-square test or Fisher
exact test was used for the categorical variables, and the Student t-
test was used for the continuous variables. Subsequently, a multi-
variate analysis was performed by using a logistic regression. The
variables with a P-value of less than 0.05 in the univariate analysis
were included in the multivariate analysis.

RESULTS

After the patients who had undergone emergent surgery due to
cancer perforation or who had already been administered antibi-
otics for any reasons had been excluded, a total of 327 patients
were included in this study. Their mean age was 64.4 + 11.7 years,
and the number of male patients was 189 (57.8%). Most patients
had an ASA score of one or two (286, 87.5%), and 53 patients
(16.2%) had anemia. With respect to perioperative outcomes, the
wounds of 278 patients (85%) were classified as clean-contami-
nated wounds, and the wounds of 49 patients (15%) were classi-
fied as contaminated wounds. The mean operation time was
190.1 minutes. Forty-six patients (14.1%) underwent a stoma cre-
ation. A right hemicolectomy, transverse colectomy, and left
hemicolectomy accounted for 28.5%, 2.1%, and 8.0% of the oper-
ations, respectively. Anterior and low anterior resections together
accounted for 57.8% of the operations. A total colectomy, abdom-
inoperineal resection, and Hartmann operation accounted for
3.6% of the operations. Fifty-six patients (17.1%) underwent open
surgeries, and 72 patients (22%) received perioperative blood
transfusion.

SSIs developed in 45 patients (13.8%). Twenty-two patients
(6.7%) had superficial SSIs, five patients (1.5%) had deep SSIs,
and 18 patients (5.5%) had organ/space SSIs. One hundred four-
teen patients were included in group S, and the average duration
of the prophylactic antibiotic administration was 23.8 + 0.2 hours.
Two hundred thirteen patients were included in group L, and the
average duration of prophylactic antibiotic administration was
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Table 1. Patients’ characteristics (Continued)
Characteristic (r(]ar=0u1p1 i) (r(]ir:uzp1 lé) P-value Characteristic (r(]ir:u1p1 ‘S‘) (r(]iri)uzp1 Is‘,) P-value
Male sex 65 (57.0) 124 (58.2) 0.907¢ EBL (mL), median (range) 45 (2-1,000) 30 (5-800) 0.424¢
Age (yn) 64.0 111 64.6 £12.0 0.242" Transfusion 20 (17.5) 52 (24.4) 0.164°
Body mass index (kg/m?) 245+ 37 23.8+35 0.485" Overall SSI 12 (10.5) 33(15.5) 0.242¢
ASA score <0.001° SSI 0.366°

1 9(7.9 41(19.2) Superficial incisional 54.4) 17 (8.0)

2 98 (86.0) 138 (64.5) Deep incisional 3(2.6) 2(0.9

3 6 (5.3) 34 (16.0) Organ/space

4 1(0.9) 0(0) With leakage 1(0.9) 523

Smoking 23(20.2) 53 (24.9) 0.410* Without leakage 3(2.6) 94.2)

NRS 2002 0.735° Hospital stay (day) 14.0+6.4 14.8 £ 9.1 0.257°
<3 100 (87.7) 182 (85.4) Values are presented as number (%) or mean + standard deviation unless other-
=3 14(123) 31146 \g:?)ipl)ngl,C:I:i(rjtl antibiotic prophylaxis within 24 hours after surgery; group L, long

Underlying disease antibiotic prophylaxis beyond 24 hours after surgery; ASA, American Society of
Diabetes mellitus 31 (27.2) 48 (22.5) 0.416° Anesthesiologists; NRS 2002, Nutritional Risk Screening 2002; Hb, hemoglobin;

i RIC, risk index category; ELB, estimated blood loss; SSI, surgical site infection.
Hypertension 57 (50.0) 92(432)  0.246° aChi-square test. "Student t-test. °Fisher exact test. “Mann-Whitney test.
Cerebrovascular disease 7(6.1) 14 (6.6) >0.999*

Card|0\{ascular disease 564 24013 00417 54.7 + 19.9 hours. On comparing groups S and L, most of the pa-
L CLEEED 1 101 (18] DT tients’ demographics were not different except for the ASA score,
Liver disease 7(6.1) 6(2.8) 0.150° the incidence of cardiovascular disease, and the rate of open sur-

Anemia (Hb <10 g/dL) 15(13.2) 38 (17.8)  0.345° gery (Table 1). Postoperative outcomes, such as the SSI rates and

Hypoalbuminemia 2(1.8) 3(14)  >0999° the hospital stay, were also not statistically different.

(albumin <3.0 g/dL) ASA score, underlying diabetes mellitus (DM) and lung disease,

Operation types 0.136° anemia, (;p}:};lLsurgaery, .long (;Per:tion ﬁ:ime, high I}IS’dlar%i

. amount o , and perioperative transfusion were related wi
Hemicolectorny 11/89(124) - 34/157(21.7) SSIs in the univariatepanalylf)sis (Table 2). Variables were dichoto-
A e I mized as follows: age <65 years vs. age >65 years (median age of
Low anterior resection 38/89 (42.7)  47/157 (29.9) the patients), ASA score of 1 and 2 vs. ASA score of 3 and 4, NRS
Total colectomy 1/89 (1.1) 4/157 (2.5) 2002 score <3 vs. NRS 2002 score =3, prophylactic antibiotic use
Abdominoperineal resection /89 (3.4) 2157 (13) within 24 hours vs. prophylactic antibiotic use beyond 24 hours,
Hartrmann operation 0/89 (0 2157 (1.3 tumor located in th'e ascenc}ing, ‘Fransverse, and descending co.lon

vs. tumor located in the sigmoid colon and rectum, operation

Operation methods 0.046° time <180 minutes vs. operation time >180 minutes (same as the
Laparoscopy 101 (88.6) 170 (79.8) operation time determinant of RIC), modified RIC of 0 and 1 vs.
Open 13 (11.4) 43 (20.2) modified RIC of 2 and 3, EBL of <100 mL vs. EBL of 2100 mL

Operation time (min) 188.8£759 190.8+831  0.941° (median EBL in_ttﬁetﬁ’atsi;‘ts)t' A@‘t’ﬁg the "a,ﬂ:‘blesa;h"‘,t Shozl"ed

an association with the SSI rates in the univariate analysis, under-

Stoma creation 16(14.0 30147 >0.999° lying diseases including DM and lung disease, the opeZation time,

Wound classification 0.521° and perioperative transfusion were proven to be associated with
Clean-contaminated 99 (86.8) 179 (84.0) the SSI rates in the multivariate analysis (Table 3).

Contaminated 15(13.2) 34 (16.0)

Modified RIC 0.127° DISCUSSION
Oort 11674 198 (93.0) SSI rates after colorectal surgery have been reported to range from
20r3 3(26) 15(7.0) 3% to 43% [8, 10, 12, 14, 15]. In the United States, the National

(Continued to the next)  Healthcare Safety Network reported in 2009 that SSIs occurred in
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Table 2. Characteristics of patients with SSI (Continued)
Characteristic No SSI(n=282) SSI(n=45)  P-value Characteristic No SSI (n=282) SSI(n=45)  P-value
Male sex 157 (55.7) 32(71.1) 0.052* Stoma creation 37 (13.1) 9(20.0) 0.218°
Age (yr) 64.4+11.5 641 +12.7 0.862° Wound classification 0.143*
Body mass index (kg/m?) 241 +36 23.8+3.6 0.588" Clean-contaminated 243 (86.2) 35(77.9)

ASA score 0.007° Contaminated 39(13.8) 10 (22.2)

Tor2 253 (89.7) 34 (75.6) Modified RIC 0.001°
3ord 29(10.3) 11 (24.4) Oort 272 (96.5) 37 (82.2)

Smoking 61 (21.6) 15 (33.3) 0.084° 20r3 10 (3.5 8(17.8)

NRS 2002 0.979* EBL (mL), median (range) 30 (2-1,000) 50 (5-800) 0.006*
<3 244 (86.5) 39 (86.7) Transfusion 52 (18.4) 20 (444)  <0.001°
>3 38 (13.5) 6(13.3) Values are presented as number (%) or mean + standard deviation unless other-

o wise indicated.

Undlerlymg d|seai13e SSI, surgical site infection; ASA, American Society of Anesthesiologists; NRS 2002,
Diabetes mellitus 62 (22.0) 17.(37.8) 0.022° Nutritional Risk Screening 2002; Group S, short antibiotic prophylaxis within 24
Hypertension 129 (45.7) 20 (44.4) 0.871 hours after surgery; group L, long antibiotic prophylaxis beyond 24 hours after

. . surgery; RIC, risk index category; EBL, estimated blood loss.
Cerebrovascular disease 176.0 489 0.508 “Chi-square test. "Student t-test. Fisher exact test. “Mann-Whitney test.
Cardiovascular disease 23 (8.2) 6(13.3) 0.260°
Lung disease 207 36.7 0.020°
! ’ p 10 (4 3) 1 (2 2) 0.999° 4%-9% of the patients who underwent colon surgery and in 3%-
Iver disease .3 22) -0 27% of the patients who underwent rectal surgery [16]. In Japan,

Steroid use 207 0(0) >0.999° the Japan Nosocomial Infection Surveillance reported in 2014

Anemia (Hb <10 g/dL) 41 (14.5) 12 (26.7) 0.040° that the SSI rates after colon and rectal surgeries were 15.0% and

Hypoalbuminemia 5(1.8) 0(0) ~0.999° 17.8%, respectively, based on data collected from 2008 to 2010
(albumin <3.0 g/dL) [17]. In South Korea, the Korean Surgical Site Infection Surveil-

Emergency 62.1) 2 (4.4) 0.303° lance (KOSSIS) reported in 2014 that the SSI rates after a colec-

0, 0, i

T T —— 274(972) 13956 0633 tomy an'd a proctectomy were 10.15% and 13.54%, respectively. In

T . comparison to the previous reports about the SSIs after colorectal

Prophytactic antibiotics 0214 surgeries, the SSI rate of 13.7% (13.0% after a colectomy and
Group S 102 (36.2) 12(26.7) 15.5% after a proctectomy) in this study can be considered rea-
Group L 180 (63.8) 33(73.3) sonable.

Tmorocanon 0553 SSI rates without prophylactic antibiotic use have been reported

0 . . . . i
Ascending, transverse, 106 37.6) 19422 to range frorp 30/0 to 60%. In an analysis of cluyca} trials of pro
descending colon phylactic antibiotic use for colon procedures, a significantly lower
. £4.50 ; Fvlactic antibioti
Sigrmoid colon, rectum 176 62.4 26 (57.8) mortality rate of 4.5% was noted in the prophyl actlc. antibiotic use
_ group compared to the mortality rate of 11.2% in the control

Operation types 0.857 group [3-5]. Due to the somewhat large burden of high mortality
Hemicolectomy 39/215(18.1)  6/31(19.4) and morbidity caused by SSIs after colorectal surgery, many sur-
Anterior resection 94/215 (43.7)  10/31 (32.2) geons tend to extend the duration of prophylactic antibiotic use,
Low anterior resection 71/215(33.1)  14/31(45.2) despite the guidelines recommending discontinuation of prophy-

lactic antibiotics within 24 hours after colorectal surgery [4, 18].
ot C(?Iectonlwy ' 5/21523) 031 0) In the United States, a national retrospective cohort study con-
Abdominoperineal resection  4/215 (1.9) 1/3132) ducted in 2001 revealed that prophylactic antibiotics were discon-
Hartmann operation 2/215(0.9) 0/31(0) tinued within 24 hours of the surgery end time in only 40.8% of

Operation methods 0.002° the patients who underwent colon surgery, and the median time
Laparoscopy 241 (85.5) 30 (66.7) to discontinuation of prophylactic antibiotics was 57 hours [19].

Moreover, in a 2013 survey of Korean colorectal surgeons with re-
Open 41 (14.5) 15(33.3) . S o

spect to prophylactic antibiotic use, only 12.3% of the surgeons

Operation time (min) 182.7+736 236.2+104.8 <0.001¢

238

(Continued to the next)

stopped prophylactic antibiotics within 24 hours after surgery,
31.5% of the surgeons used prophylactic antibiotics until postop-
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Table 3. Risk factors for SSI

) Univariate analysis Multivariate analysis
Variable
OR 95% Cl P-value OR 95% Cl P-value

Male sex 1.960 0.987-3.892 0.055
Age (=65 yr) 0.720 0.381-1.361 0.312
Body mass index (=25 kg/m?) 0.848 0.431-1.669 0.633
ASA score (3 or 4) 2.823 1.293-6.163 0.009 1.399 0.546-3.585 0.484
Smoking 1.811 0.916-3.581 0.088
NRS 2002 (=3) 0.988 0.392-2.491 0.979
Underlying disease

Diabetes mellitus 2.154 1.108-4.190 0.024 2.124 1.052-4.286 0.036

Hypertension 0.949 0.504-1.787 0.871

Cerebrovascular disease 1.521 0.487-4.745 0.470

Cardiovascular disease 1.732 0.664-4.522 0.262

Lung disease 10.000 1.623-61.617 0.013 11.425 1.694-77.038 0.012

Liver disease 0.511 0.065-4.031 0.524
Anemia (Hb <10 g/dL) 2.137 1.021-4.476 0.044 1.215 0.494-2.992 0.672
Emergency 214 0.418-10.944 0.361
No mechanical bowel preparation 1.593 0.327-7.753 0.564
Prophylactic antibiotics (<24 hr) 0.642 0.317-1.297 0.217
Tumor location (sigmoid & rectum) 0.824 0.435-1.561 0.553
Open surgery 2.939 1.456-5.934 0.003 1.323 0.506-3.463 0.568
Stoma creation 1.655 0.738-3.714 0.222
Operation time (=180 min) 2.623 1.352-5.090 0.004 2.252 1.116-4.544 0.023
Wound classification (contaminated) 1.780 0.816-3.883 0.147
Modified RIC (>2) 5.881 2.183-15.845 <0.001 2.399 0.788-7.307 0.124
Estimated blood loss (=100 mL) 3.042 1.589-5.822 0.001 1.525 0.700-3.325 0.288
Transfusion 3.538 1.828-6.850 <0.001 3.100 1.551-6.195 0.001

SSI, surgical site infection; ASA, American Society of Anesthesiologists; NRS 2002, Nutritional Risk Screening 2002; Hb, hemoglobin; RIC, risk index category.

erative day 3, and 13.7% of the surgeons used prophylactic antibi-
otics beyond postoperative day 5 [7].

However, in the light of the need to reduce cost and to minimize
the evolution of antibiotic-resistant bacteria, prophylactic antibi-
otics should be discontinued early as long as no evidence exists
that prolonged prophylactic antibiotic use guarantees a much
lower SSI rate. Many researchers have advocated short-term use
of prophylactic antibiotics, Cochrane Review is a journal as was
reported in a meta-analysis in Cochrane Review in 2014 [20].
Nevertheless, as mentioned above, the surveys on actual trends of
prophylactic antibiotic use among colorectal surgeons have re-
vealed that the majority used prophylactic antibiotics within 24
hours. In addition, the optimal duration for prophylactic antibi-
otic use after colorectal surgery is a controversial issue. From that
point of view, some studies have recently compared the SSI rates
for various durations of usage of prophylactic antibiotics [8, 9, 21].

www.coloproctol.org

In 2010, a prospective multicenter randomized trial comparing
SSI rates between the three-day prophylactic antibiotic use group
and the five-day prophylactic antibiotic use group for elective
colorectal surgeries was conducted in South Korea, and no differ-
ence in the overall SSI rates (3.1% vs. 2.4%) was noted [8]. In Ja-
pan in 2007, a prospective randomized trial comparing incisional
SSI rates between the single-dose prophylactic antibiotic use
group and the three-dose prophylactic antibiotic use group
showed a lower SSI rate in the three-dose prophylactic antibiotic
use group (14.2% in the single-dose group vs. 4.3% in the three-
dose group) [21]. Also, a prospective study about 24-hour use of
prophylactic antibiotics showed a SSI rate of about 10%. However,
the number of patients enrolled in that study was only 69, and it
was a single-arm study [9]. Based on those studies, we decided to
compare the 24-hour prophylactic antibiotic use group and the
over 24-hour prophylactic antibiotic use group for patients who
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had undergone colorectal cancer surgery.

In this study, discontinuation of prophylactic antibiotics within
24 hours after colorectal surgery did not increase the SSI rate.
Groups L and S had SSI rates of 15.5% and 10.5%, respectively.
The SSI rate in group L was higher than that in group S, but the
difference was not statistically significant. However, statistically,
the ASA score in group L was higher than that in group S (P <
0.001), and more patients in group L had cardiovascular disease (P
= 0.041) and underwent open surgery (P = 0.046) compared to
the patients in group S. In this study, prolonged antibiotic use
might have been applied due to conditions such as underlying
disease or open surgery, which resulted in a longer incision.

Along with the comparison of the SSI rates between group S and
group L, risk factors for SSIs were analyzed. In the univariate
analysis, higher ASA score, underlying DM, lung disease, anemia,
open surgery, longer operation time, more EBL, perioperative
transfusion, and modified RIC of 2 or 3 were statistically related
to SSIs. Among these variables with statistical significance, DM,
lung disease, operation time, and transfusion were independent
risk factors for SSIs. Higher ASA score means that a patient has a
more severe systemic disease, but it does not indicate the type of
disease entity. Therefore, the fact that high ASA score was not
found to be an independent risk factor in the subsequent multi-
variate analysis implicates that specific diseases are more impor-
tant for SSIs. In this study, the specific systemic diseases related to
SSIs were DM and lung disease. These two conditions lead to im-
paired tissue oxygenation and cause reduced collagen synthesis
and impaired neutrophil function [22-24]. Moreover, the hyper-
glycemic status of DM patients also accelerates nonenzymatic gly-
cosylation of proteins, thereby inactivating immunoglobulin and
hindering opsonization of bacteria [25, 26]. In addition, newly
synthesized collagen can be easily glycosylated; therefore, wound
collagen is reduced via increased collagenase activity. Therefore, a
helpful clinical implication would be whether or not perioperative
glycemic control affects the SSI rates in nondiabetic patients. Ki-
ran et al. [27] reported that even a single event of postoperative
hyperglycemia (defined as >125 mg/dL) was associated with an
increased morbidity and mortality rate after colorectal surgery;
hence, they suggested monitoring the serum glucose level and
tight glucose control even in nondiabetic patients . However, gly-
cosylated hemoglobin levels and perioperative blood glucose lev-
els were not available in all patients in our study because of the
retrospective nature of the data collection.

Tissues manipulated during operation inevitably received re-
duced tissue oxygenation to some degree due to disruption of the
vascular supply or thrombosis of the vessels [28]. Factors causing
reduced tissue oxygenation can affect the SSIs because the primary
defense mechanism of a host is oxidative killing by neutrophils,
and infection risk is associated with tissue’s oxygen partial pressure
[22]. In this study, we expected that a longer operation time and
the use of an open method would increase the SSI rates because of
a possibly broader area of tissue manipulation and a higher proba-
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bility of a encountering a technically difficult situation. As ex-
pected, in the univariate analysis, open surgery and longer opera-
tion time were associated with increased SSI rates, but in multivar-
iate analysis, open surgery was not an independent risk factor for
SSIs. In a comparison of the operation times, the mean operation
time for open surgeries was longer than that for laparoscopic sur-
geries (210.5 + 97.1 minutes vs. 185.9 + 76.2 minutes, P = 0.079);
hence, the operation time could confound the result.

If an operation takes too long or the amount of blood loss is high,
we can expect the tissue concentration of prophylactic antibiotics
to be lower than the minimum inhibitory concentration and the
tissue’s oxygenation to be decreased. With respect to anemia, one
might instinctively think that it would be an inevitable cause of tis-
sue hypoxia. However, preoperative anemia results in an increase
of cardiac output and oxygen extraction to maintain tissue oxygen-
ation as long as the intravascular volume is maintained. Therefore,
anemia itself does not cause impaired tissue oxygenation in nor-
movolemic patients [29]. We were able to confirm this fact in the
multivariate analysis. In addition, in this study, the patients with
anemia tended to be transfused perioperatively (64.2%); hence, the
adverse effect of transfusion on SSIs could have acted as a con-
founding factor. Transfusion-related immunosuppression could be
the main cause of the increased SSI rate [30]. Similar to anemia,
EBL could be confounded by transfusion and long operation time.
This is because the proportion of the transfused patients in the pa-
tients with EBL of > 100 mL was larger than that in the patients
with EBL of < 100 mL (44.0% vs 14.0%, P < 0.001), and the mean
operation time was longer in the patients with EBL > 100 mL than
that in the patients with EBL > 100 mL (243.7 + 95.77 minutes vs
171.6 £ 65.20 minutes, P < 0.001). Lastly, the modified RIC, which
is a known predictive index of SSIs, was not an independent risk
factor for SSIs in the multivariate analysis. This could be due to the
facts that the ASA scores and the wound classifications among the
patients did not vary; furthermore, the operation method was not
an independent risk factor for SSIs in this study. The main factor
that could affect the SSI rate from among the determinants of the
modified RIC was only the operation time (184.4 + 77.2 minutes
vs. 288.6 + 73.7 minutes, P < 0.001).

A few limitations of this study should be considered. First, this
study was retrospective in nature; hence, some biases might be
present. More patients in group L had a high ASA score than pa-
tients in group S; hence, the question about the effect of prolonged
duration of antibiotic prophylaxis in patients with a high ASA
score persists. Despite the pitfalls, this study can provide clinical
implications for SSIs.

In conclusion, discontinuation of prophylactic antibiotics within
24 hours after colorectal surgery does not increase the SSI rate
compared to prolonged prophylactic antibiotic use. In light of the
need to reduce cost and prevent the evolution of bacteria with an-
timicrobial resistance, prophylactic antibiotic use within 24 hours
after surgery should be recommended. In addition, for the pre-
vention of SSIs, attention should be given to the management of
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patients with underlying DM or lung disease and to the duration
of surgery and the amount of perioperative transfusion.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1.

10.

11.

12.

Jarvis WR. Selected aspects of the socioeconomic impact of noso-
comial infections: morbidity, mortality, cost, and prevention. In-
fect Control Hosp Epidemiol 1996;17:552-7.

. Leaper DJ, van Goor H, Reilly ], Petrosillo N, Geiss HK, Torres

AJ, et al. Surgical site infection - a European perspective of inci-
dence and economic burden. Int Wound J 2004;1:247-73.

. Gorbach SL, Condon RE, Conte JE Jr, Kaiser AB, Ledger WJ,

Nichols RL. Evaluation of new anti-infective drugs for surgical
prophylaxis. Infectious Diseases Society of America and the Food
and Drug Administration. Clin Infect Dis 1992;15 Suppl 1:5313-
38.

. Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG,

Bolon MK, et al. Clinical practice guidelines for antimicrobial
prophylaxis in surgery. Am J Health Syst Pharm 2013;70:195-283.

. Burton RC. Postoperative wound infection in colonic and rectal

surgery. Br ] Surg 1973;60:363-5.

. Nelson RL, Glenny AM, Song F. Antimicrobial prophylaxis for

colorectal surgery. Cochrane Database Syst Rev 2009;(1): CD
001181.

. Kang BM, Lee KY, Park S], Lee SH. Mechanical bowel preparation

and prophylactic antibiotic administration in colorectal surgery:
a survey of the current status in Korea. Ann Coloproctol 2013;29:
160-6.

. Park JW, Oh JH, Choi HS, Yoo SB, Choe Y], Park S, et al. A pro-

spective, multicenter, randomized trial for duration of the pro-
phylactic antibiotics after elective colorectal surgery: 3 days ver-
sus 5 days. ] Korean Soc Coloproctol 2010;26:123-8.

. JoJH, Lee SH, Ahn BK, Baek SU. Efficacy of 24 hour-administra-

tion of antibiotic prophylaxis after elective colorectal surgery. J
Korean Surg Soc 2008;74:129-33.

Tang R, Chen HH, Wang YL, Changchien CR, Chen JS, Hsu KC,
et al. Risk factors for surgical site infection after elective resection
of the colon and rectum: a single-center prospective study of
2,809 consecutive patients. Ann Surg 2001;234:181-9.

Kondrup ], Allison SP, Elia M, Vellas B, Plauth M; Educational
and clinical practice Committee, European Society of Parenteral
and Enteral Nutrition (ESPEN). ESPEN guidelines for nutrition
screening 2002. Clin Nutr 2003;22:415-21.

Gaynes RP, Culver DH, Horan TC, Edwards JR, Richards C, Tol-
son JS. Surgical site infection (SSI) rates in the United States,
1992-1998: the National Nosocomial Infections Surveillance Sys-
tem basic SSI risk index. Clin Infect Dis 2001;33 Suppl 2:569-77.

www.coloproctol.org

Volume 31, Number 6, 2015

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

—

Annals of

Col

Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC
definitions of nosocomial surgical site infections, 1992: a modifi-
cation of CDC definitions of surgical wound infections. Infect
Control Hosp Epidemiol 1992;13:606-8.

Sehgal R, Berg A, Figueroa R, Poritz LS, McKenna K], Stewart
DB, et al. Risk factors for surgical site infections after colorectal
resection in diabetic patients. ] Am Coll Surg 2011;212:29-34.
Pastor C, Baek JH, Varma MG, Kim E, Indorf LA, Garcia-Aguilar
J. Validation of the risk index category as a predictor of surgical
site infection in elective colorectal surgery. Dis Colon Rectum
2010;53:721-7.

Edwards JR, Peterson KD, Mu Y, Banerjee S, Allen-Bridson K,
Morrell G, et al. National Healthcare Safety Network (NHSN) re-
port: data summary for 2006 through 2008, issued December
2009. Am ] Infect Control 2009;37:783-805.

Morikane K, Honda H, Yamagishi T, Suzuki S, Aminaka M. Fac-
tors associated with surgical site infection in colorectal surgery:
the Japan nosocomial infections surveillance. Infect Control
Hosp Epidemiol 2014;35:660-6.

Bratzler DW, Houck PM; Surgical Infection Prevention Guideline
Writers Workgroup. Antimicrobial prophylaxis for surgery: an
advisory statement from the National Surgical Infection Preven-
tion Project. Am J Surg 2005;189:395-404.

Bratzler DW, Houck PM, Richards C, Steele L, Dellinger EP, Fry
DE, et al. Use of antimicrobial prophylaxis for major surgery:
baseline results from the National Surgical Infection Prevention
Project. Arch Surg 2005;140:174-82.

Nelson RL, Gladman E, Barbateskovic M. Antimicrobial prophy-
laxis for colorectal surgery. Cochrane Database Syst Rev 2014;5:
CD001181.

Fujita S, Saito N, Yamada T, Takii Y, Kondo K, Ohue M, et al.
Randomized, multicenter trial of antibiotic prophylaxis in elec-
tive colorectal surgery: single dose vs 3 doses of a second-genera-
tion cephalosporin without metronidazole and oral antibiotics.
Arch Surg 2007;142:657-61.

Allen DB, Maguire JJ, Mahdavian M, Wicke C, Marcocci L,
Scheuenstuhl H, et al. Wound hypoxia and acidosis limit neutro-
phil bacterial killing mechanisms. Arch Surg 1997;132:991-6.
Sorensen LT, Hemmingsen U, Kallehave F, Wille-Jorgensen P,
Kjaergaard J, Moller LN, et al. Risk factors for tissue and wound
complications in gastrointestinal surgery. Ann Surg 2005;241:654-
8.

Levy B, Schiffrin EL, Mourad JJ, Agostini D, Vicaut E, Safar ME,
et al. Impaired tissue perfusion: a pathology common to hyperten-
sion, obesity, and diabetes mellitus. Circulation 2008;118:968-76.
Black CT, Hennessey PJ, Andrassy R]. Short-term hyperglycemia
depresses immunity through nonenzymatic glycosylation of cir-
culating immunoglobulin. ] Trauma 1990;30:830-2.

Sima AA, O’Neill S], Naimark D, Yagihashi S, Klass D. Bacterial
phagocytosis and intracellular killing by alveolar macrophages in
BB rats. Diabetes 1988;37:544-9.

Kiran RP, Turina M, Hammel J, Fazio V. The clinical significance

241



Youn Young Park, et al.

of an elevated postoperative glucose value in nondiabetic patients oxygen tension in random pattern skin flaps during normovole-

after colorectal surgery: evidence for the need for tight glucose mic hemodilution. ] Surg Res 1989;47:24-9.

control? Ann Surg 2013;258:599-604. 30. Quintiliani L, Pescini A, Di Girolamo M, Iudicone P, Martini F,
28. Niinikoski J. Tissue oxygenation in hypovolaemic shock. Ann Guglielmetti M, et al. Relationship of blood transfusion, post-op-

Clin Res 1977;9:151-6. erative infections and immunoreactivity in patients undergoing
29. Hansen ES, Gellett S, Kirkegard L, Hjortdal V, Gottrup E Tissue surgery for gastrointestinal cancer. Haematologica 1997;82:318-23.

242 www.coloproctol.org



