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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 

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 

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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54.7 ± 19.9 hours. On comparing groups S and L, most of the pa-
tients’ demographics were not different except for the ASA score, 
the incidence of cardiovascular disease, and the rate of open sur-
gery (Table 1). Postoperative outcomes, such as the SSI rates and 
the hospital stay, were also not statistically different. 

ASA score, underlying diabetes mellitus (DM) and lung disease, 
anemia, open surgery, long operation time, high RIC, large 
amount of EBL, and perioperative transfusion were related with 
SSIs in the univariate analysis (Table 2). Variables were dichoto-
mized as follows: age <65 years vs. age ≥65 years (median age of 
the patients), ASA score of 1 and 2 vs. ASA score of 3 and 4, NRS 
2002 score <3 vs. NRS 2002 score ≥3, prophylactic antibiotic use 
within 24 hours vs. prophylactic antibiotic use beyond 24 hours, 
tumor located in the ascending, transverse, and descending colon 
vs. tumor located in the sigmoid colon and rectum, operation 
time <180 minutes vs. operation time ≥180 minutes (same as the 
operation time determinant of RIC), modified RIC of 0 and 1 vs. 
modified RIC of 2 and 3, EBL of <100 mL vs. EBL of ≥100 mL 
(median EBL in the patients). Among the variables that showed 
an association with the SSI rates in the univariate analysis, under-
lying diseases including DM and lung disease, the operation time, 
and perioperative transfusion were proven to be associated with 
the SSI rates in the multivariate analysis (Table 3).

DISCUSSION

SSI rates after colorectal surgery have been reported to range from 
3% to 43% [8, 10, 12, 14, 15]. In the United States, the National 
Healthcare Safety Network reported in 2009 that SSIs occurred in 

Characteristic
Group S 

(n = 114)
Group L 

(n = 213)
P-value

Male sex 65 (57.0) 124 (58.2) 0.907a

Age (yr) 64.0 ± 11.1 64.6 ± 12.0 0.242b

Body mass index (kg/m2) 24.5 ± 3.7 23.8 ± 3.5 0.485b

ASA score <0.001c

   1 9 (7.9) 41 (19.2)

   2 98 (86.0) 138 (64.5)

   3 6 (5.3) 34 (16.0)

   4 1 (0.9) 0 (0)

Smoking 23 (20.2) 53 (24.9) 0.410a

NRS 2002 0.735a

   <3 100 (87.7) 182 (85.4)

   ≥3 14 (12.3) 31 (14.6)

Underlying disease

   Diabetes mellitus 31 (27.2) 48 (22.5) 0.416a

   Hypertension 57 (50.0) 92 (43.2) 0.246a

   Cerebrovascular disease 7 (6.1) 14 (6.6) >0.999a

   Cardiovascular disease 5 (4.4) 24 (11.3) 0.041a

   Lung disease 1 (0.9) 4 (1.9) 0.661c

   Liver disease 7 (6.1) 6 (2.8) 0.150c

Anemia (Hb <10 g/dL) 15 (13.2) 38 (17.8) 0.345a

Hypoalbuminemia 
   (albumin <3.0 g/dL)

2 (1.8) 3 (1.4) >0.999c

Operation types 0.136c

   Hemicolectomy 11/89 (12.4) 34/157 (21.7)

   Anterior resection 36/89 (40.4) 68/157 (43.3)

   Low anterior resection 38/89 (42.7) 47/157 (29.9)

   Total colectomy 1/89 (1.1) 4/157 (2.5)

   Abdominoperineal resection 3/89 (3.4) 2/157 (1.3)

   Hartmann operation 0/89 (0) 2/157 (1.3)

Operation methods 0.046a

   Laparoscopy 101 (88.6) 170 (79.8)

   Open 13 (11.4) 43 (20.2)

Operation time (min) 188.8 ± 75.9 190.8 ± 83.1 0.941d

Stoma creation 16 (14.0) 30 (14.1) >0.999a

Wound classification 0.521a

   Clean-contaminated 99 (86.8) 179 (84.0)

   Contaminated 15 (13.2) 34 (16.0)

Modified RIC 0.127a

   0 or 1 111 (97.4) 198 (93.0)

   2 or 3 3 (2.6) 15 (7.0)

Characteristic
Group S 

(n = 114)
Group L 

(n = 213)
P-value

EBL (mL), median (range) 45 (2–1,000) 30 (5–800) 0.424d

Transfusion 20 (17.5) 52 (24.4) 0.164a

Overall SSI 12 (10.5) 33 (15.5) 0.242a

   SSI 0.366c

      Superficial incisional 5 (4.4) 17 (8.0)

      Deep incisional 3 (2.6) 2 (0.9)

      Organ/space

         With leakage 1 (0.9) 5 (2.3)

         Without leakage 3 (2.6) 9 (4.2)

Hospital stay (day) 14.0 ± 6.4 14.8 ± 9.1 0.257b

Values are presented as number (%) or mean ± standard deviation unless other-
wise indicated.
Group S, short antibiotic prophylaxis within 24 hours after surgery; group L, long 
antibiotic prophylaxis beyond 24 hours after surgery; ASA, American Society of 
Anesthesiologists; NRS 2002, Nutritional Risk Screening 2002; Hb, hemoglobin; 
RIC, risk index category; ELB, estimated blood loss; SSI, surgical site infection.
aChi-square test. bStudent t-test. cFisher exact test. dMann-Whitney test.

Table 1. Patients’ characteristics

(Continued to the next)

(Continued)
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4%–9% of the patients who underwent colon surgery and in 3%–
27% of the patients who underwent rectal surgery [16]. In Japan, 
the Japan Nosocomial Infection Surveillance reported in 2014 
that the SSI rates after colon and rectal surgeries were 15.0% and 
17.8%, respectively, based on data collected from 2008 to 2010 
[17]. In South Korea, the Korean Surgical Site Infection Surveil-
lance (KOSSIS) reported in 2014 that the SSI rates after a colec-
tomy and a proctectomy were 10.15% and 13.54%, respectively. In 
comparison to the previous reports about the SSIs after colorectal 
surgeries, the SSI rate of 13.7% (13.0% after a colectomy and 
15.5% after a proctectomy) in this study can be considered rea-
sonable.

SSI rates without prophylactic antibiotic use have been reported 
to range from 30% to 60%. In an analysis of clinical trials of pro-
phylactic antibiotic use for colon procedures, a significantly lower 
mortality rate of 4.5% was noted in the prophylactic antibiotic use 
group compared to the mortality rate of 11.2% in the control 
group [3-5]. Due to the somewhat large burden of high mortality 
and morbidity caused by SSIs after colorectal surgery, many sur-
geons tend to extend the duration of prophylactic antibiotic use, 
despite the guidelines recommending discontinuation of prophy-
lactic antibiotics within 24 hours after colorectal surgery [4, 18]. 
In the United States, a national retrospective cohort study con-
ducted in 2001 revealed that prophylactic antibiotics were discon-
tinued within 24 hours of the surgery end time in only 40.8% of 
the patients who underwent colon surgery, and the median time 
to discontinuation of prophylactic antibiotics was 57 hours [19]. 
Moreover, in a 2013 survey of Korean colorectal surgeons with re-
spect to prophylactic antibiotic use, only 12.3% of the surgeons 
stopped prophylactic antibiotics within 24 hours after surgery, 
31.5% of the surgeons used prophylactic antibiotics until postop-

Characteristic No SSI (n = 282) SSI (n = 45) P-value

Male sex 157 (55.7) 32 (71.1) 0.052a

Age (yr) 64.4 ± 11.5 64.1 ± 12.7 0.862b

Body mass index (kg/m2) 24.1 ± 3.6 23.8 ± 3.6 0.588b

ASA score 0.007a

   1 or 2 253 (89.7) 34 (75.6)

   3 or 4 29 (10.3) 11 (24.4)

Smoking 61 (21.6) 15 (33.3) 0.084a

NRS 2002 0.979a

   <3 244 (86.5) 39 (86.7)

   ≥3 38 (13.5) 6 (13.3)

Underlying disease

   Diabetes mellitus 62 (22.0) 17 (37.8) 0.022a

   Hypertension 129 (45.7) 20 (44.4) 0.871a

   Cerebrovascular disease 17 (6.0) 4 (8.9) 0.508c

   Cardiovascular disease 23 (8.2) 6 (13.3) 0.260c

   Lung disease 2 (0.7) 3 (6.7) 0.020c

   Liver disease 12 (4.3) 1 (2.2) >0.999c

Steroid use 2 (0.7) 0 (0) >0.999c

Anemia (Hb <10 g/dL) 41 (14.5) 12 (26.7) 0.040a

Hypoalbuminemia
   (albumin <3.0 g/dL) 

5 (1.8) 0 (0) >0.999c

Emergency 6 (2.1) 2 (4.4) 0.303c

Mechanical bowel preparation 274 (97.2) 43 (95.6) 0.633c

Prophylactic antibiotics 0.214a

   Group S 102 (36.2) 12 (26.7)

   Group L 180 (63.8) 33 (73.3)

Tumor location 0.553a

   Ascending, transverse, 
      descending colon

106 (37.6) 19 (42.2)

   Sigmoid colon, rectum 176 (62.4) 26 (57.8)

Operation types 0.657c

   Hemicolectomy 39/215 (18.1) 6/31 (19.4)

   Anterior resection 94/215 (43.7) 10/31 (32.2)

   Low anterior resection 71/215 (33.1) 14/31 (45.2)

   Total colectomy 5/215 (2.3) 0/31 (0)

   Abdominoperineal resection 4/215 (1.9) 1/31 (3.2)

   Hartmann operation 2/215 (0.9) 0/31 (0)

Operation methods 0.002a

   Laparoscopy 241 (85.5) 30 (66.7)

   Open 41 (14.5) 15 (33.3)

Operation time (min) 182.7 ± 73.6 236.2 ± 104.8 <0.001d

Characteristic No SSI (n = 282) SSI (n = 45) P-value

Stoma creation 37 (13.1) 9 (20.0) 0.218a

Wound classification 0.143a

   Clean-contaminated 243 (86.2) 35 (77.8)

   Contaminated 39 (13.8) 10 (22.2)

Modified RIC 0.001c

   0 or 1 272 (96.5) 37 (82.2)

   2 or 3 10 (3.5) 8 (17.8)

EBL (mL), median (range) 30 (2–1,000) 50 (5–800) 0.006d

Transfusion 52 (18.4) 20 (44.4) <0.001a

Values are presented as number (%) or mean ± standard deviation unless other-
wise indicated.
SSI, surgical site infection; ASA, American Society of Anesthesiologists; NRS 2002, 
Nutritional Risk Screening 2002; Group S, short antibiotic prophylaxis within 24 
hours after surgery; group L, long antibiotic prophylaxis beyond 24 hours after 
surgery; RIC, risk index category; EBL, estimated blood loss.
aChi-square test. bStudent t-test. cFisher exact test. dMann-Whitney test.

Table 2. Characteristics of patients with SSI

(Continued to the next)

(Continued)
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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]. 

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 

Table 3. Risk factors for SSI

Variable
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI 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/m2) 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 2.14 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.
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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-

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.
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