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Abstract
Aim The objectives were to recognize the risk factors for sur-
gical site infections (SSIs) after surgery due to colorectal can-
cer and to assess the impact of mechanical bowel preparation
(MBP) and oral antibiotic prophylaxis (ABX) on SSIs.
Methods Records from two colorectal centers were used. Risk
factors of SSIs were categorized into patient-, disease-, and
treatment-dependent.
Results A group of 2240 patients was included. SSIs were
noted in 364 patients (16.3 %). MBP+/ABX+ was connected
with a lower incidence of anastomotic leak (AL) and organ-
space SSIs: 2.4 vs. 6.3 %; p = 0.008 and 3.6 vs. 7.2 %;
p = 0.017, respectively. Patient-dependent factors: obesity in-
creased the risk of skin superficial SSIs, adjusted OR 1.53
(1.47–1.59 95 % confidence interval (95 % CI)), and deep
incisional SSIs 1.42 (1.39–1.45 95 % CI). Disease-
dependent factors: rectal cancer was associated with a higher
risk of skin superficial and deep incisional SSIs, adjusted OR
1.28 (1.22–1.34 95 % CI) and 1.13 (1.09–1.15 95 % CI).
Treatment-dependent factors: MBP+/ABX+ was associated
with a lower risk of organ-space SSIs, adjusted OR 0.53
(0.44–0.59 95 % CI). Radiotherapy increased the risk of
organ-space SSIs, adjusted OR 1.78 (1.75–1.80 95 % CI).
The risk of organ-space SSIs was the highest after low anterior
resection, adjusted OR 1.62 (1.60–1.64 95 % CI).

Conclusions If possible, MBP and ABX should always be
administered to decrease the risk of AL and organ-space
SSIs. Factors strictly related to the treatment mostly increased
the risk of organ-space SSIs.

Keywords Colorectal cancer . Surgical site infection . Bowel
preparation . Anastomotic leak . Oral antibiotic prophylaxis

Introduction

Surgical site infections (SSIs) are commonly diagnosed as
postoperative complications related to all abdominal opera-
tions with an estimated rate of 26 %. In colorectal surgery,
the rate ranges from 15 to 35 % [1, 2]. The occurrence of
SSIs depends on many factors, such as the patient, the disease,
the surgeon’s experience and surgical technique, mechanical
bowel preparation, and antibiotic prophylaxis. Sometimes, it
is difficult to anticipate which group of patients is at a higher
risk of SSIs.

In the 1970s, the utilization of mechanical bowel prepara-
tion (MBP) and oral antibiotic prophylaxis (ABX) became a
standard preoperative regimen [3]. Despite the accepted pro-
cedure, some practitioners question the use of the components
of MBP since MBP does not protect from SSIs [4, 5] and
some components of MBP may even be harmful [6]. During
recent years, there has been intensified interest in the influence
of MBP and ABX on the outcomes and the latest research has
proven a renewed view [7, 8]. The data suggest that MBP+
along with ABX+may reduce the incidence of SSIs compared
with the strategy of MBP− and ABX− [9].

The Centers for Disease Control and Prevention (CDCP)
distinguishes SSIs into three different types based on an ana-
tomical level of infection: skin superficial, deep incisional,
and organ-space [10]. These three particular types of SSIs
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may be related to different clinical risk factors, and the aggre-
gation of these types seems to be improper and leads to neg-
ative implications and some bias for measurement of quality
of care [11].

Skin superficial SSIs may not be serious and may be diag-
nosedmainly after discharge. Deep incisional and organ-space
SSIs can be life threatening, and their treatment often involves
certain costs. Many patients with deep and intraabdominal
SSIs need readmission, urgent redo surgery, intravenous anti-
biotics, or percutaneous drainage [12]. Additionally, SSI can
prolong recovery and delay adjuvant treatment with negative
impact on long outcomes [13].

The objective of our study was to differentiate the risk
factors for superficial, deep, and organ SSIs after surgeries
due to colorectal cancer. Additionally, we put a great emphasis
on the method of bowel preparation and its impact on postop-
erative septic complications. The utilization ofMBP and ABX
was considered as a likely risk factor of SSIs and other post-
operative complications in the early period. We also focused
on some groups of risk factors (patient, disease, and treatment
specific) and tried to characterize the patterns of SSIs and
morbidity with their risk factors for a separate type of SSI.

Methods

Patients

From January 2008 to December 2015, all patients who
underwent surgery due to colon and rectal cancer were en-
rolled. We included all surgical interventions (elective and
emergency) with resections (i.e., right and left colectomies,
resections of the rectum, and abdominal perineal extirpations)
and without resections (i.e., explorative laparotomy, bypass,
creation of ileostomy or colostomy). The patients were oper-
ated on in two colorectal surgical centers. All procedures were
performed by staff surgeons among which at least one was an
experienced colorectal specialist. We analyzed only open pro-
cedures; laparoscopic operations were excluded from the anal-
ysis due to their low number in both centers. The study is a
retrospective trial, with data collected from records of pro-
spective hospital databases.

Data collection

The database of patients operated on in the Department of
General and Colorectal Surgery Medical University of Lodz
(center 1) covered the period between 2008 and 2015, and the
database from the Centre for Treatment of Bowel Diseases
Hospital in Brzeziny covered the period between 2013 and
2015. The information from these databases was compared
according to the outcomes to ensure their consistency.

SSI data were recorded prospectively (according to CDCP)
[10] as I—skin superficial, defined as infections of the skin
and subcutaneous tissues without involving fascia or muscles;
II—deep incisional—infections of fascia and/or muscles in
the area of the incision but without any penetration into ab-
dominal cavity; III—organ-space infection—in patients with
intraabdominal septic complications (IASC), when any signs
of inflammation in peritoneal cavity or pelvic space occurred,
including intraabdominal abscesses and anastomotic leaks
(ALs). This infection concerned spaces and organs that had
to be moved and/or manipulated during the first operation but
not the incisional area.

In the postoperative period, a wound surveillance was car-
ried out by four (two in each center) infection-dedicated
nurses. After discharge from the hospital, patients were
followed up in outpatient clinics by a staff surgeon; any new
clinical signs of SSIs were noted and recorded in the database
during a 30-day postoperative period. The 30-day follow-up
was completed by telephone interview or, if necessary, outpa-
tient visit.

Our study was conducted according to the revised version
of the Declaration of Helsinki (October 2008, Seoul). The
Local Bioethical Committee gave the consent to carry out
the retrospective protocol of the study with the use of prospec-
tive records from the hospital databases.

From the hospitals’ databases, successive independent var-
iables were specified: age, gender, obesity (body mass index
(BMI)), some biochemical variables, such as level of hemo-
globin or albumin concentration, mode of operation (emer-
gency vs. elective), type of surgery (palliative vs. radical), type
of resection (with anastomosis vs. without anastomosis), pro-
tection of anastomosis in rectal cancer (protective stoma vs. no
protection), tumor location (colon vs. rectum, right vs. left
colon, upper vs. lower rectum), American Society of
Anesthesiologists (ASA) score at admission to the hospital
and existing comorbidities, Charlson Comorbidity Index
(CCI) [14], preoperative treatment in rectal cancer (radiother-
apy and radiochemotherapy), and postoperative staging
(based on pathologic report).

Dependent variables: SSIs were divided into three types
defined by CDCP [10].

The day before elective surgery, patients (in both centers)
underwent MBP (bowel washout with the use of oral
macrogol), starting at approximately 2 p.m. together with
ABX (p.o. erythromycin 500mg plus neomycin 500mg every
4 h, three times: at 1 p.m., 3 p.m., and 8 p.m.), and intravenous
antibiotic prophylaxis (metronidazole 500 mg plus cefazolin
1.0 g) was administered directly before incision, irrespective
of tumor location (colon or rectal tumor). The intravenous
antibiotic prophylaxis was broadened to three doses, if surgery
lasted longer than 3 h or in cases of unexpected intraoperative
bacterial contamination. Before urgent operations, patients re-
ceived only intravenous antibiotic prophylaxis, directly before
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surgery, without MBP and ABX. In the majority of urgent
operations, intravenous antibiotic was changed to another
one and administered 7 days in the postoperative period.

According to previously published papers in the period
from January 2010 to May 2011, the MBP with ABX was
abolished. This fact allowed us to build the group of consec-
utive elective patients with MBP−/ABX−. In our opinion, the
early results were not satisfactory; therefore, we have retraced
our strategy of MBP+/ABX+ in the next consecutive elective
patients since June 2011 until nowadays. In the present study,
the effect of MBP−/ABX− on early results was completed
with the utilization of the group of patients with the strategy
of MBP+/ABX+ (as a comparator), operated on between
July 2011 and November 2012.

Statistical analysis

In the statistical analysis, continuous data were shown as me-
dian (range) and differences between compared groups were
calculated with the use of t tests. Categorical variables were
analyzed with the use of a χ2 test. We applied a logistic re-
gression model to identify factors associated with the risk of
SSIs. Multivariable analysis was presented as the value of
adjusted odds ratios (ORs) and corresponding 95 % confi-
dence interval (95 % CI). The differences were considered
significant for the level of p less than 0.05.

All analyzed clinical factors that likely influenced the oc-
currence of SSIs were additionally divided into three groups:
patient-dependent (age, gender, ASA score, BMI, CCI),
diseases-dependent (tumor location, mode of presentation, pa-
thology), and treatment-dependent (type of a surgical proce-
dure, total operation time, the strategy of MBP and ABX,
intention of operation (radical, palliative), neoadjuvant thera-
py, and creation of protective stoma in patients with rectal
cancer). In each of these groups, we calculated adjusted OR
to assess the risk of occurrence of the particular type of SSI.
For statistical analysis, the Statistica Software Version 12.5
(StatSoft, Inc., USA) was used.

Results

During the study period, a group of 2240 patients (1002,
44.7 % of women; mean age of 67.7) was operated on due
to colorectal cancer. Symptoms of SSIs were noted in 364
patients (16.3 %). The incidence of SSIs was similar in wom-
en and men (15.3 vs. 17.0 %; p = 0.257). In obese patients
(BMI >30 pts.), the rate of SSIs was the highest and SSIs
occurred in 92 patients (20.1 %), p = 0.007. Similarly, within
the group of patients with a very poor general condition before
operation (IV grade in ASA score), the incidence of SSIs was
the highest: 25.2 %, compared with other grades, especially
with grade I: 5.8 %, p = 0.000.

Taking into account the type of resection, we revealed that
abdominal perineal resection was associated with the highest
incidence of SSI compared with all other resections. The dif-
ference was the largest when compared with right colectomy:
26.4 vs. 13.8 %.

In rectal cancer, the neoadjuvant therapy (radiotherapy and
radiochemotherapy) increased the incidence of SSIs 22 and
23.9 vs. 11.9 %; p = 0.000, respectively. Protective stoma
allowed to obtain significantly lower incidence of SSIs 12.3
vs. 19.1 %; p = 0.008. Other details are presented in Table 1.

Septic complications, AL, and 30-day mortality were com-
pared in both centers, and no differences were found. All
particulars are listed in Table 2.

In the group of patients MBP+/ABX+, the incidence of AL
was significantly lower than in the group MBP−/ABX−: 2.4
vs. 6.3 %; p = 0.008. Organ-space SSIs occurred less frequent-
ly in the MBP+/ABX+ group than in MBP−/ABX−: 3.6 vs.
7.2 %; p = 0.017. The MBP+/ABX+ did not refer to a lower
incidence of all types of SSIs and skin superficial SSIs
(Table 3.)

When analyzing selected factors connected strictly with the
patient (patient-dependent factors), we noted that age >65
could be a protection for skin superficial and deep incisional
SSIs in our group, adjusted OR 0.68 (0.62–0.74 95 % CI) and
0.84 (0.80–0.90 95 % CI), respectively. Obesity was connect-
ed with a significantly higher risk of all types of SSIs, adjusted
OR 1.53 (1.47–1.59 95 % CI) for skin superficial SSIs and
1.42 (1.39–1.45 95 % CI) for deep incisional SSIs (Table 4.)

Patients with rectal cancer were at a significantly higher
risk of skin superficial and deep incisional SSIs than patients
with colon cancer, adjusted OR 1.28 (1.22–1.34 95 % CI) and
1.13 (1.09–1.15 95 % CI), respectively. We found that the
location of the tumor in the lower rectum was associated with
a high risk of all types of SSIs, adjusted OR 1.26 (1.22–1.30
95 % CI), and the highest for skin superficial SSIs, adjusted
OR 1.34 (1.31–1.36 95% CI). When the tumor was located in
the upper rectum, the risk of skin superficial and deep
incisional SSIs was the lowest, adjusted OR 0.91 (0.88–0.93
95 % CI) and 0.93 (0.90–0.98 95 % CI), respectively
(Table 4.)

The group of patients who received MBP+/ABX+ was at a
significantly lower risk of organ-space SSIs, adjusted OR 0.53
(0.44–0.59 95 % CI). MBP+/ABX+ had no effect on deep
incisional and skin superficial SSIs (Table 4.)

Neoadjuvant therapy (both radiotherapy and radioche-
motherapy) increased the risk of all types of SSIs in
patients with rectal cancer. The highest risk occurred
for organ-space SSIs after radiotherapy, adjusted OR
1.78 (1.75–1.80 95 % CI), and for skin superficial SSIs
after radiochemotherapy, adjusted OR 1.71 (1.69–1.72
95 % CI). When patients with rectal cancer underwent
abdominal perineal resection (APR), the risk of skin su-
perficial SSIs was the highest when compared with other
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Table 1 Characteristics of
patients included in the study:
comparison of selected clinical
features with the incidence of
surgical site infections

No of patients
n = 2240 (100.0)

All types of SSIs
n = 364 (16.3)

p valueb

Gender

Females 1002 (44.7) 153 (15.3) 0.257

Males 1238 (55.3) 211 (17.0)

Age

<65 974 (43.5) 131 (13.4) 0.001

>65 1266 (56.5) 233 (18.4)

BMI

<20.0 126 (5.6) 28 (22.2)

20.01–25.0 772 (34.5) 107 (13.9) 0.007

25.01–30.0 885 (39.5) 137 (15.5)

>30.01 457 (20.4) 92 (20.1)

Hgb

≥12 g/dl 1292 (57.7) 205 (15.9) 0.566

<12 g/dl 948 42.3) 159 (16.8)

Albumin

≥35 mg/ml 1478 (66.0) 203 (13.7) 0.000

<35 mg/ml 782 (34.0) 161 (20.6)

Charlson Comorbidity Index (mean ± SD) 4.5 (±1.1) 7.1 (±1.3) 0.031

Respiratory disease

No 1595 (71.2) 237 (14.9) 0.005

Yes 645 (28.8) 127 (19.7)

Cardiovascular disease

No 1312 (58.6) 198 (15.1) 0.077

Yes 928 (41.4) 166 (17.9)

ASA Score

I 103 (4.6) 6 (5.8)

II 1303 (58.2) 161 (12.4) 0.000

III 679 (30.3) 158 (23.3)

IV 155 (6.9) 39 (25.2)

Location of the tumor

Right colon 498 (22.2) 68 (13.7)

Left colon 647 (28.9) 107 (16.6)

Upper rectum 389 (17.4) 61 (15.7) 0.021

Middle rectum 364 (16.3) 53 (14.6)

Lower rectum 342 (15.2) 75 (21.9)

Resection procedures

Right colectomy 413 (21.9) 57 (13.8)

Left colectomy 171 (9.0) 29 (17.0)

Sigmoidectomy 282 (14.9) 46 (16.3) 0.014

Hartmann’s 171 (9.0) 23 (13.5)

AR 309 (16.3) 49 (15.9)

LAR 381 (20.3) 71 (18.6)

APR 163 (8.6) 43 (26.4)

Mode of operation

Elective 1929 (86.1) 298 (15.4) 0.010

Emergency 311 (13.9) 66 (21.2)

Anastomosis 1608 (71.8) 287 (17.8) 0.001

Yes 632 (28.2) 77 (12.2)

No
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surgeries, adjusted OR 1.75 (1.70–1.79 95 % CI). The
risk of organ-space SSIs was the highest when patients
with rectal cancer underwent resection procedure with
anastomosis (anterior resection (AR) and low anterior
resection (LAR)), adjusted OR 1.12 (1.09–1.14 95 %
CI), after AR and even higher after LAR, adjusted OR
1.62 (1.60–1.64 95 % CI). The total operation time lon-
ger than 180 min increased the risk of deep incisional
and organ-space SSIs (Table 4.)

Discussion

The colorectal surgery is associated with a very high risk of
SSIs as a result of large bacterial load of colon and rectum.
SSIs contribute to postoperative morbidity, longer hospital
stay [15], and increased hospital costs [16].

Superficial SSIs and organ-space SSI are different post-
operative complications with diverse risk factor profiles;
therefore, they need to be considered independently. This

Table 1 (continued)
No of patients
n = 2240 (100.0)

All types of SSIs
n = 364 (16.3)

p valueb

Type of operation

Resection 1890 (84.3) 318 (16.8) 0.086

Palliative only 350 (15.7) 46 (13.1)

Neoadjuvant therapya

None 572 (52.2) 68 (11.9) 0.000

Radiotherapy 218 (19.9) 48 (22.0)

Radiochemotherapy 305 (27.9) 73 (23.9)

Protective stomaa

Yes 293 (26.8) 36 (12.3) 0.008

No 802 (73.2) 153 (19.1)

Pathology (AJCC)

I 417 (18.6) 66 (15.8)

II 748 (33.4) 119 (15.9) 0.864

III 797 (35.6) 129 (16.2)

IV 278 (12.4) 50 (18.0)

Numbers in parentheses are percentages

SSIs surgical site infections, BMI body mass index, ASA American Society of Anesthesiologist, AJCC American
Joint Committee for Cancer, AR anterior resection, LAR low anterior resection with the level of anastomosis
<6 cm), APR abdominal perineal resection
a Data refers only to rectal cancer
bχ2 test

Table 2 Septic complications and mortality according to analyzed
hospitals (centers)

Complication Centre 1
n = 1628
n (%)

Centre 2
n = 612
n (%)

p valuea

All types of SSIs 269 (16.5) 95 (15.5) 0.567

Skin superficial SSIs 173 (10.6) 56 (9.2) 0.304

Deep incisional SSIs 36 (2.2) 15 (2.5) 0.735

Organ space SSIs 60 (3.7) 24 (3.9) 0.793

Anastomotic leak (total) 47 (2.9) 19 (3.1)

Colon 25 (2.2) 10 (2.5) 0.789

Rectum 22 (3.4) 9 (3.2)

30-day mortality 20 (1.2) 8 (1.3) 0.882

Center 1 Department of General and Colorectal Surgery, center 2 Center
for Treatment of Bowel Diseases, SSIs surgical site infections
aχ2 test

Table 3 Type of bowel preparation and the incidence of selected
postoperative complications

MBP+/ABX+
n = 291
n (%)

MBP−/ABX–
n = 301
n (%)

p valuea

All types of SSIs 46 (15.8) 52 (17.2) 0.631

Skin superficial SSIs 27 (9.3) 18 (6.0) 0.130

Deep incisional SSIs 9 (3.0) 10 (3.6) 0.874

Organ space SSIs 10 (3.6) 24 (7.2) 0.017

Anastomotic leak 7 (2.4) 21 (6.3) 0.008

Obstruction 24 (8.2) 29 (9.8) 0.554

30-day mortality 4 (1.3) 6 (1.9) 0.559

MBP mechanical bowel preparation, ABX oral antibiotic prophylaxis,
SSIs surgical site infections
aχ2 test
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Table 4 Patient-dependent, disease-dependent, and treatment-dependent factors associated with significantly lower/higher risk of surgical site
infections (SSIs) for particular types of SSIs

Factors All types of SSIs
Ad. OR (95 % CI)

Skin superficial SSIs
Ad. OR (95 % CI)

Deep incisional SSI
Ad. OR (95 % CI)

Organ-space SSIs
Ad. OR (95 % CI)

Hospital

Center 1

Center 2

Patient-dependent

Age

<65 ref. ref.

>65 0.68 (0.62–0.74) 0.84 (0.80–0.90)

BMI

<20.0 1.46 (1.38–1.49)

20.01–25.0 ref. ref. ref. ref.

25.01–30.0

>30.01 1.58 (1.49–1.64) 1.53 (1.47–1.59) 1.42 (1.39–1.45) 1.68 (1.64–1.73)

Albumin

≥35 mg/ml ref. ref.

<35 mg/ml 1.61 (1.58–1.64) 1.12 (1.10–1.15)

Respiratory disease

No ref.

Yes 1.29 (1.24–1.33)

ASA Score

I ref. ref. ref. ref.

II

III 1.12 (1.10–1.14)

IV 1.82 (1.78–1.83) 1.98 (1.93–2.01) 1.79 (1.75–1.83) 1.80 (1.78–1.83)

Disease-dependent

Location of the tumor

Colon ref. ref.

Rectum 1.28 (1.22–1.34) 1.13 (1.09–1.15)

Location of the tumor

Right colon ref. ref. ref. ref.

Left colon

Upper rectum 0.91 (0.88–0.93) 0.93 (0.90–0.98)

Middle rectum

Lower rectum 1.26 (1.22–1.30) 1.34 (1.31–1.36) 1.18 (1.13–1.24) 1.21 (1.18–1.23)

Mode of operation

Elective ref. ref. ref. ref.

Emergency 1.34 (1.30–1.39) 1.46 (1.43–1.50) 1.29 (1.23–1.28) 1.32 (1.28–1.34)

Pathology (AJCC)

I ref. ref. ref.

II

III

IV 1.33 (1.31–1.35) 1.36 (1.33–1.39) 1.29 (1.27–1.32)

Treatment-dependent

Type of bowel preparation

MBP−/ABX− ref. ref. ref. ref.

MBP+/ABX+ 0.53 (0.44–0.59)

Resection procedure

Right colectomy 0.68 (0.65–0.69) 0.79 (0.77–0.81)
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confirms that we found different risk factor profiles for
each type of SSIs.

The large part of our study was devoted to MBP and oral
ABX and their impact on the incidence and the risk of SSIs.
The primary reason for bowel cleansing is to reduce fecal bulk
in order to increase effectiveness of oral antibiotics in the
lumen of the colon. Shogan et al. revealed that a standard
intravenous antibiotic prophylaxis does not eliminate
Enterococcus faecalis in the anastomotic tissues and does
not prevent AL in animal model [17]; this fact might underline
the role of ABX in colorectal surgery. According to the avail-
able knowledge, no prospective trials, where patients after
colectomy were randomized to receive MBP+/ABX+ or no
bowel preparation, have yet been performed. Cannon et al.
found that patients who received MBP+/ABX+ before opera-
tion revealed a significantly lower incidence of SSIs compared
to patients with no bowel preparation [18]. We also hypothe-
sized that patients who receive MBP+ with ABX+ would
demonstrate lower rates of SSIs. In recently published studies,

authors showed that MBP+ together with ABX+ allowed to
reduce the risk of all types of SSIs as well as each type of SSIs
separately [12]. In our study, we proved that this strategy was
associated with the decreased risk of organ-space SSIs but
without the impact on the risk of other types of SSIs. The huge
majority of our patients were prepared to surgery with the use
of MBP+/ABX+, but the incidence of all types of SSIs was
higher than in available literature. We demonstrated lower
incidence of AL in patients who received MBP+/ABX+, and
this fact stays in accordance with the recent reports [7, 8]. The
higher incidence of organ-space SSIs directly resulted from
higher incidence of AL. MBP+/ABX+ did not influence the
rate of 30-day mortality, which was reported by others [7].

Many recent studies and quality control programs have also
focused on assessing the occurrence of SSIs and predicting the
risk of SSIs. The incidence of SSIs is approximately 20%, but
the rate was somewhat lower in our study. Nevertheless, SSI
develops after large bowel resection and depends on factors
associated with the patient, the disease, and the treatment

Table 4 (continued)

Factors All types of SSIs
Ad. OR (95 % CI)

Skin superficial SSIs
Ad. OR (95 % CI)

Deep incisional SSI
Ad. OR (95 % CI)

Organ-space SSIs
Ad. OR (95 % CI)

Left colectomy

Sigmoidectomy

Hartmann’s ref. ref. ref. ref.

AR 1.12 (1.09–1.14)

LAR 1.51 (1.47–1.54) 1.62 (1.60–1.64)

APR 1.69 (1.63–1.75) 1.75 (1.70–1.79) 1.49 (1.43–1.52)

Anastomosis

No ref. ref. ref.

Yes 1.77 (1.73–1.82) 1.73 (1.71–1.75) 1.87 (1.83–1.90)

Type of operation

Palliative ref. ref.

Radical 1.39 (1.33–1.43) 1.42 (1.40–1.45)

Operation time

<180 min ref. ref. ref.

≥180 min 1.64 (1.60–1.71) 1.68 (1.61–1.77) 1.56 (1.48–1.61)

Neoadjuvant therapya

None ref. ref. ref. ref.

Radiotherapy 1.72 (1.68–1.77) 1.39 (1.33–1.45) 1.67 (1.65–1.70) 1.78 (1.75–1.80)

Radiochemotherapy 1.64 (1.60–1.69) 1.71 (1.69–1.72) 1.62 (1.60–1.61)

Protective stomaa

Yes ref. ref.

No 1.16 (1.13–1.20) 1.13 (1.11–1.16)

Only significant values of adjusted odds ratio (Ad. OR) were presented (p < 0.05)

Center 1Department of General and Colorectal Surgery, center 2Center for Treatment of Bowel Diseases,MBPmechanical bowel preparation,ABX oral
antibiotic prophylaxis, SSIs surgical site infections, BMI bodymass index, ASAAmerican Society of Anesthesiologist, AJCCAmerican Joint Committee
for Cancer, AR anterior resection, LAR low anterior resection with the level of anastomosis <6 cm), APR abdominal perineal resection, Ad. OR adjusted
odds ratio, ref. reference
a Data refers only to rectal cancer
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[19–21]. Althoughmany risk factors of SSI were confirmed in
several trials, still, there is no consensus on all possible risk
factors contributing to SSIs in colorectal cancer surgery [21,
22]. In the present study, we tried to divide all analyzed sig-
nificant risk factors into risk factors associated with the pa-
tient, the disease, and the treatment and connect them with the
particular groups of SSI.

Obesity, pulmonary disease, low serum albumin level, and
classes III and IV in ASA score were the main patient-
dependent factors contributing to skin superficial and deep
incisional SSIs. It could be a result of changes in vasculariza-
tion or poor perfusion of the skin and subcutaneous tissues in
these groups of patients. It stays in consistency with other
authors [19, 23, 24]. The risk of organ-space SSI was higher
in ASA IV and BMI <20 and >30. The awareness implies
special surveillance either before or after surgery to avoid
the most severe type of SSI. Older age of patients was asso-
ciated with significantly lower risk of skin superficial and
deep incisional SSIs [11]. This set of our results seems to be
difficult to explain. Age alone cannot predict early postopera-
tive morbidity, and multiple factors should be evaluated in-
cluding patients’ functional status and all-known comorbidi-
ties. Charlson Comorbidity Index (CCI) is probably the most
commonly used index in surgical settings [25]. The CCI
gathers all significant patient-dependent factors. We proved
that the utilization of CCI might be useful particularly when
it amounts to approximately 7.0. We omitted an analysis of
predictive values of CCI.

We are not able to change the disease-dependent attributes,
but the preoperative recognition of all these factors is crucial.
Konishi et al. found patients with rectal cancer as of higher
risk of all types of SSI compared with patients with colon
cancer [22]. Additionally, in our study, these differences were
the most significant in the low rectum, where a considerably
large number of patients are needed to be preoperatively irra-
diated; furthermore, the risk of AL was the highest in the case
of these patients [12]. TNM stages III and IV were identified
as risk factors of SSI by multivariate analysis [15], but others
did not find the stage as a risk factor of incisional SSI [26]. In
our study, the incidence of all types of SSIs actually did not
differ according to the AJCC stage, but we noted stage IV as
liable for a higher risk of skin superficial and deep incisional
SSIs. This correlation might result from the extended positiv-
ity of lymph nodes and generalized immunological imbalance.

The mode of disease presentation compels the surgeon to
perform surgery in urgent course. The operation on patients
with peritonitis is associated with a higher risk of wound con-
tamination, predominantly because of the heavy bacterial load
of the colon and rectum. Additionally, the preparation to the
urgent operation does not allow us to use all components of
preoperative antibacterial prophylaxis. In our study, these pa-
tients did not receive MBP with ABX, which could bring
higher incidence of SSIs.

Preoperative strategies (focused onmedical assessment and
selection of patients into subgroups with low and high risks of
SSIs) would potentially decrease postoperative infection com-
plications. Some authors report disease-related factors as those
increasing the risk of organ-space SSI [12, 15, 19]. We did
find such associations only for urgent operations and in pa-
tients with low rectal tumors.

We noted a higher risk of organ-space SSIs for all assessed
treatment-dependent factors. The total operation time, longer
than 180 min, independently increased the risk of deep
incisional and organ-space SSI, and this finding is in accor-
dance with the latest reports [7, 8]. APR was associated with a
higher risk of skin superficial and deep incisional SSIs that
could be combined with division of the whole pelvic space
and additional perineal wound. It is likely that radiotherapy
influenced infections of perineal wounds. Furthermore, the
surgery with anastomosis in rectal cancer significantly in-
creased the risk of SSIs, probably because of performing anas-
tomosis in the small pelvis and earlier neoadjuvant therapy.

For the quality improvement programs and initiatives, the
knowledge of particular factors that increase the risk of serious
(organ-space) SSIs permits the implementation of all available
activities to reduce this risk. Some national projects focused
on and conducted a series of evidence-based processes of care
such as preoperative antibiotic prophylaxis, hair clipping, and
intraoperative normothermia [27, 28]. Some organ-space SSIs
could conduce to relaparotomy and to all associated implica-
tions; in such cases, the process of treatment is usually long
and costly.

Recently, two other quality improvement initiatives have
been described. Authors used multidisciplinary teams to iden-
tify issues in medical care and aimed to reduce the occurrence
of SSIs after colorectal surgery. Wick et al. compared rates of
SSIs before and after the implementation of a surgery-based
comprehensive unit-based safety program (CUSP). In the 12-
month period after the implementation of CUSP, they reported
a 33 % decrease of the rate of SSIs. CUSP included standard-
ization of skin preparation, antibiotic prophylaxis and bowel
preparation, anesthesia, and technique of skin and fascia clo-
sure. Cima et al. reported that 1 year after implementation of
the National Surgical Quality Improvement Program, the rate
of overall and skin superficial SSI was reduced significantly,
but it did not influence the rate of organ-space SSIs [29, 30].

We found that different clinical factors contribute to a par-
ticular type of SSIs. Our results additionally revealed that in
our cohort, the main risk factors of organ-space SSI were
strictly associated with the treatment. Considering this fact,
the efforts should be directed to each part of the administered
therapy and all elements included. Patients of a higher risk
should be under special and elaborated surveillance.

We realize some limitations of our study. Firstly, the study
is retrospective. The incidence of some skin superficial SSI
could be underestimated because patients had to choose
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another outpatient clinic. The strong side of the study is the
large sample size and quite clear homogeneity of the collected
data. All analyses were based on two databases conducted in
parallel in two specialized colorectal centers. Protocols of the
databases were the same, so we could treat the information as
quite homogeneous.

Conclusions

Colorectal resection due to cancer is associated with a high
risk of SSIs. If possible, a MBP together with ABX should
always be administered to decrease the risk of AL and organ-
space SSIs. Clinical factors strictly related to the treatment
mostly increased the risk of organ-space SSI in our cohort.
All efforts should be undertaken to reduce the risk of all
SSIs, however, always taking into consideration each type of
SSI separately.

Authors’ contribution Michal Mik: study design, analysis and inter-
pretation of data, and writing of the manuscript

Lukasz Dziki, Maciej Berut: acquisition and analysis of data
Radzislaw Trzcinski, Jaroslaw Buczynski: analysis and interpretation

of data
Adam Dziki: study conception and critical review

Compliance with ethical standards

Funding This study was funded by statutory of the Medical University
of Lodz.

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Serra-Aracil X, García-Domingo MI, Parés D, Espin-Basany E,
Biondo S, Guirao X, Orrego C, Sitges-Serra A (2011) Surgical site
infection in elective operations for colorectal cancer after the appli-
cation of preventive measures. Arch Surg 146:606–612

2. Hidron AI, Edwards JR, Patel J, Horan TC, Sievert DM, Pollock
DA, Fridkin SK, National Healthcare Safety Network Team;
Participating National Healthcare Safety Network Facilities
(2008) NHSN annual update: antimicrobial-resistant pathogens

associated with healthcare-associated infections: annual summary
of data reported to the National Healthcare Safety Network at the
Centers for Disease Control and Prevention, 2006-2007. Infect
Control Hosp Epidemiol 29:996–1011

3. Condon RE, Bartlett JG, Greenlee H, Schulte WJ, Ochi S, Abbe R,
Caruana JA, Gordon HE, Horsley JS, Irvin G 3rd, Johnson W,
Jordan P Jr, Keitzer WF, Lempke R, Read RC, Schumer W,
Schwartz M, Storm FK, Vetto RM (1983) Efficacy of oral and
systemic antibiotic prophylaxis in colorectal operations. Arch
Surg 118:496–502

4. Slim K, Vicaut E, Launay-Savary MV, Contant C, Chipponi J
(2009) Updated systematic review and meta-analysis of random-
ized clinical trials on the role of mechanical bowel preparation
before colorectal surgery. Ann Surg 249:203–209

5. Guenaga KK, Matos D, Wille-Jørgensen P (2009) Mechanical
bowel preparation for elective colorectal surgery. Cochrane
Database Syst Rev. doi:10.1002/14651858.CD001544.pub3

6. Shapira Z, Feldman L, Lavy R, Weissgarten J, Haitov Z, Halevy A
(2010) Bowel preparation: comparing metabolic and electrolyte
changes when using sodium phosphate/polyethylene glycol. Int J
Surg 8:356–358

7. Kiran RP, Murray AC, Chiuzan C, Estrada D, Forde K (2015)
Combined preoperative mechanical bowel preparation with oral
antibiotics significantly reduces surgical site infection, anastomotic
leak, and ileus after colorectal surgery. Ann Surg 262:416–425

8. Scarborough JE, Mantyh CR, Sun Z, Migaly J (2015) Combined
mechanical and oral antibiotic bowel preparation reduces incisional
surgical site infection and anastomotic leak rates after elective co-
lorectal resection: an analysis of colectomy-targeted ACS NSQIP.
Ann Surg 262:331–337

9. Kim EK, Sheetz KH, Bonn J, DeRoo S, Lee C, Stein I, Zarinsefat
A, Cai S, Campbell DA Jr, Englesbe MJ (2014) A statewide
colectomy experience: the role of full bowel preparation in
preventing surgical site infection. Ann Surg 259:310–314

10. Horan TC, Andrus M, Dudeck MA (2008) CDC/NHSN surveil-
lance definition of health care-associated infection and criteria for
specific types of infections in the acute care setting. Am J Infect
Control 36:309–332

11. Lawson EH, Hall BL, Ko CY (2013) Risk factors for superficial vs
deep/organ-space surgical site infections: implications for quality
improvement initiatives. JAMA Surg 148:849–858

12. Mahmoud NN, Turpin RS, Yang G, SaundersWB (2009) Impact of
surgical site infections on length of stay and costs in selected colo-
rectal procedures. Surg Infect 10:539–544

13. Nachiappan S, Askari A, Mamidanna R, Munasinghe A, Currie A,
Stebbing J, Faiz O (2015) The impact of adjuvant chemotherapy
timing on overall survival following colorectal cancer resection.
Eur J Surg Oncol 41:1636–1634

14. Charlson M, Szatrowski TP, Peterson J, Gold J (1994) Validation of
a combined comorbidity index. J Clin Epidemiol 47:1245–1251

15. Ishikawa K, Kusumi T, Hosokawa M, Nishida Y, Sumikawa S,
Furukawa H (2014) Incisional surgical site infection after elective
open surgery for colorectal cancer. Int J Surg Oncol 2014:419712

16. Stone PW, Braccia D, Larson E (2005) Systematic review of eco-
nomic analyses of health care-associated infections. Am J Infect
Control 33:501–509

17. Shogan BD, Belogortseva N, Luong PM, Zaborin A, Lax S, Bethel
C, Ward M, Muldoon JP, Singer M, An G, Umanskiy K, Konda V,
Shakhsheer B, Luo J, Klabbers R, Hancock LE, Gilbert J, Zaborina
O, Alverdy JC (2015) Collagen degradation and MMP9 activation
by Enterococcus faecalis contribute to intestinal anastomotic leak.
Sci Transl Med 7:286ra68

18. Cannon JA, Altom LK, Deierhoi RJ, Morris M, Richman JS, Vick
CC, Itani KM, Hawn MT (2012) Dis Colon Rectum 55:1160–1166

Langenbecks Arch Surg (2016) 401:1153–1162 1161

http://dx.doi.org/10.1002/14651858.CD001544.pub3


19. Sehgal R, Berg A, Figueroa R, Poritz LS, McKenna KJ, Stewart
DB, KoltunWA (2011) Risk factors for surgical site infections after
colorectal resection in diabetic patients. J Am Coll Surg 212:29–34

20. Murray BW, Huerta S, Dineen S, Anthony T (2010) Surgical site
infection in colorectal surgery: a review of the nonpharmacologic
tools of prevention. J Am Coll Surg 211:812–822

21. Tang R, Chen HH, Wang YL, Changchien CR, Chen JS, Hsu KC,
Chiang JM, Wang JY (2011) 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 234:
181–189

22. Konishi T, Watanabe T, Kishimoto J, Nagawa H (2006) Elective
colon and rectal surgery differ in risk factors for wound infection:
results of prospective surveillance. Ann Surg 244:758–763

23. Sørensen LT, Hemmingsen UB, Kirkeby LT, Kallehave F,
Jørgensen LN (2005) Smoking is a risk factor for incisional hernia.
Arch Surg 140:119–123

24. Koskela M, Gäddnäs F, Ala-Kokko TI, Laurila JJ, Saarnio J,
Oikarinen A, Koivukangas V (2009) Epidermal wound healing in
severe sepsis and septic shock in humans. Crit Care 13:R100.
doi:10.1186/cc7932

25. Pasternak I, Dietrich M, Woodman R, Metzger U, Wattchow DA,
Zingg U (2010) Use of severity classification systems in the surgi-
cal decision-making process in emergency laparotomy for perforat-
ed diverticulitis. Int J Color Dis 25:463–470

26. Nakamura T, Onozato W, Mitomi H, Sato T, Hatate K, Naioto
M, Ihara A, Watanabe M (2009) Analysis of the risk factors
for wound infection after surgical treatment of colorectal can-
cer: a matched case control study. Hepato-Gastroenterology
56:1316–1320

27. IngrahamAM,CohenME, Bilimoria KY, Dimick JB, Richards KE,
Raval MV, Fleisher LA, Hall BL, Ko CY (2010) Association of
surgical care improvement project infection-related process mea-
sure compliance with risk-adjusted outcomes: implications for qual-
ity measurement. J Am Coll Surg 211:705–714

28. Hawn MT, Vick CC, Richman J, Holman W, Deierhoi RJ, Graham
LA, Henderson WG, Itani KM (2011) Surgical site infection pre-
vention: time to move beyond the surgical care improvement pro-
gram. Ann Surg 254:494–499

29. Wick EC, Hobson DB, Bennett JL, Demski R, Maragakis L,
Gearhart SL, Efron J, Berenholtz SM, Makary MA (2012)
Implementation of a surgical comprehensive unit-based safety pro-
gram to reduce surgical site infections. J Am Coll Surg 215:193–
200

30. Cima R, Dankbar E, Lovely J, Pendlimari R, Aronhalt K, Nehring
S, Hyke R, Tyndale D, Rogers J, Quast L, Colorectal Surgical Site
Infection Reduction Team (2013) Colorectal surgery surgical site
infection reduction program: a national surgical quality improve-
ment program—driven multidisciplinary single-institution experi-
ence. J Am Coll Surg 216:23–33

1162 Langenbecks Arch Surg (2016) 401:1153–1162

http://dx.doi.org/10.1186/cc7932

	Preoperative oral antibiotics reduce infections after colorectal cancer surgery
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


