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Abstract

Background Colorectal cancer (CRC) patients undergoing surgery are at a high risk of developing surgical site
infections (SSIs), which contribute to increased morbidity, prolonged hospitalization, and escalated healthcare costs.
Understanding the incidence, risk factors, and impact of SSls is crucial for effective preventive strategies and improved
patient outcomes.

Methods This retrospective study analyzed data from 431 CRC patients who underwent surgery at Huangshan
Shoukang Hospital between 2014 and 2022. The clinical characteristics and demographic information were collected.
The incidence and impact of SSIs were evaluated, and independent risk factors associated with SSIs were identified
using multivariable logistic regresison. A nomogram plot was constructed to predict the likelihood of SSIs occurrence.

Results The overall incidence rate of SSls was 7.65% (33/431). Patients with SSls had significantly longer hospital stays
and higher healthcare costs. Risk factors for SSIs included elevated Body Mass Index (BMI) levels (odds ratio, 1.12; 95%
Cl, 1.02—1.23; P=0.017), the presence of diabetes (odds ratio, 3.88; 95% Cl, 1.42 — 9.48; P=0.01), as well as specific
surgical factors such as open surgical procedures (odds ratio, 2.39; 95% CI [1.09; 5.02]; P=0.031), longer surgical dura-
tion (odds ratio, 1.36; 95% CI [1.01; 1.84]; P=0.046), and the presence of a colostomy/ileostomy (odds ratio, 3.17; 95%
Cl[1.53;6.62]; P=0.002). Utilizing multivariable regression analysis, which encompassed factors such as open surgical
procedures, the presence of diabetes and colostomy/ileostom, the nomogram plot functions as a visual aid in esti-
mating the individual risk of SSIs for patients.

Conclusions Risk factors for SSIs included higher BMI levels, the presence of diabetes, open surgical procedures,
longer surgical duration, and the presence of colostomy/ileostomy. The nomogram plot serves as a valuable tool
for risk assessment and clinical decision-making.
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Background

Colorectal cancer (CRC) is a prevalent malignancy glob-
ally, with an incidence rate ranging from 16.1 to 45.3 per
100,000 and an mortality rate ranging from 9.0 to 16.1

;Sgr,f ;ng::gce: per 100000 [1, 2]. According to the latest 2023 estimates
wengyanhong@hsskyy.com from the American Cancer Society, there will be approxi-
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Huangshan 245000, China making it the third most common cancer diagnosis and
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second leading cause of cancer mortality [2]. Surgical
intervention is the primary therapeutic approach for
CRC patients. However, the presence of a large micro-
bial population in the rectum and colon, coupled with the
potential for bacterial growth facilitated by surgery, ren-
ders these patients particularly susceptible to developing
surgical site infections (SSIs) [3, 4]. Studies have reported
an SSIs incidence ranging from 1.5% to 8.8% following
colorectal surgery [4—6]. Despite advancements in surgi-
cal techniques and perioperative care, the management
of SSIs remains a significant challenge in CRC patients
[7, 8]. SSIs contribute to increased morbidity, prolonged
hospitalization, and escalated healthcare costs [9-11].
Therefore, understanding the incidence, risk factors, and
impact of SSIs is crucial for developing effective preven-
tive strategies and improving patient outcomes [12, 13].

In fact, the majority of SSIs can be prevented through
preventive measures [14, 15]. Numerous related fac-
tors have been reported, with some considered strong
predictors of SSIs occurrence, such as high body mass
index (BMI) and diabetes [16—18]. However, it has been
reported that during the COVID-19 pandemic, there has
been a decrease in SSIs in neurosurgical procedures [19].
This effect needs further investigation in CRC patients.
Currently, research on the incidence of SSIs and related
risk factors in CRC patients is relatively limited, espe-
cially in China [20-22]. Therefore, this retrospective
study aimed to investigate the occurrence of SSIs in post-
operative CRC patients and analyze the associated risk
factors.

In this study, we analyzed data from a 9-year period
of CRC surgery patients at our institution, aiming to
determine the incidence of SSIs following colorectal sur-
gery and identify associated risk factors. Additionally,
we developed a nomogram figure as a practical tool for
clinical decision-making. Our research findings will con-
tribute to optimizing the management of CRC surgical
patients and mitigating the burden of SSIs.

Methods

Study design and participants

This retrospective study included patients who under-
went CRC surgery between 2014 and 2022 at Department
of Surgery, Huangshan Shoukang Hospital. A total of 431
patients were included in the analysis. The inclusion cri-
teria for this study were as follows: (1) age over 18 years,
(2) confirmed histological diagnosis of CRC scheduled
for elective colorectal resection, (3) absence of incisions
other than the abdomen or perineum, and (4) no artifi-
cial implants. The study population included patients
undergoing extended resections, such as pelvic exentera-
tion, and combined resections of other intra-abdominal
organs such as the stomach, liver, and pancreas. The
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protocol for this study was approved by the Institutional
Review Board of Huangshan Shoukang Hospital.

Data collection

Data collection was performed by trained researchers
using standardized data collection forms. Data collec-
tion was performed by trained researchers using stand-
ardized data collection forms. Demographic variables
included gender, age, height, weight, and BMI. Clinical
variables were COVID-19 occurrence, hypertension,
diabetes, hepatitis B, gallstones, surgical history, tumor
location, tumor stage, preoperative chemotherapy, surgi-
cal start time (days), hair removal, bowel preparation and
methods (none, oral antibiotics only (ORAB), mechanical
bowel preparation only (MBP), or combined mechani-
cal and oral antibiotics (ORAB+ MBP)), surgical wound
class, surgeon seniority, surgical approach, surgical dura-
tion (hours), colostomy/ileostomy creation, and postop-
erative bowel obstruction. Our staging was performed
using the American Joint Committee on Cancer Colorec-
tal Cancer TNM Staging System (8th edition 2017) [23].

Outcome measures

The primary outcome measure was the occurrence of
SSIs. SSIs were categorized as superficial incisional, deep
incisional, or organ/space [13, 24]. The incidence of SSIs
was calculated as the number of cases divided by the total
number of patients included in the study.

Multivariable risk analysis and nomogram method

To identify the independent risk factors associated with
SSIs occurrence, multivariable logistic regression analysis
was conducted, included factors that exhibited significant
differences in the univariate analysis. The odds ratios and
their corresponding 95% confidence intervals (Cls) were
reported.

The nomogram was developed using the "rms" pack-
age in R software (version 4.3.1) [25, 26]. The variables
included in the nomogram were selected based on mul-
tivariable logistic regression analysis. The points assigned
to each variable were determined by their regression
coefficients, which were obtained from the multivariable
logistic regression analysis. To use the nomogram, each
variable’s value is located on the corresponding axis, and
a straight line is drawn upwards to determine the corre-
sponding points for that variable. The points for all varia-
bles are summed, and a straight line is drawn downwards
to the "Probability of SSIs" axis to estimate the individual
probability of SSIs occurrence. The nomogram provides
a user-friendly tool for clinicians to calculate the risk of
SSIs in individual patients and make informed decisions
regarding preventive interventions. It can also be used
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as a prognostic tool to assess the impact of different risk
factors on SSIs occurrence.

Statistical analysis

We employed R software (version 4.3.1) along with
packages including autoReg, compareGroups, rms,
and VRPM for data analysis. All results were summa-
rized using descriptive statistics. Categorical variables
were presented as percentages while continuous vari-
ables were reported as median and interquartile range
(IQR). For normally distributed continuous data, differ-
ences between groups were assessed using independent
sample t-tests. For non-normally distributed continu-
ous data, the Mann—Whitney U test was utilized. Pear-
son’s chi-square tests or Fisher’s exact tests were applied
for categorical variables. Multivariate logistic regression
analysis was conducted to identify independent risk fac-
tors for SSIs. Variables found to be statistically significant
(P<0.05) in univariate analyses were included in the mul-
tivariate model. The threshold for statistical significance
in all analyses was defined a priori as P<0.05.

Results

Incidence and impact of SSls in CRC patients

In this study, we investigated the occurrence of SSIs in
postoperative CRC patients. A total of 431 patients who
underwent CRC surgery between 2014 and 2022 were
included in the analysis (Fig. 1). Among these patients,
33 cases were identified as SSIs, resulting in an overall
incidence rate of 7.65%. The distribution of SSIs based on
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infection types revealed that 17 cases (17/33, 51.5%) were
attributed to organ or organ space infections, while 12
cases (12/33, 36.4%) were associated with deep incisional,
and 4 cases (3/33, 12.1%) were related to superficial inci-
sional (Table 1).

Patients who experienced SSIs had significantly longer
hospital stays compared to those without SSIs (median:
24 days vs. 16 days, p<0.001) (Table 2). Additionally,
the presence of SSIs was associated with a significant
increase in healthcare costs, with an average expendi-
ture of 43,909 yuan compared to 32,635 yuan for patients
without SSIs (p<0.001) (Table 2). Our findings highlight
the considerable occurrence of SSIs in postoperative
CRC patients and underscore their detrimental effects
on prolonged hospitalization and increased healthcare
expenses.

The risk factors associated with postoperative SSls in CRC
patients

We conducted a comprehensive analysis of various
demographic and clinical variables to identify fac-
tors associated with the occurrence of SSIs. The results
are summarized in Table 3. Our analysis revealed sev-
eral significant factors that were associated with an
increased risk of postoperative SSIs. These factors
included included higher BMI levels (odds ratio, 1.12;
95% CI, 1.02—1.23; P=0.017), the presence of diabe-
tes (odds ratio, 3.88; 95% CI, 1.42 — 9.48; P=0.01), open
surgical procedures (odds ratio, 2.39; 95% CI [1.09; 5.02];
P=0.031), longer surgical duration (odds ratio, 1.36; 95%
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Fig. 1 Incidence of SSIs in CRC Patients. This bar chart depicts the number of colorectal cancer surgery cases and the number of patients with SSIs
annually from 2014 to 2022 over 9 years. "Without" refers to patients without occurrence of SSs. "SSIs" represents colorectal cancer patients

with postoperative SSls
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Table 1 Types of postoperative SSls in CRC patients

Types SSIs (N=33)
Superficial incisional SSls 4(12.1%)
Deep incisional SSIs 12 (36.4%)
Organ or organ space SSls 17 (51.5%)

CI [1.01; 1.84]; P=0.046), and the presence of a colos-
tomy/ileostomy (odds ratio, 3.17; 95% CI [1.53; 6.62];
P=0.002). These findings underscore the importance of
considering these risk factors in the management and
prevention of SSIs in CRC patients.

Impact of surgical approach and diabetes

on the occurrence of SSls

Subsequently, we conducted separate analyses to examine
the impact of surgical approach and the presence of dia-
betes on the occurrence and types of SSIs (Tables 4 and 5).
Our findings revealed that open surgical procedures and the
presence of diabetes significantly increased the incidence of
incision or ostomy site infections (Tables 4 and 5). Taking
into account the controversial impact of bowel preparation
and its methods on SSIs, we compared the incidence of SSIs
among four groups: None, OAMP, MBP, and OAMP + MBP.
Our findings revealed no significant differences among
these groups (Table 6).

The multivariable risk and nomogram analysis
Subsequently, to identify the independent risk factors for
SSIs following colorectal surgery, we conducted a multi-
variable logistic regression analysis. The results revealed
that having diabetes, undergoing an open surgical
approach, and having a colostomy/ileostomy remained
significant independent risk factors associated with SSIs
occurrence (see Table 7). Higher BMI levels and longer
surgical duration are not independent risk factors.

Based on the results of multivariable logistic regression
analysis, we constructed a Nomogram plot (Fig. 2). The
Nomogram plot is a visual tool used to estimate the indi-
vidual risk of developing SSIs in patients. It is based on
the relevant variables from multivariable logistic regres-
sion analysis. By drawing a vertical line on each vari-
able’s scale, we can assign a score for each variable and
calculate the total score for predicting the likelihood of
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developing an SSIs. By locating the corresponding posi-
tion on the total score axis, we can estimate the probabil-
ity of SSIs occurrence by connecting it to the probability
axis.

Discussion

SSIs are a significant concern in CRC patients undergo-
ing surgery due to the high microbial load in the rectum
and colon, as well as the potential for bacterial growth
facilitated by the surgical procedure [3, 24]. The signifi-
cant challenge posed by SSIs following colorectal cancer
surgery has garnered attention worldwide. Between 2007
and 2010, the annual incidence of SSIs following colo-
rectal cancer surgery was alarmingly high, reaching 20%
[27]. However, surveys conducted under the auspices
of the American College of Surgeons National Surgi-
cal Quality Improvement Program showed a decline in
the incidence of colorectal SSIs from 17.58% in 2011 to
5.11% in 2015 [27, 28]. More recent data indicate an SSIs
incidence ranging from 1.5% to 8.8% following colorec-
tal surgery [4—6]. Our findings revealed an SSIs incidence
of 7.65% following colorectal surgery, with SSIs sig-
nificantly increasing treatment costs and hospital stays.
Furthermore, independent risk factors for SSIs included
having diabetes, undergoing an open surgical approach,
and having a colostomy/ileostomy. These independ-
ent risk factors for SSIs are consistent with existing lit-
erature highlighting the influence of these factors on SSIs
development [16-18, 29-33]. However, in our results, we
did not find that high BMI and long surgical duration,
although correlated with the occurrence of SSIs, were
not independent risk factors for SSIs, which is consistent
with another study conducted in China [34]. It is worth
noting that EC Wick et al. also reported that obesity
increases the incidence of SSIs, so the impact of weight
on SSIs is worth further exploration [35].

We innovatively constructed a Nomogram plot, which
is a visual tool used to estimate the individual risk of SSIs
in patients.

Our study findings demonstrate that having a colos-
tomy/ileostomy increases the incidence of postoperative
SSIs, aligning with previous studies by Morikane et al. and
Tang et al. [32, 33]. In clinical practice, it is worth explor-
ing strategies to mitigate the risk of surgical site infec-
tions following ileostomy or colostomy reversal. Several

Table 2 Impact of postoperative SSIs on hospitalization in CRC patients

[ALL] Without SSlIs SSls OR p.OR p.overall
N=431 N=398 (92.4%) N=33(7.6%)
Length of hospital stay (Days) 17.0[14.0,21.8] 16.0 [13.0;21.0] 24.0[19.0;38.0] 1.07 [1.04;1.10] <0.001 <0.001
Total cost (Chinese Yuan) 32,974 [28284,40445] 32,635 [28141;39413] 43,909 [34124;53769] 1.00 [1.00;1.00] <0.001 <0.001




Han et al. BMC Surgery (2023) 23:320 Page 5 of 10
Table 3 Analysis of risk factors associated with postoperative SSls in CRC patients
[ALL] (N=431) Without SSIs (N=398) SSls (N=33) OR p.OR p.Overall
Gender 0476
Male 269 (62.4%) 246 (61.8%) 23 (69.7%) Ref Ref
Female 162 (37.6%) 152 (38.2%) 10 (30.3%) 0.710.31;1.50] 0379
Age 66.0 [56.0;72.0] 66.0 [57.0;72.0] 65.0 [55.0;71.0] 0.99 [0.96;1.02] 048 0.409
Height 162 [155;168] 162 [155;168] 160 [156;169] 1.01 [0.96;1.05] 0.77 0.948
Weight 57.0[50.0,65.0] 57.0 [50.0,65.0] 62.3 [54.0,68.0] 1.03 [1.00;1.07] 0.041 0.053
BMI 21.9[19.9,24.0] 21.81[19.8,24.0] 23.3[21.5;24.6] 1.121.02;1.23] 0.017 0.026
COVID-19 pandemic 0.578
No 274 (63.6%) 255 (64.1%) 19 (57.6%) Ref Ref
Yes 157 (36.4%) 143 (35.9%) 14 (42.4%) 1.32[0.63;2.71] 0461
Hypertension 0.932
No 291 (67.5%) 268 (67.3%) 23 (69.7%) Ref Ref
Yes 140 (32.5%) 130 (32.7%) 10 (30.3%) 0.90 [0.40;1.92] 0.798
Diabetes 0.008
No 398 (92.3%) 372 (93.5%) 26 (78.8%) Ref Ref
Yes 33 (7.66%) 26 (6.53%) 7(21.2%) 3.88[1.42,948] 0.01
HepatitisB 1
No 388 (90.0%) 358 (89.9%) 30 (90.9%) Ref Ref
Yes 43 (9.98%) 40 (10.1%) 3(9.09%) 0.93[0.21;2.80] 0914
Gallstones 1
No 400 (92.8%) 369 (92.7%) 31 (93.9%) Ref Ref
Yes 31 (7.19%) 29 (7.29%) 2 (6.06%) 0.881[0.13;3.13] 0.861
Surgical history 0.502
No 396 (91.9%) 364 (91.5%) 32 (97.0%) Ref Ref
Yes 35 (8.12%) 34 (8.54%) 1(3.03%) 0.38[0.02;1.85] 0.282
Tumor location 0.184
Colon 237 (55.0%) 223 (56.0%) 14 (42.4%) Ref Ref
Rectum 194 (45.0%) 175 (44.0%) 19 (57.6%) 1.72[0.84;3.62] 0.138
Tumor stage 0.884
| 68 (15.8%) 64 (16.1%) 4(12.1%) Ref Ref
Il 127 (29.5%) 118 (29.6%) 9(27.3%) 1.20[0.37;4.71] 0.776
M1l 190 (44.1%) 173 (43.5%) 17 (51.5%) 1.53[0.54;5.62] 0451
% 46 (10.7%) 43 (10.8%) 3(9.09%) 1.13[0.20;5.65] 0.883
Preoperative chemotherapy 0.659
No 411 (95.4%) 380 (95.5%) 31 (93.9%) Ref Ref
Yes 20 (4.64%) 18 (4.52%) 2 (6.06%) 145 [0.20;5.40] 0.654
Surgical start time (days) 5.00 [3.00;7.00] 5.00 [3.00;7.00] 5.00 [4.00;8.50] 1.09[1.01;1.18] 0.024 0.281
Hair removal 1
No 354 (83.1%) 327 (83.0%) 27 (84.4%) Ref Ref
Yes 72 (16.9%) 67 (17.0%) 5 (15.6%) 0.93[0.30;2.32] 0879
Bowel preparation 0.589
No 97 (22.7%) 88 (22.3%) 9 (28.1%) Ref Ref
Yes 330 (77.3%) 307 (77.7%) 23 (71.9%) 0.73[0.33;1.72] 045
Bowel preparation methods 0.833
None 16 (3.71%) 15 (3.77%) 1 (3.03%) Ref Ref
OABP only 79 (18.3%) 72 (18.1%) 7 (21.2%) 1.31[0.20;35.2] 0.811
MBP only 9 (2.09%) 8(2.01%) 1(3.03%) 1.83[0.04;77.6] 0.72
MBP + OABP 327 (75.9%) 303 (76.1%) 24 (72.7%) 1.05 [0.20;26.2] 0.962
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Table 3 (continued)
[ALL] (N=431) Without SSls (N=398) SSlIs (N=33) OR p.OR p-Overall
Surgical wound class 0.169
Clean-contaminated 390 (92.0%) 362 (92.6%) 28 (84.8%) Ref Ref
Contaminated or dirty 34 (8.02%) 29 (7.42%) 5(15.2%) 2.27[0.72;5.95] 0.151
Grade of lead surgeon 0.074
Senior 315 (73.1%) 286 (71.9%) 29 (87.9%) Ref Ref
Middle 116 (26.9%) 112 (28.1%) 4(12.1%) 0.36 [0.10;0.96] 0.04
Surgical approach 0.036
Laparoscopic 342 (79.4%) 321 (80.7%) 21 (63.6%) Ref Ref
Open 89 (20.6%) 77 (19.3%) 12 (36.4%) 2.39[1.09,5.02] 0.031
Surgical duration (hours) 3.17[2.45;3.92] 3.11[242,3.83] 3.63[2.83;4.20] 1.36 [1.01;1.84] 0.046 0.021
Colostomy/ileostomy 0.002
No 304 (70.5%) 289 (72.6%) 15 (45.5%) Ref Ref
Yes 127 (29.5%) 109 (27.4%) 18 (54.5%) 3.17[1.53,6.62] 0.002
Postoperative bowel obstruction 1
No 399 (92.6%) 368 (92.5%) 31 (93.9%) Ref Ref
Yes 32 (7.42%) 30 (7.54%) 2 (6.06%) 0.84[0.12;3.01] 0.822

Table 4 Impact of surgical approach on the occurrence of SSIs

Surgical Approach [ALL] Laparoscopic Open P
N=431 N=342 N=89
SSls 33(7.66%) 21 (6.14%) 12 (13.5%) 0.036
SSls categories 0.032
Superficial incisional 402 (93.3%) 324 (94.7%) 78 (87.6%)
Deep incisional 29 (6.73%) 18 (5.26%) 11 (12.4%)
Organ or organ 3(0.70%) 2(0.58%) 1(1.12%)

space

Table 5 Impact of diabetes on the occurrence of SSIs

Diabetes [ALL] With Without P
N=431 N=398 N=33
SSls 33 (766%) 26(6.53%) 7(21.2%) 0.008
SSls categories 0495
Superficial incisional 4(12.1%) 4 (15.4%) 0 (0.00%)
Deep incisional 12 (36.4%) 8(30.8%) 4 (57.1%)
Organ ororgan space 17 (51.5%) 14(53.8%) 3 (42.9%)

randomized controlled trials have substantiated the effi-
cacy of routine employment of negative pressure wound
therapy in reducing the incidence of SSIs after ileostomy or
colostomy reversal [36, 37]. The widespread adoption and
practicality of this technique warrant further investigation.

Laparoscopic surgery is gradually becoming a common
practice worldwide. Some studies have found that the lapa-
roscopic approach significantly reduces the incidence of
SSIs following colorectal surgery [38]. We observed an SSIs
incidence of 6.14% in patients undergoing laparoscopic
surgery, which is significantly lower than that in open sur-
gery (13.5%). The role of laparoscopic techniques in reduc-
ing SSIs is commendable and warrants further promotion.

The recommendation for bowel preparation in CRC
surgery is highly debated. Different studies and differ-
ent countries provide varying conclusions and diverse
recommendations.A recent meta-analysis of 38 RCTs,
encompassing a total of 8458 patients, showed no sig-
nificant difference in overall SSIs between MBP and no
preparation [39]. This aligns with the findings of Katia
F Giienaga et al,, suggesting that bowel preparation can
be safely omitted in colon surgery without a significant

Table 6 Impact of bowel preparation methods on the occurrence of SSls

[ALL] None OABP only MBP only MBP + OABP P
N=431 N=16 N=79 N=9 N=327
SSls (YES) 33 (7.66%) 1(6.25%) 7 (8.86%) 1(11.1%) 24 (7.34%) 0.833
SSls categories 0.396
Superficial incisional 4(12.1%) 0 (0.00%) 2 (28.6%) 0 (0.00%) 2 (8.33%)
Deep incisional 12 (36.4%) 0 (0.00%) 1(14.3%) 0 (0.00%) 11 (45.8%)
Organ or organ space 17 (51.5%) 1 (100%) 4(57.1%) 1 (100%) 11 (45.8%)
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Table 7 Multivariate analysis
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Univariable P.Univariable Multivariable P.Multivariable
Body Mass Index 1.12[1.02;1.23] 0.017 1.11[0.99;1.25] 0.069
Diabetes 0.008
No Ref Ref
Yes 3.88[1.42,948] 0.01 3.78[1.41;10.12]
Surgical approach 0.039
Laparoscopic Ref Ref
Open 2.39[1.09,5.02] 0.031 245 1[1.05,5.75]
Colostomy/ileostomy 0.007
No Ref Ref
Yes 3.17[1.53,6.62] 0.002 3.01[1.34,6.75]
Surgical duration 1.36[1.01;1.84] 0.046 1.17[0.83;1.64] 0.362
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Fig. 2 Nomogram for predicting the probability of SSIs after CRC surgery. Components of the nomogram:Variables (Diabetes, Colostomy/ileostomy,
Surgical approach); Points, including Points for each variable and Total Points in the plot; Predicted Probability based on the Total Points; By drawing
a vertical line on the scale of each variable, a score can be assigned to them, and this total score can predict the probability of SSIs occurrence

reduction in complication rates [39, 40]. Furthermore,
the report indicates that compared to MBP only or no
preparation, MBP with OABP significantly reduces the
overall occurrence of SSIs [39]. However, the contrast
with OABP only does not yield a significant effect [39].
The controversy arises in whether to combine OABP
with MBP. A recent meta-analysis by Chen et al. com-
pared the effectiveness of MBP alone, OABP alone, and
the combination of MBP and OABP, indicating a reduc-
tion in infectious complications with the combination
[41]. Three randomized controlled trials exploring the
efficacy comparison between MBP and OABP alone ver-
sus OABP alone did not show statistically significant dif-
ferences [42—44]. Although recent studies by Ravi Pokala
Kiran et al. and Aaron L Klinger et al. suggested that the

combination of MBP and OABP is associated with the
lowest risk of infectious complications [45, 46]. Both the
American Society for Enhanced Recovery and the Perio-
perative Quality Initiative joint consensus and the 2022
Chinese guidelines for SSIs recommend preoperative oral
antibiotics combined with MBP to reduce the risk of SSIs
in adult patients undergoing elective colorectal surgery
[47, 48]. They do not recommend performing mechani-
cal bowel preparation alone (without oral antibiotics)
in adult patients undergoing elective colorectal surgery.
The Australian guidelines and European ERAS guidelines
suggest that routine use of MBP should not be employed
in colon surgery [49, 50]. Therefore, whether bowel prep-
aration is recommended in CRC surgery, and if so, the
recommended method of bowel preparation, may not
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have a uniform answer in different regions. It is neces-
sary for different regions to conduct high-quality RCT
research. Our study results did not show significant sta-
tistical differences in the incidence of SSIs among these
methods, which needs to be further explored in subse-
quent multicenter RCT studies.

While we observed an increase in SSIs rates during the
COVID-19 pandemic, it did not reach statistical signifi-
cance. This phenomenon may be attributed to the sud-
den emergence of the COVID-19 virus, which placed a
significant burden on healthcare institutions and posed
substantial challenges to infection prevention efforts. It
is worth noting that all patients undergoing surgery dur-
ing the pandemic period in our study had tested negative
for COVID-19 within the month prior to surgery. A study
conducted in Germany indicated a reduction in surgical
site infection rates, attributing it to strict hygiene meas-
ures during the COVID-19 period, including continuous
use of masks and gloves, reinforced hygiene standards for
clinical examinations, and routine wound control [19].

Despite the significant findings, this study has some
limitations. Firstly, its retrospective design introduces
inherent limitations, such as selection bias and potential
incomplete data. In terms of patient-related factors, we
did not delve into biochemical indicators such as hemo-
globin, Ibumin, etc. Concerning surgical factors, we did
not incorporate the ASA score. As for environmental
factors, our procedures adhere to standardized proto-
cols. These factors’ impact need to be considered in sub-
sequent studies. Secondly, the study was conducted at a
single institution, which may limit the generalizability of
the results. Multi-center studies involving diverse patient
populations would provide more robust evidence. Addi-
tionally, the influence of other unmeasured confound-
ing factors on SSIs occurrence could not be completely
excluded, such as American Society of Anesthesiology
score, nutritional status, immune system status. Future
studies may benefit from more comprehensive data col-
lection to further address these potential confounders.

Conclusions

This study showed that the incidence of SSIs after colo-
rectal surgery was 7.65%. the presence of diabetes, open
surgical procedures, and the presence of colostomy/
ileostomy were probably associated with the occurrence
of SSIs after colorectal surgery. A nomogram plot was
developed based on this to facilitate clinical application.
Considering the limitations of this observational study,
multicenter randomized controlled trials are still needed
to further determine the risk factors for SSIs after colo-
rectal surgery.
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