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Abstract
Background: To identify common risk factors for the future occurrence of SSI across digestive system
surgical procedures, thoracic surgery and orthopaedic procedures and quantify what the marginal
contribution of explaining the future occurrence of SSI is of risk factors specific to each group of
surgeries. Methods: Retrospective data from serial point-prevalence studies, performed at the Erasmus
MC University Medical Center, Rotterdam, The Netherlands were used, together with medical data, from
3.250 surgical procedures, during the period January 2013 to 29 June 2014. Common risk factors across
three groups of surgical procedures were identified by scanning literature and univariate analysis. A
multivariate forward-step logistic regression model was used to identify the marginal contribution of the
risk factor specific to each group of surgical procedure using the increase in the Gini coefficient. Results:
For digestive system surgical procedures, antibiotic use, temperature, smoking status, age, CRP,
thrombocyte, during of surgery and surgical urgency are risk factors for SSI, where the last four were
specific to the digestive system group of surgical procedures and increased the Gini coefficient by 9.5%
(0.63 to 0.69). Preoperative length of stay, antibiotic use and Leukocyte are risk factors for orthopaedic
surgical procedures. Temperature, age and the use of antibiotics were significant for thoracic surgical
procedures. Conclusion: ASA class, body mass index (BMI), Preoperative length of stay, diabetes,
antibiotic use, age, Leukocyte, temperature and smoking status as general risk factors common to
digestive, orthopaedic and thoracic surgical procedures using existing literature and univariate logistic
regression. Risk factors for SSI, specific to a surgical procedure group can increase the ability to explain
the future occurrence of SSI by 9.5%. The models developed in this study can aid healthcare workers to
improve preoperative counselling and help identify potentially modifiable risk factors.

Background
Surgical site infections (SSI), as defined by the European Centre for Disease Prevention and Control
(ECDC) [1], make up 19.6% of the total number of healthcare-associated infections (HAIs) in Europe. With
an estimated 81.089 patients in Europe having an HAI on any given day, almost 16.000 people in Europe
are suffering from some form of SSI at any given time [2]. The burden of SSI can be measured in terms of
increased length of stay in hospital, additional (surgical) procedures required, increased morbidity and
mortality as well as in economic terms [3].

The use of surgical antimicrobial prophylaxis (SAP) has altered the outcome of surgery dramatically with
early studies already showing odds of SSI being less than half after SAP was administered [4]. Risk
factors relating to the patient, procedure and the environment also alter the odds of developing an SSI.
Research has been done to identify risk factors for SSI with the hope that it will lead to pre-emptive action
to reduce the incidence rate of SSI [5–11].

Patient related risk factors for SSI, such as obesity, diabetes, surgery duration and the American Society
of Anaesthesiologists (ASA) score are risk factors for digestive system, thoracic and orthopaedic surgical
procedures [15], [18–28]. Some risk factors are only relevant to certain types of surgical procedures, but
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the marginal contribution of these surgery specific risk factors to explain the occurrence of SSI has yet to
be reported.

The ECDC reports the SSI surveillance data in 10 national health safety network (NHSN) categories,
which combines ICD-10-CM surgical procedure codes together [1]. The literature, concerning risk factors
for SSI, is segmented by the same categories and is done for good reason. Segmentation makes it
possible to find useful and relevant risk factors unique to each segment. For this study, we focus on
digestive system, thoracic and orthopaedic surgical procedures. Digestive system surgical procedures are
more prone to SSI and the severity vary. The occurrence of SSI after thoracic and orthopaedic surgeries
are both relatively low, but the severity of an SSI after a thoracic is much higher compared to orthopaedic
surgeries. It has yet to be shown which risk factors are common across these three different group of
surgical procedures and what the benefit is of including risk factors unique to them.

Risk factors common across three groups of surgeries are identified from existing literature and the
marginal contribution of the risk factors unique to each of them when predicting SSI is quantified.

Methods
The Erasmus MC University Medical Center in Rotterdam, the Netherlands (Erasmus MC), is the largest
university medical hospital in the Netherlands with more than 1.300 beds. [21]

We used the verified output from the infection control practitioners (ICP) for the SSI output variable.
Weekly (alter two-weekly) prevalence surveys were performed during January 2013 until June 2014 using
a semi-automated algorithm [21,22]. In short, an algorithm was used to calculate a nosocomial infection
index (NII) which was then verified by infection control practitioners (ICP) in case of a positive outcome to
determine whenever HAI was present or not. All patients with a NII > 7 are verified by an ICP, and a definite
outcome SSI was concluded by the ICP using the electronic patient data system.

We included 3,250 surgical procedures, performed on 2,929 distinct patients. Data were extracted from a
centralised database, containing cross-departmental data, and clinical synopsis reports, infectious
disease consultation reports, laboratory results and imaging reports. Surgeries were included if they form
part of the three types of surgeries under investigation in this study and had a point prevalence study
within 30 days after the surgery took place. If the surgery took place within 30 days after an included
surgery, then the latter surgery was excluded.
The data used for this study were anonymized in accordance to the Dutch Personal Data Protection Act
(WBP). Approval of the Medical Ethical Committee was obtained (MEC-2018-1185). There was no need to
obtain informed consent because this is a fully anonymous retrospective study and no further interaction
with the patients were necessary.

Risk factors relating to digestive system surgical procedures, thoracic surgery and orthopaedic
procedures were identified from existing literature using the corresponding medical subject headings
(MeSH). For a risk factor to be included in this study, it had to be significant in the multivariate analysis of
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the literature considered. The risk factors which are common to all three groups of surgeries, according to
our literature scan, are called “general risk factors”.
Statistical analysis

During the initial analysis of the data, a missing value analysis is performed. Using IBM SPSS Statistics
for Windows, Version 25, we performed t-tests to determine if the differences in the averages of variables
with missing values and those without were statistically significant. These tests, together with Little’s
MCAR test, convinced us that the missing values were not completely randomly missing and that we
could not make use of more simple imputation methods. We chose to use conditional Markov chain
Monte Carlo (MCMC) with multiple imputations for the imputation process. [23,24]

Tests for significant differences in the occurrence of SSI across all three groups of surgeries were
performed using the Wilcoxon-Kruskal-Wallis test for continuous variables and Pearson chi-square test
for categorical variables. In this study we consider variables to be statistically significant if the
corresponding p-value is less than 0.05.

In order to build a prognostic prediction model for SSI, Hosmer et al. suggests fitting a univariate logistic
regression model to each variable separately and if the p-value is less than a certain p-value, 0.1 is this
case, then consider the variable good enough to include in the multivariate logistic regression model. [26]
The data were split according to the different groups of surgeries in order to evaluate them separately. A
univariate analysis was performed for each of the three groups of surgeries using all the variables
identified across the three different groups. Significant variables in the univariate analysis are then also
added to the list of variables associated with each group of surgery, together with the variables identified
from the literature. This results in an extended list of general risk factors as more risk factors are
common across the three groups of surgeries.

A multivariate logistic regression model was applied using a forward stepwise approach.(28) The
multivariate model was first built using the general risk factors and then, using the result as a starting
point, the surgery group specific risk factors were added to the model in order of the Akaike information
criterion (AIC) until convergence is reached. In this case, we chose the conversion of the model to imply
that there are no additional variables which can be added which will be statistically significant with a p-
value of less than 0.05 or an AIC of 3.8415.

Each variable contributes information about the SSI outcome variable, which in turn reduces the error or
residual of the model. For a logistic regression model, the residual or error can be stated in terms of
deviance. To determine the importance of the different variables in the final model, we calculate the
difference in model deviance caused by the exclusion of each variable. Model performance are
determined using the Gini coefficient after each step of the multivariate modelling process and the
difference is reported as the marginal contribution of surgery group specific risk factors for this study.
[27]
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Results
In total, 55 risk factors were identified across the three types of surgical procedures from literature [15],
[18–28]. Of the risk factors identified, ASA class, body mass index (BMI), Preoperative length of stay and
diabetes were identified as general risk factors. The complete list of risk factors identified from literature
can be found in Table 6 as part of the Appendix. There are 24 risk factors unique to digestive system
surgical procedures, 14 to orthopaedic procedures and 15 to thoracic surgeries. Of the 55 risk factors
identified from the literature, 23 could be extracted from our own data to use in this study. These 23 risk
factors included in this study, together with the number of surgery groups they occurred in (N), are shown
in Table 1.
Table 1: Variables names and definitions used to investigate the future occurrence of SSI in this study
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Variable Abbreviation N Definition

Demographic

Gender GEN 2 Gender of patient

Age AGE 2 Age of patient

ASA class ASA 3 ASA class of patient

BMI BMI 3 BMI of patient at the time of surgery.

Behavioural

Alcohol use ALC 2 Alcohol use of patient at the time of surgery.

Smoking SMO 2 Smoking status of patient at the time of surgery.

Comorbidities

Heart disease HEA 2 Patient has a history of heart disease at the time of
surgery.

Liver disease LIV 2 Patient has a history of heart liver at the time of
surgery.

Hepatitis HEP 1 Hepatitis of patient at the time of surgery.

Hyper tension HYP 1 Patient has a history of hyper tension.

Diabetes DIA 3 Diabetes of patient at the time of surgery.

Measurement

Highest temperature TEM 1 Highest temperature of patient in the past 7 days
before surgery.

Highest CRP CRP 1 Highest CRP of patient in the past 7 days before
surgery.

Highest Leukocyte LEU 2 Highest Leukocyte of patient in the past 7 days
before surgery.

Highest protein PRO 1 Highest protein of patient in the past 7 days before
surgery.

Highest alkaline
phosphatase

ALK 1 Highest alkaline phosphatase of patient in the past
7 days before surgery.

Highest glucose GLU 1 Highest glucose of patient in the past 7 days before
surgery.

Highest haemoglobin HEM 1 Highest haemoglobin of patient in the past 7 days
before surgery.

Highest thrombocyte THR 1 Highest thrombocyte of patient in the past 7 days
before surgery.
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Operative

Preoperative length of
stay (days)

LOS 3 Preoperative length of stay (days) of patient at the
time of surgery.

Antibiotic use ANT 1 Antibiotic use of patient at the time of surgery.

Urgency URG 2 Urgency of the surgical procedure.

Duration of surgery DUR 2 Duration of the surgical procedure.

The test for differences for risk factors in Table 1 are shown in Table 2. The variables indicating the type
of surgery was statistically significant but there was no significant difference between the ASA classes of
patients for which SSI occurred. Diabetes and BMI were also not significant. Preoperative length of stay
was the only general risk factor which was statistically significant. Antibiotics use, temperature and CRP
were significant during initial analysis across the groups of surgeries with pvalue of less than 0.001.
Table 2: Test for differences preoperative and operative characteristic for the occurrence of SSI
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Variable SSI = No (3.078) SSI = Yes (172) p-value

Gender

Female 1243 (95.2) 63 (4.8) 0.328

Male 1835 (94.4) 109 (5.6)

Age 46.7 (26) 49 (23.5) 0.522

ASA class

ASA CLASS I 426 (96.6) 15 (3.4) 0.124

ASA CLASS II 1043 (94.6) 60 (5.4)

ASA CLASS III 1239 (94.8) 68 (5.2)

ASA CLASS IV 356 (93.0) 27 (7.0)

ASA CLASS V 14 (87.5) 2 (12.5)

BMI 24.8 (5.1) 24.7 (4.7) 0.966

Alcohol use

Current 1702 (95.0) 89 (5.0) 0.659

Never 1180 (94.3) 71 (5.7)

Past 196 (94.2) 12 (5.8)

Smoking

Current 1396 (93.3) 101 (6.7) 0.002

Never 978 (95.7) 44 (4.3)

Past 704 (96.3) 27 (3.7)

Heart disease

No 2942 (94.8) 161 (5.2) 0.225

Yes 136 (92.5) 11 (7.5)

Liver disease

No 2989 (94.7) 166 (5.3) 0.651

Yes 89 (93.7) 6 (6.3)

Hepatitis

No 3015 (94.6) 171 (5.4) 0.178

Yes 63 (98.4) 1 (1.6)
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Hyper tension

No 2440 (94.5) 142 (5.5) 0.299

Yes 638 (95.5) 30 (4.5)

Diabetes

No 2807 (94.9) 151 (5.1) 0.129

Yes 271 (92.8) 21 (7.2)

Highest temperature 38.1 (0.9) 38.9 (1) <0.001

Highest CRP 38.8 (69.3) 81.8 (105.2) <0.001

Highest Leukocyte 11.6 (6.7) 12.6 (7.1) 0.06

Highest protein 63.1 (10.4) 59.3 (11.8) <0.001

Highest alkaline phosphatase 110.3 (102.5) 123.3 (104.1) 0.04

Highest glucose 9.4 (3.3) 10.1 (3.5) 0.002

Highest haemoglobin 8.1 (1.2) 8 (1.3) 0.262

Highest thrombocyte 207.8 (103.7) 171.6 (92.9) <0.001

Preoperative length of stay (days) 6.4 (24.5) 10 (28.8) <0.001

Antibiotic use

No 2051 (97.7) 49 (2.3) <0.001

Yes 1027 (89.3) 123 (10.7)

Type of surgery

Digestive System Surgical Procedures 1010 (90.5) 106 (9.5) <0.001

Orthopaedic Procedures 941 (97.1) 28 (2.9)

Thoracic Surgery 1127 (96.7) 38 (3.3)

Urgency

Elective 1586 (96.4) 59 (3.6) <0.001

Emergency 1492 (93.0) 113 (7.0)

Duration of surgery 245.1 (131.1) 274.4 (163.2) 0.125

The significant univariate results of digestive system, orthopaedic and thoracic surgical procedures are
shown in Table 3 and the full results can be found in Table 5, Table 6 and Table 7 in the Appendix.
Antibiotic use, age, Leukocyte, temperature and smoking status were added to the list of general risk
factors after being found statistically significant in the univariate analysis – increasing the number of
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general risk factors to 9. BMI and diabetes were two risk factors identified as general Risk factors from
the literature but were not found significant in any of the three univariate analyses in our own study.
Table 3: Digestive system surgical procedures: univariate analysis of risk factors for the future occurrence
of SSI
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Characteristic SSI = No
(3.078)

SSI = Yes
(172)

Univariate OR (95% CI, p-
value)

Digestive system surgical
procedures

Age

23 310 (30.7) 9 (8.5)

23 700 (69.3) 97 (91.5) 4.77 (2.51-10.28, p<0.001)

ASA class

ASA CLASS I 140 (13.9) 6 (5.7)

ASA CLASS II 452 (44.8) 46 (43.4) 2.37 (1.07-6.31, p=0.052)

ASA CLASS III 343 (34.0) 40 (37.7) 2.72 (1.21-7.28, p=0.026)

ASA CLASS IV 75 (7.4) 14 (13.2) 4.36 (1.67-12.73, p=0.004)

Smoking

Current 492 (48.7) 67 (63.2)

Never 337 (33.4) 20 (18.9) 0.44 (0.25-0.72, p=0.002)

Past 181 (17.9) 19 (17.9) 0.77 (0.44-1.29, p=0.342)

Highest temperature

38 647 (64.1) 28 (26.4)

(38,39] 243 (24.1) 40 (37.7) 3.80 (2.31-6.36, p<0.001)

39 120 (11.9) 38 (35.8) 7.32 (4.34-12.47, p<0.001)

Highest CRP

164 905 (89.6) 75 (70.8)

164 105 (10.4) 31 (29.2) 3.56 (2.22-5.63, p<0.001)

Highest protein

57 321 (31.8) 53 (50.0)

57 689 (68.2) 53 (50.0) 0.47 (0.31-0.70, p<0.001)

Highest glucose

8.2 494 (48.9) 31 (29.2)

8.2 516 (51.1) 75 (70.8) 2.32 (1.51-3.63, p<0.001)

Highest thrombocyte
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225 692 (68.5) 95 (89.6)

225 318 (31.5) 11 (10.4) 0.25 (0.13-0.46, p<0.001)

Antibiotic use

No 581 (57.5) 19 (17.9)

Yes 429 (42.5) 87 (82.1) 6.20 (3.80-10.64, p<0.001)

Urgency

Elective 548 (54.3) 34 (32.1)

Emergency 462 (45.7) 72 (67.9) 2.51 (1.65-3.89, p<0.001)

Duration of surgery

530 971 (96.1) 89 (84.0)

530 39 (3.9) 17 (16.0) 4.76 (2.53-8.62, p<0.001)

Orthopaedic surgical procedures

Highest temperature

38 747 (79.4) 15 (53.6)

38 194 (20.6) 13 (46.4) 3.34 (1.54-7.14, p=0.002)

Highest CRP

144 883 (93.8) 20 (71.4)

144 58 (6.2) 8 (28.6) 6.09 (2.44-13.96, p<0.001)

Highest Leukocyte

17.3 820 (87.1) 17 (60.7)

17.3 121 (12.9) 11 (39.3) 4.39 (1.95-9.48, p<0.001)

Preoperative length of stay (days)

7 853 (90.6) 16 (57.1)

7 88 (9.4) 12 (42.9) 7.27 (3.27-15.79, p<0.001)

Antibiotic use

No 720 (76.5) 11 (39.3)

Yes 221 (23.5) 17 (60.7) 5.03 (2.35-11.23, p<0.001)

Thoracic surgical procedure

Age
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17 246 (21.8) 17 (44.7)

17 881 (78.2) 21 (55.3) 0.34 (0.18-0.67, p=0.001)

Smoking

Current 525 (46.6) 22 (57.9)

Never 316 (28.0) 13 (34.2) 0.98 (0.48-1.95, p=0.959)

Past 286 (25.4) 3 (7.9) 0.25 (0.06-0.73, p=0.025)

Highest temperature

37 316 (28.0) 2 (5.3)

(37,38] 612 (54.3) 20 (52.6) 5.16 (1.50-32.47, p=0.027)

38 199 (17.7) 16 (42.1) 12.70 (3.56-80.90, p=0.001)

Antibiotic use

No 750 (66.5) 19 (50.0)

Yes 377 (33.5) 19 (50.0) 1.99 (1.04-3.82, p=0.037)

Urgency

Elective 605 (53.7) 14 (36.8)

Emergency 522 (46.3) 24 (63.2) 1.99 (1.03-3.98, p=0.044)

The general risk factors which were significant for digestive system surgical procedures were antibiotic
use, temperature, smoking status and age according to the multivariate analysis results shown in Table 4.
The additional significant risk factors, indicated in bold, which were unique to the digestive system
surgery group, were CRP, thrombocyte, duration of the surgery and if the surgery was an elective or not. In
this case, the general risk factors reduced the residual deviance from 700.66 to 570.24. The risk factors
identified to be unique to digestive system surgical procedures reduced the residual deviance from 570.24
to 531.05 and improved the Gini coefficient from 0.63 to 0.69. Important to know, the variables CRP and
thrombocyte were the biggest contributors in the increase in model performance with both decreasing the
residual deviance by almost 14. Pre-operative length of stay, antibiotic use and Leukocyte were
significant general risk factor for the orthopaedic group of surgeries, resulting in a Gini coefficient of 0.6.
Temperature, age and antibiotic use were significant general risk factors for the thoracic group of surgical
procedures and produced a Gini coefficient of 0.51. Neither the orthopaedic nor the thoracic group of
surgical procedures had any significant risk factors unique to the group of surgeries.
Table 4: Multivariate analysis of risk factors for the future occurrence of SSI by group of surgeries (Risk
factors in bold are the additional risk factors not part of the general risk factors)
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Surgery type & variable Coefficient Multivariate OR

(95% CI)

p-
value

Residual
deviance

Digestive System Surgical
Procedures

(Intercept) -4.560 0.010 (0.004 -
0.024)

<0.001 700.660

Antibiotic use Yes 0.911 2.488 (1.355 -
4.797)

0.005 636.770

Highest temperature (38, 39] 0.962 2.616 (1.526 -
4.527)

<0.001 588.810

Highest temperature 39 1.757 5.796 (3.226 -
10.517)

<0.001 588.810

Smoking = Never -0.929 0.395 (0.218 -
0.688)

<0.001 578.020

Smoking = Past -0.551 0.577 (0.308 -
1.040)

0.075 578.020

Age 23 1.122 3.071 (1.347 -
7.578)

0.010 570.240

Highest CRP 164 1.074 2.928 (1.681 -
5.038)

<0.001 556.300

Highest thrombocyte 225 -0.983 0.374 (0.179 -
0.720)

0.005 542.650

Duration of surgery 530 1.221 3.390 (1.612 -
6.957)

<0.001 535.180

Urgency Emergency 0.529 1.698 (1.018 -
2.883)

0.045 531.050

Orthopaedic Surgical Procedures

(Intercept) -4.682 0.009 (0.004 -
0.017)

<0.001 253.650

Preoperative length of stay7 1.552 4.721 (2.035 -
10.674)

<0.001 232.920

Antibiotic use Yes 1.224 3.402 (1.521 -
7.839)

0.003 223.240

Highest Leukocyte 17.3 1.254 3.505 (1.511 -
7.819)

0.003 215.080

Thoracic Surgical Procedures
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(Intercept) -4.195 0.015 (0.002 -
0.053)

<0.001 334.890

Highest temperature (37,38] 1.311 3.709 (1.055 -
23.515)

0.081 315.670

Highest temperate 38 1.826 6.209 (1.676 -
40.324)

0.018 315.670

Age 17 -1.742 0.175 (0.062 -
0.463)

<0.001 311.810

Antibiotic use Yes 1.549 4.708 (1.846 -
13.172)

0.002 300.860

The resultant equations of the multivariate logistic regression models are provided in Equation 1 to
Equation 3. The abbreviations of the variable names are provided in Table 1.

We summarise the findings concerning the statistical significance of the risk factors by surgical
procedure in Table 5. The stage of significance indicates the last stage of the analysis where this risk
factor was statistically significant for corresponding group of surgeries. The source indicates where the
reason why each risk factor was considered for each group of surgeries. In the last section we see the risk
factors we found in literature but were not significant for any of the groups of surgeries for both the
univariate and multivariate analysis. Risk factors which were significant in the multivariate analysis, but
not the univariate analysis are shown in the first part of Table 5.
Table 5: Statistical significance of risk factors and the source which lead them to be considered by
surgical procedure
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Stage of significance (Source) Digestive System Orthopaedic Thoracic

Multivariate Analysis (Literature)

Age *

Preoperative length of stay (days) *

Duration of surgery *

Highest temperature *

Highest thrombocyte *

Smoking *

Urgency *

Multivariate Analysis (Univariate Analysis)

Antibiotic use * * *

Age *

Highest CRP *

Highest Leukocyte *

Highest temperature *

Univariate Analysis (Literature)

ASA class *

Highest CRP *

Highest glucose *

Highest Leukocyte *

Highest protein *

Urgency *

Univariate Analysis (Univariate Analysis)

Highest temperature *

Smoking *

None (Literature)

Age *

ASA class * *

BMI * * *
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Preoperative length of stay (days) * *

Diabetes * * *

Alcohol use * *

Duration of surgery *

Gender * *

Heart disease * *

Hepatitis *

Highest alkaline phosphatase *

Highest haemoglobin *

Highest Leukocyte *

Hyper tension *

Liver disease * *

Smoking   *  

Discussion
We aimed to identify general risk factors, common across three groups of surgeries, using literature and
univariate analysis to quantify the marginal contribution of the risk factors not common to those three
groups of surgeries.

From the literature we could identify ASA class, BMI, preoperative length of stay (days) and diabetes as
general risk factors. We added antibiotic use, age, Leukocyte, temperature and smoking status as to the
list of general risk factors by using the results of the univariate analysis. These risk factors might have
been overlooked should this study have focussed on only one type of surgery. Using this process,
researchers may find useful risk factors to explain the future occurrence of SSI in their own environment,
but not generally reported by literature of the specific type of surgery under investigation.

This study produced three prognostic prediction models (Equation 1 – 3) for the future occurrence of SSI
within a 30 days period after undergoing one of the three group of surgical procedures. Using existing
literature and the results of the univariate analysis, we identified general risk factors across three groups
of surgical procedures and showed that the marginal contribution for models predicting SSI could be up
to 9.5% in terms of discriminatory power by including surgery group specific risk factors. We also showed
that this benefit can be measured in terms of reduced model error and ability to discriminate using the
Gini as performance measure.

The initial results of the missing data analysis revealed that the variables relating to the CRP and
Leukocyte levels have a sizeable amount of missing values. The difference in the preoperative length of
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stay led us to believe that most of these missing values were caused by patients who did not stay
sufficiently long in the hospital to have the laboratory tests before the surgical procedure took place. A
possible explanation could be that most of the missing values were due to short-stay elective or
emergence surgery patients or the absence of signs of infections which would lead to not requesting this
chemical test. These laboratory tests are usually only done in case the patient is suspected of already
having an infection. Our conclusion was that final model might be prone to overestimate the probability
of SSI since the missing values were imputed using data from patients with greater risk of infection.

We used a 30-day outcome period in which we observe if an SSI was present or not, but according the
CDC definition, this outcome period should be 1 year for surgical implantation procedures. Since our data
only spans over 18 months, it was not possible to use a 12-month outcome windows for all surgical
implantation procedures, which is a limitation of this study. Another limitation is that for all three groups
of surgical procedures, the use of antibiotics is predictive of occurrence of SSI. This could mean that the
patient is already fighting off some kind infection and is receiving treatment for a present condition which
has nothing to do with the surgery under investigation. This study was performed in as a single centre
study, which limits the generalisability of this study. Future research can repeat this research on multiple
patient populations in order produce more generalisable results.

The predictive models were designed with the aim to use it to investigate more variables as potential risk
factors for the future occurrence of SSI, 30 days after a surgical procedure. The administration of
prophylaxis and the optimal timing thereof is an important risk factor however, these data were not
available, but in future we recommend that these data should also be included in similar studies.
Although some research has been done in this regard, to our knowledge, it has not been done for this
patient population and confounders identified in this study.

The length of stay before a surgical procedure had mixed outcomes as a risk factor in the literature.
Abuzaid et al. found it to be not significantly associated with SSI after isolated coronary artery bypass
grafting, while Sang et al. found it to be highly significant [5,7]. Preoperative length of stay can also be a
proxy for the severity of a patient’s condition, if we assume that patients in worse conditions are more
likely to have been in hospital for a longer period before undergoing a surgical procedure. This variable
was significant in both the univariate and multivariate case for the orthopaedic surgeries group. The
cause of the increased lengths of stay could be investigated as a potential modifiable risk factor.

Another opportunity for future research is to investigate which risk factors are predictive for the
occurrence of SSI over different time periods. Doing this will enable healthcare workers to identify which
risk factors explain the occurrence of SSI soon after surgery and which are better explain the occurrence
of SSI nearing the end of the 30-day period or even later for implantation surgeries. This can help set
guidelines to determine the vigilance necessary to mitigate the risk of SSI on a patient level.

Conclusion
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We identified ASA class, body mass index (BMI), Preoperative length of stay, diabetes, antibiotic use, age,
Leukocyte, temperature and smoking status as general risk factors common to digestive, orthopaedic and
thoracic surgical procedures using existing literature and univariate logistic regression. We used a
systematic approach to quantify the marginal contribution of the surgical procedure group specific risk
factors using the results of a serial prevalence study and retrospective medical data. For digestive system
surgical procedures, it is possible to increase the predictive power to explain the future occurrence of SSI
by 9.5% by including CRP, thrombocyte, duration of the surgery and if the surgery will be elective or not.
Pre-operative length of stay, antibiotic use and Leukocyte were significant general risk factor for the
orthopaedic group of surgeries. Temperature, age and antibiotic use were significant general risk factors
for the thoracic group of surgical procedures. Neither the orthopaedic nor the thoracic group of surgical
procedures predictive risk factors unique to the group of surgeries. This is important because these
results can help healthcare workers provided better preoperative counselling and aid researchers in
identifying potentially modifiable risk factors in future research.
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Appendix
Table 6: Variables identified from literature and present in the data sample by group of surgeries
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Risk Factor Found in
data

Digestive
System

Orthopaedic Thoracic Total

ASA class 1 1 1 1 3

BMI 1 1 1 1 3

Preoperative length of stay (days) 1 1 1 1 3

Diabetes 1 1 1 1 3

Age 1 1 1 2

Alcohol use 1 1 1 2

Duration of surgery 1 1 1 2

Gender 1 1 1 2

Heart disease 1 1 1 2

Highest Leukocyte 1 1 1 2

Liver disease 1 1 1 2

Smoking 1 1 1 2

Urgency 1 1 1 2

Hepatitis 1 1 1

Highest alkaline phosphatase 1 1 1

Highest CRP 1 1 1

Highest glucose 1 1 1

Highest haemoglobin 1 1 1

Highest protein 1 1 1

Highest temperature 1 1 1

Highest thrombocyte 1 1 1

Hyper tension 1 1 1

Immunosuppression 1 1 2

Anaesthesia 1 1

Antibiotic treatment in the previous
3 months

1 1

Bypass time 1 1

CDC Surgical wound classification
(SWC)

1 1
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Cerebrovascular accident 1 1

Chronic lung disease 1 1

Dialysis 1 1

Estimated blood loss (EBL) >
600ml

1 1

History of previous SSI 1 1

HIV 1 1

Hospitalization in the previous
year

1 1

ICU admission during the
preceding 6 months

1 1

Incision cleanness 2–4 1 1

Intraoperative hypothermia 1 1

Open fracture 1 1

Peripheral vascular disease 1 1

Postoperative ICU stay (days) 1 1

Preoperative open
wound/infection

1 1

Previous coronary artery bypass
graft surgery

1 1

Previous surgery 1 1

Prior operation on same joint 1 1

Re-admission to the CVICU 1 1

Revision or primary surgery 1 1

Spinal level of surgery 1 1

Surgery involving the sacrum or
pelvis

1 1

Type of surgery procedure 1 1

Use of antibiotic prophylaxis     1   1

Table 7: Digestive system univariate analysis preoperative and operative characteristic for the future
occurrence of SSI
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Characteristic SSI = Yes SSI = No Univariate OR (95%CI, p-value)

Gender

Female 433 (42.9) 40 (37.7)

Male 577 (57.1) 66 (62.3) 1.24 (0.82-1.88, p=0.309)

Age

23 310 (30.7) 9 (8.5)

23 700 (69.3) 97 (91.5) 4.77 (2.51-10.28, p<0.001)

ASA class

ASA CLASS I 140 (13.9) 6 (5.7)

ASA CLASS II 452 (44.8) 46 (43.4) 2.37 (1.07-6.31, p=0.052)

ASA CLASS III 343 (34.0) 40 (37.7) 2.72 (1.21-7.28, p=0.026)

ASA CLASS IV 75 (7.4) 14 (13.2) 4.36 (1.67-12.73, p=0.004)

BMI 23.7 (5) 24.2 (4.4) 1.02 (0.98-1.06, p=0.286)

Alcohol use

Current 473 (46.8) 47 (44.3)

Never 457 (45.2) 51 (48.1) 1.12 (0.74-1.71, p=0.585)

Past 80 (7.9) 8 (7.5) 1.01 (0.43-2.10, p=0.987)

Smoking

Current 492 (48.7) 67 (63.2)

Never 337 (33.4) 20 (18.9) 0.44 (0.25-0.72, p=0.002)

Past 181 (17.9) 19 (17.9) 0.77 (0.44-1.29, p=0.342)

Heart disease

No 960 (95.0) 97 (91.5)

Yes 50 (5.0) 9 (8.5) 1.78 (0.80-3.57, p=0.126)

Liver disease

No 967 (95.7) 101 (95.3)

Yes 43 (4.3) 5 (4.7) 1.11 (0.38-2.63, p=0.825)

Hepatitis

No 980 (97.0) 105 (99.1)
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Yes 30 (3.0) 1 (0.9) 0.31 (0.02-1.47, p=0.253)

Hyper tension

No 841 (83.3) 90 (84.9)

Yes 169 (16.7) 16 (15.1) 0.88 (0.49-1.50, p=0.666)

Diabetes

No 931 (92.2) 93 (87.7)

Yes 79 (7.8) 13 (12.3) 1.65 (0.85-2.98, p=0.117)

Highest temperature

38 647 (64.1) 28 (26.4)

(38,39] 243 (24.1) 40 (37.7) 3.80 (2.31-6.36, p<0.001)

39 120 (11.9) 38 (35.8) 7.32 (4.34-12.47, p<0.001)

Highest CRP

164 905 (89.6) 75 (70.8)

164 105 (10.4) 31 (29.2) 3.56 (2.22-5.63, p<0.001)

Highest Leukocyte 12.2 (7.4) 12.2 (7.6) 1.00 (0.97-1.03, p=0.992)

Highest protein

57 321 (31.8) 53 (50.0)

57 689 (68.2) 53 (50.0) 0.47 (0.31-0.70, p<0.001)

Highest Leukocyte 149.8 (128.7) 138.2 (108.6) 1.00 (1.00-1.00, p=0.372)

Highest glucose

8.2 494 (48.9) 31 (29.2)

8.2 516 (51.1) 75 (70.8) 2.32 (1.51-3.63, p<0.001)

Highest haemoglobin 7.9 (1.3) 7.9 (1.2) 1.02 (0.88-1.19, p=0.758)

Highest thrombocyte

225 692 (68.5) 95 (89.6)

225 318 (31.5) 11 (10.4) 0.25 (0.13-0.46, p<0.001)

Preoperative length of stay (days) 7.2 (26.1) 10.1 (32.8) 1.00 (1.00-1.01, p=0.286)

Antibiotic use

No 581 (57.5) 19 (17.9)
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Yes 429 (42.5) 87 (82.1) 6.20 (3.80-10.64, p<0.001)

Urgency

Elective 548 (54.3) 34 (32.1)

Emergency 462 (45.7) 72 (67.9) 2.51 (1.65-3.89, p<0.001)

Duration of surgery

530 971 (96.1) 89 (84.0)

530 39 (3.9) 17 (16.0) 4.76 (2.53-8.62, p<0.001)

Table 8: Orthopaedic surgical procedures univariate analysis preoperative and operative characteristic for
the future occurrence of SSI
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Characteristic SSI = Yes SSI = No Univariate OR (95%CI, p-value)

Gender

Female 404 (42.9) 10 (35.7)

Male 537 (57.1) 18 (64.3) 1.35 (0.63-3.08, p=0.448)

Age 49 (21.4) 48.4 (18) 1.00 (0.98-1.02, p=0.880)

ASA class

ASA CLASS I 254 (27.0) 9 (32.1)

ASA CLASS II 411 (43.7) 9 (32.1) 0.62 (0.24-1.60, p=0.314)

ASA CLASS III 247 (26.2) 8 (28.6) 0.91 (0.34-2.43, p=0.856)

ASA CLASS IV 29 (3.1) 2 (7.1) 1.95 (0.29-8.02, p=0.409)

BMI 25.8 (5) 27.2 (4.6) 1.06 (0.98-1.13, p=0.140)

Alcohol use

Current 486 (51.6) 16 (57.1)

Never or Past 455 (48.4) 12 (42.9) 0.80 (0.37-1.70, p=0.567)

Smoking

Current 379 (40.3) 12 (42.9)

Never 325 (34.5) 11 (39.3) 1.07 (0.46-2.47, p=0.875)

Past 237 (25.2) 5 (17.9) 0.67 (0.21-1.82, p=0.451)

Heart disease

No 889 (94.5) 26 (92.9)

Yes 52 (5.5) 2 (7.1) 1.32 (0.21-4.57, p=0.714)

Liver disease

No 914 (97.1) 27 (96.4)

Yes 27 (2.9) 1 (3.6) 1.25 (0.07-6.24, p=0.827)

Hyper tension

No 781 (83.0) 23 (82.1)

Yes 160 (17.0) 5 (17.9) 1.06 (0.35-2.62, p=0.906)

Diabetes

No 864 (91.8) 25 (89.3)
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Yes 77 (8.2) 3 (10.7) 1.35 (0.32-3.95, p=0.633)

Highest temperature

38 747 (79.4) 15 (53.6)

38 194 (20.6) 13 (46.4) 3.34 (1.54-7.14, p=0.002)

Highest CRP

144 883 (93.8) 20 (71.4)

144 58 (6.2) 8 (28.6) 6.09 (2.44-13.96, p<0.001)

Highest Leukocyte

17.3 820 (87.1) 17 (60.7)

17.3 121 (12.9) 11 (39.3) 4.39 (1.95-9.48, p<0.001)

Highest protein 62.2 (10.4) 59.5 (11) 0.98 (0.94-1.01, p=0.181)

Highest alkaline phosphatase 89.8 (72.3) 79.6 (40.9) 1.00 (0.99-1.00, p=0.455)

Highest glucose 8.6 (3) 9.2 (4) 1.06 (0.94-1.17, p=0.282)

Highest haemoglobin 8.1 (1.2) 7.9 (1.3) 0.90 (0.65-1.24, p=0.510)

Highest thrombocyte 185 (94.2) 157.8 (90.2) 1.00 (0.99-1.00, p=0.134)

Preoperative length of stay (days)

7 853 (90.6) 16 (57.1)

7 88 (9.4) 12 (42.9) 7.27 (3.27-15.79, p<0.001)

Antibiotic use

No 720 (76.5) 11 (39.3)

Yes 221 (23.5) 17 (60.7) 5.03 (2.35-11.23, p<0.001)

Urgency

Elective 433 (46.0) 11 (39.3)

Emergency 508 (54.0) 17 (60.7) 1.32 (0.62-2.93, p=0.483)

Duration of surgery 205.4 (111.2) 199.6 (108.6) 1.00 (1.00-1.00, p=0.788)

Table 9: Thoracic surgical procedures univariate analysis preoperative and operative characteristic for the
future occurrence of SSI
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Characteristic SSI = Yes SSI = No Univariate OR (95%CI, p-value)

Gender

Female 406 (36.0) 13 (34.2)

Male 721 (64.0) 25 (65.8) 1.08 (0.56-2.20, p=0.819)

Age

17 246 (21.8) 17 (44.7)

17 881 (78.2) 21 (55.3) 0.34 (0.18-0.67, p=0.001)

ASA class

ASA CLASS II 212 (18.8) 5 (13.2)

ASA CLASS III 649 (57.6) 20 (52.6) 1.31 (0.52-3.96, p=0.597)

ASA CLASS IV 266 (23.6) 13 (34.2) 2.07 (0.77-6.54, p=0.173)

BMI 24.9 (5.1) 24.1 (4.8) 0.97 (0.91-1.03, p=0.323)

Alcohol use

Current 743 (65.9) 26 (68.4)

Never 333 (29.5) 8 (21.1) 0.69 (0.29-1.47, p=0.359)

Past 51 (4.5) 4 (10.5) 2.24 (0.64-6.03, p=0.147)

Smoking

Current 525 (46.6) 22 (57.9)

Never 316 (28.0) 13 (34.2) 0.98 (0.48-1.95, p=0.959)

Past 286 (25.4) 3 (7.9) 0.25 (0.06-0.73, p=0.025)

Hyper tension

No 818 (72.6) 29 (76.3)

Yes 309 (27.4) 9 (23.7) 0.82 (0.36-1.69, p=0.612)

Diabetes

No 1012 (89.8) 33 (86.8)

Yes 115 (10.2) 5 (13.2) 1.33 (0.45-3.20, p=0.557)

Highest temperature

37 316 (28.0) 2 (5.3)

(37,38] 612 (54.3) 20 (52.6) 5.16 (1.50-32.47, p=0.027)
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38 199 (17.7) 16 (42.1) 12.70 (3.56-80.90, p=0.001)

Highest CRP 30.5 (60) 40.6 (61.6) 1.00 (1.00-1.01, p=0.313)

Highest Leukocyte 11.2 (6.6) 12 (6.2) 1.02 (0.97-1.06, p=0.470)

Highest protein 65.6 (9.5) 65.4 (9.7) 1.00 (0.97-1.03, p=0.865)

Highest alkaline phosphatase 92.1 (86.1) 114.1 (114.7) 1.00 (1.00-1.00, p=0.134)

Highest glucose 10.3 (3.2) 10.5 (2.8) 1.02 (0.92-1.12, p=0.684)

Highest haemoglobin 8.3 (1.1) 8.2 (1.4) 0.97 (0.72-1.28, p=0.814)

Highest thrombocyte 243.3 (102.5) 233 (110.8) 1.00 (1.00-1.00, p=0.545)

Preoperative length of stay (days) 6.4 (21.9) 5.5 (11.1) 1.00 (0.97-1.01, p=0.806)

Antibiotic use

No 750 (66.5) 19 (50.0)

Yes 377 (33.5) 19 (50.0) 1.99 (1.04-3.82, p=0.037)

Urgency

Elective 605 (53.7) 14 (36.8)

Emergency 522 (46.3) 24 (63.2) 1.99 (1.03-3.98, p=0.044)

Duration of surgery 291.6 (126.7) 270.1 (156.2) 1.00 (1.00-1.00, p=0.307)


