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Abstract: Introduction: Postoperative infection is a major cause of morbidity and prolonged
hospitalization in patients undergoing gastrointestinal surgery. This observational study aimed
to investigate the risk factors associated with postoperative infection and to develop a prediction
model for postoperative infections that occur after gastrointestinal surgery. Methods: The study
population comprised 1637 patients who underwent gastrointestinal surgery at Niigata University
Medical and Dental Hospital between June 2013 and May 2017. Observational data from 1883 surgical
procedures were used in the statistical analyses (including 198 patients who underwent several
operations). Results: The generalized estimating equation (GEE) was used to detect significant risk
factors, including older age, history of smoking, body temperature greater than 38 ◦ C, non-endoscopic
surgical procedures, surgery in the thoracic or lower gastrointestinal tract, and use of medical
nutritional products during surgery. The sensitivity and specificity of the GEE model were 88.2%
and 55.1%, respectively. Conclusion: This study established a predictable GEE model, incorporating
the data of patients who were hospitalized several times into a prediction analysis, even though the
sensitivity was not sufficiently high. The GEE model, which is considered clinically useful, can be
constructed using a variety of variables, including those obtained from electronic health records.
Keywords: gastrointestinal surgery; postoperative infection; generalized estimating equation; surgical
site infection

1. Introduction
Postoperative infections (POIs), including surgical site infections (SSIs), in patients who undergo
gastrointestinal (GI) surgery could lead to morbidity and prolonged hospitalization, which consequently
increases medical costs and ultimately increases the risk of mortality [1]. Ohno et al. reported that
following the occurrence of SSIs after GI surgery, the median time for hospitalization was prolonged
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to 9 days, and the median medical cost increased to 576,000 Japanese Yen [2]. POIs comprise SSIs
and remote infections. After surgery, remote infections can be observed at various sites, such as the
respiratory and urinary tracts; drainage infection, antibiotic-associated diarrhea, and catheter-related
bloodstream infections are also observed.
An observational study in Japan reported a POI incidence of 10.7% in 6582 patients who underwent
GI surgery (6.8% for endoscopic surgery and 18.7% for open surgery) in 2015. In addition, the incidence
rates of SSI in the biliary tract, pancreas, and esophagus were approximately 32.4%, 31.2%, and 20.1%,
respectively, which were remarkably higher than those in other surgical sites [1].
Antibiotics have been widely administered during the perioperative period for the prevention
of POIs induced by GI surgery. For example, the guidelines for the prevention of surgical infection
recommend that cefazolin sodium should be administered every 3 h during esophageal cancer resection
surgery [3]. Moreover, for patients undergoing biliary and pancreatic surgery, cefmetazole sodium
should be administered every 3 h during surgery [4].
Other studies have identified some risk factors for POIs, including diabetes, obesity, older age,
emergency operations, evident contamination (with debris, pus, stool, or other substances) of the injury
or the surgical area, open surgery, lower GI ostomy surgery, and lower GI resection surgery [5,6].
In addition to SSIs, there are other infection routes, such as the respiratory and urinary tracts;
catheter-related bloodstream infections and other bloodstream infections are major causes of severe
sepsis and septic shock. Severe sepsis and septic shock have mortality rates of approximately 50%.
Severe sepsis and septic shock are as common and lethal as other acute life-threatening conditions
that emergency physicians routinely encounter, such as acute myocardial infarction, stroke, and
trauma [1,7,8].
This study aimed to determine the significant factors affecting the incidence of POIs in patients
undergoing GI surgery using the generalized estimating equation (GEE) analysis, which includes the
clinical data of patients admitted to the hospital that were obtained from the electronic health records.
The accuracy of the constructed GEE model was evaluated by cross-validation using internal data and
predictive values using external data.
2. Materials and Methods
2.1. Patients
In this retrospective study, we enrolled 1789 adult patients who underwent GI surgery between
June 2013 and May 2017 within the Division of Digestive and General Surgery, Niigata University
Medical and Dental Hospital, Japan. In all patients, a total of 2194 operations were performed,
which indicated that some patients were hospitalized and underwent GI surgery more than once.
This study included only those patients who underwent a single operation during hospitalization.
Hence, it excluded 91 patients who underwent several operations during initial hospitalization and
70 surgical procedures performed in patients who tested positive for infections in any bacterial culture
tests conducted before the operation. As a result, 1637 patients who underwent a total of 1883 surgical
procedures were included in this study. Among these patients, 198 underwent two surgical procedures,
37 underwent three surgical procedures, and 11 underwent more than three surgical procedures
(Figure 1).
An individual was considered positive for POIs when incisional infections, SSIs, and remote
infections, including respiratory tract, urinary tract, and catheter-related bloodstream infections, were
observed. Bacterial infection was confirmed by bacterial isolation. Bacterial colonization was defined as
the presence of low-volume bacteria [1]. Data were collected to determine the infection and colonization
status of the following antimicrobial-resistant bacteria: Clostridioides difficile, methicillin-resistant
Staphylococcus aureus, and extended-spectrum beta-lactamase-producing Enterobacteriaceae [9–11].
The observational period lasted until 5 days after surgery.
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This study protocol was approved by the Institutional Ethics Committee of Niigata University
Medical and Dental Hospital (2017-0070).

2.2. Variables

Figure 1. Consort diagram.
Figure 1. Consort diagram.

2.2. Variables
Data on patient characteristics, clinical examinations, surgical procedures, and medications used
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in the statistical analysis were extracted from the electronic health records of Niigata University Medical
and Dental Hospital. All variables and categories are shown in the left column of Tables 1–4.
Table 1. Demographic and patient characteristics.
A history of smoking was
considered existent in patients who were smoking upon admission or
who used to smoke. Data on age, body weight,
and height
were collected at the time of
Postoperative
Infection
Chi-Square Test
Total
(%) was categorized according to the National Institutes of Health
Variables Body mass
hospitalization.
index
p-Value
Positive (n = 135)
Negative (n = 1502)
criteria [12]. Preoperative clinical examination data were gathered only 7 days prior to the patient’s
Sex
0.014
surgery. Continuous clinical assessment data were categorized into two groups, normal and
Female
673 (41.1)
42 (6.2)
631 (93.8)
abnormal,Male
which were defined
based on the Common
964 (58.9)
93 (9.6) Terminology
871Criteria
(90.4) for Adverse Events and
the Japanese
Committee for Clinical Laboratory Standards classification [13,14]. The missing values
Age at
0.002
were hospitalization
assumed to be normal. Endoscopic surgery included laparoscopic and thoracoscopic surgeries.
60 years
476 (29.0)
23 (4.8)four groups based
453 (95.2)
Operation
time was divided
into the following
on the timing of antibiotic
61–70 years
518 (31.6)
40 (7.7)
478 (92.3)
administration:
<3, 3–6, 6–9,
and ≥9 h [15]. Data
on the medications
administered to patients during
71–80 years
467 (28.5)
50 (10.7)
417 (89.3)
surgery≥81
were
collected
and
divided
into
10
categories
based
on
the
years
176 (10.8)
22 (12.5)
154 drug
(87.5) classes established by the
Ministry
of
Health,
Labor
and
Welfare
[16].
History of smoking
0.003
No
Yes
Missing
Alcohol habit
Absence
Variables
Presence
Missing
Body massSex
index at
Female
hospitalization
<18.5Male
kg/m2
18.5–24.9
kg/m2
Age at hospitalization
≥25 kg/m2
60 years
Drainage
61–70
years
Absence
71–80
years
Presence

≥81 years
History of smoking
No
Yes
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776 (48.1)
46 (5.9)
730 (94.1)
836
(51.9)
83
(9.9)
753
(90.1)
Table 1. Demographic and patient characteristics.
26
5 (24.0)
21 (76.0)

Postoperative Infection
1050 (65.2)Total (%) 84 (8.0) Positive
561 (34.8)
46 (8.2)
(n = 135)
26
6 (24.0)

673 (41.1)

966 (92.0)
Negative
515 (91.8)(n = 1502)
19 (76.0)

42 (6.2)

631 (93.8)

202 (12.3) 964 (58.9) 19 (9.4) 93 (9.6)
1089 (66.5)
91 (8.4)
346 (21.1)
25 (7.2)

183 871
(90.6)
(90.4)
998 (91.6)
321 (92.8)

476 (29.0)
23 (4.8)
518
(31.6)
439 (26.8)
16 (3.6) 40 (7.7)
467
(28.5)
1198 (73.2)
119 (9.9) 50 (10.7)
176 (10.8)
22 (12.5)

453 (95.2)
(92.3)
423 478
(96.4)
417
(89.3)
1079 (90.1)
154 (87.5)

0.924

Chi-Square
Test p-Value
0.014

0.671

0.002
<0.001

0.003
776 (48.1)
836 (51.9)

46 (5.9)
83 (9.9)

730 (94.1)
753 (90.1)
3
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Table 2. Clinical laboratory tests conducted on preoperative days 1–7.

Temperature
Normal (<38.0 ◦ C)
Abnormal (≥38.0 ◦ C)
White blood cell
Normal (<10,000/per µL)
Abnormal (≥10,000 per µL)
Albumin
Normal (≥3.0 g/dL)
Abnormal (<3.0 g/dL)
Hemoglobin
Normal (≥10.0 g/dL)
Abnormal (<10.0 g/dL)
Red blood cell
Normal (≥10.0 × 104 /µL)
Abnormal (<10.0 104 /µL)
International normalized ratio
Normal (<1.15)
Abnormal (≥1.15)
Platelet count
Normal (>75,000/µL)
Abnormal (<75,000/µL)
Gamma-glutamyl transpeptidase
Normal (<47/L)
Abnormal (≥47/L)
Alanine aminotransferase
Normal (<47/L)
Abnormal (≥47/L)
Aspartate aminotransferase
Normal (Male < 42, Female < 23/L)
Abnormal (Male ≥ 42, Female ≥ 23/L)
Potassium
Normal (3.0–5.5 mmol/L)
Abnormal (<3.0, ≥5.5 mmol/L)
Sodium
Normal (130–150 mmol/L)
Abnormal (<130, ≥150 mmol/L)
Creatinine
Normal 1
Abnormal 2
1

Postoperative Infection

Total (%)

Variables

Positive (n = 135)

Negative (n = 1502)

1598 (97.6)
39 (2.4)

125 (7.8)
10 (25.6)

1473 (92.2)
29 (74.4)

1440 (88.0)
197 (12.0)

110 (7.6)
25 (12.7)

1330 (92.4)
172 (87.3)

1521 (92.9)
116 (7.1)

117 (7.7)
18 (15.5) 1

1404 (92.3)
98 (84.5)

972 (59.4)
665 (40.6)

71 (7.3)
64 (9.6)

901 (92.7)
601 (90.4)

1048 (64.0)
589 (36.0)

76 (7.3)
59 (10.0)

972 (92.7)
530 (90.0)

1451 (88.6)
186 (11.4)

110 (7.6)
25 (13.4)

1341 (92.4)
161 (86.6)

1509 (92.2)
128 (7.8)

123 (8.2)
12 (9.4)

1386 (91.8)
116 (90.6)

1181 (72.1)
456 (27.9)

94 (8.0)
41 (9.0)

1087 (92.0)
415 (91.0)

1415 (86.4)
222 (13.6)

112 (7.9)
23 (10.4)

1303 (92.1)
199 (89.6)

1395 (85.2)
242 (14.8)

109 (7.8)
26 (10.7)

1286 (92.2)
216 (89.3)

1429 (87.3)
208 (12.7)

114 (8.0)
21 (10.1)

1315 (92.0)
187 (89.9)

1371 (83.8)
266 (16.2)

102 (7.4)
33 (12.4)

1269 (92.6)
233 (87.6)

1445 (88.3)
192 (11.7)

114 (7.9)
21 (10.9)

1331 (92.1)
171 (89.1)

Chi-Square
Test p-Value
0.001

0.019

0.005

0.100

0.061

0.008

0.738

0.548

0.237

0.129

0.344

0.008

0.162

Male < 1.07, Female < 0.79 mg/dL 2 Male ≥ 1.07, Female ≥ 0.79 mg/dL.

Table 3. Surgery-related variables and risk of postoperative infection in patients.
Variables
Operation time (hour)
<3
3–6
6–9
≥9
Type of surgery
Endoscopic
Non-endoscopic
Site of surgery
Thoracic
Absence
Presence

Total (%)

Postoperative Infection
Positive (n = 135)

Negative (n = 1502)

674 (41.2)
614 (37.5)
249 (15.2)
100 (6.10)

37 (5.5)
52 (8.5)
29 (11.6)
17 (17.0)

637 (94.5)
562 (91.5)
220 (88.4)
83 (83.0)

448 (27.4)
1189 (72.6)

14 (3.1)
121 (10.2)

434 (96.9)
1068 (89.8)

1572 (96.0)
65 (4.0)

117 (7.4)
18 (27.7)

1455 (92.6)
47 (72.3)

Chi-Square Test
p-Value
<0.001

<0.001

<0.001
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Table 3. Cont.
Variables
Body surface
Absence
Presence
Peritonitis, abdominal wall
Absence
Presence
Liver, pancreas, biliary tract,
spleen
Absence
Presence
Lower gastrointestinal tract
Absence
Presence
Others (urinary tract,
generative organ)
Absence
Presence

Total (%)

Postoperative Infection
Positive (n = 135)

Negative (n = 1502)

1550 (94.7)
87 (5.3)

130 (8.4)
5 (5.7)

1420 (91.6)
82 (94.3)

1222 (74.6)
415 (25.4)

115 (9.4)
20 (4.8)

1107 (90.6)
395 (95.2)

Chi-Square Test
p-Value
0.434

0.004

0.616
1183 (72.3)
454 (27.7)

95 (8.0)
40 (8.8)

1088 (92.0)
414 (91.2)

954 (58.3)
683 (41.7)

71 (7.4)
64 (9.4)

883 (92.6)
619 (90.6)

1581 (96.6)
56 (3.4)

131 (8.3)
4 (7.1)

1450 (91.7)
52 (92.9)

0.172

0.816

Table 4. Medication use during surgery and risk of postoperative infection in patients.
Variables
Cardiovascular agents
Absence
Presence
Immunosuppressive agents
Absence
1–3 drugs
≥4 drugs
Lifestyle disease agents
Absence
Presence
Hematopoietic stem cell
mobilizer
Absence
1–3 drugs
≥4 drugs
Antibiotics
Absence
1–3 drugs
≥4 drugs
Medical nutritional products
Absence
1–3 drugs
≥4 drugs
Gastrointestinal agents
Absence
1–3 drugs
≥4 drugs
Analgesics
Absence
1–3 drugs
≥4 drugs
Antipsychotics
Absence
Presence
Respiratory agents
Absence
Presence

Total (%)

Postoperative Infection
Positive (n = 135)

Negative (n = 1502)

405 (24.7)
1232 (75.3)

11 (2.7)
124 (10.1)

394 (97.3)
1108 (89.9)

168 (10.3)
922 (56.3)
547 (33.4)

6 (3.6)
45 (4.9)
84 (15.4)

162 (96.4)
877 (95.1)
463 (84.6)

1627 (99.2)
10 (0.6)

131 (8.1)
4 (40.0)

1416 (91.9)
6 (60.0)

Chi-Square Test
p-Value
<0.001
<0.001

0.006

0.109
1104 (67.4)
348 (21.3)
185 (11.3)

85 (7.7)
38 (10.9)
12 (6.5)

1019 (92.3)
310 (89.1)
173 (93.5)

138 (8.4)
1297 (79.2)
202 (12.3)

15 (10.9)
105 (8.1)
15 (7.4)

123 (89.1)
1192 (91.9)
187 (92.6)

945 (57.7)
435 (26.6)
257 (15.7)

83 (8.8)
33 (7.6)
19 (7.4)

862 (91.2)
402 (92.4)
238 (92.6)

520 (31.8)
583 (35.6)
534 (32.6)

42 (8.1)
45 (7.7)
48 (9.0)

478 (91.9)
538 (92.3)
486 (91.0)

338 (20.6)
701 (42.8)
598 (36.5)

33 (9.8)
54 (7.7)
48 (8.0)

305 (90.2)
647 (92.3)
550 (92.0)

1495 (91.3)
142 (8.7)

123 (8.2)
12 (8.5)

1372 (91.8)
130 (91.5)

290 (17.7)
1347 (82.3)

23 (7.9)
112 (8.3)

267 (92.1)
1235 (91.7)

0.481

0.662

0.736

0.516

1.00

0.907
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A history of smoking was considered existent in patients who were smoking upon admission
or who used to smoke. Data on age, body weight, and height were collected at the time of
hospitalization. Body mass index was categorized according to the National Institutes of Health
criteria [12]. Preoperative clinical examination data were gathered only 7 days prior to the patient’s
surgery. Continuous clinical assessment data were categorized into two groups, normal and abnormal,
which were defined based on the Common Terminology Criteria for Adverse Events and the Japanese
Committee for Clinical Laboratory Standards classification [13,14]. The missing values were assumed
to be normal. Endoscopic surgery included laparoscopic and thoracoscopic surgeries. Operation time
was divided into the following four groups based on the timing of antibiotic administration: <3, 3–6,
6–9, and ≥9 h [15]. Data on the medications administered to patients during surgery were collected
and divided into 10 categories based on the drug classes established by the Ministry of Health, Labor
and Welfare [16].
2.3. Statistical Analyses
Descriptive statistics were expressed as frequency and proportion for categorical variables and
median and minimum and maximum values for continuous variables, as appropriate. The chi-square
and Fisher’s exact tests were performed to determine the proportions of POIs among the categories in
a variable.
The missing height values, necessary for calculating body mass index, were estimated following
the multiple imputation method using the variables of age, body weight, and height collected at
hospital admission, along with history of smoking and alcohol consumption [17].
Some patients were readmitted to the hospital multiple times; therefore, the GEE model was used
to identify the risk factors affecting the occurrence of POIs, after adjusting for the effect of confounding
factors among variables and intercorrelation of readmissions to the hospital. The explanatory
variables in the analysis are shown in Tables 1–4, and they were obtained during the preoperative
and intraoperative periods. The objective variable, comprising the positive and negative POIs, was
assumed to follow a binomial distribution. The link function regarding the association between
objective and explanatory variables was assumed to be a logit function. The final odds ratios (ORs) and
95% confidence intervals (CIs) are shown in Table 5. The Wald test was performed to test the following
null hypothesis: “An explanatory variable does not affect the occurrence of POIs, after adjusting for
the effects of the other variables.” The goodness of fit of the GEE model was evaluated using the
quasi-likelihood information criterion (QIC) [18].
Table 5.
Results of the generalized estimating equation analyzing the risk factor of
postoperative infection.
Variables
Age at hospitalization
60 years
61–70 years
71–80 years
≥81 years
History of smoking
No
Yes
Drainage
Absence
Presence

Odds Ratio

95% CI

p-Value

Ref
1.52
2.10
2.69

0.89–2.61
1.22–3.56
1.40–5.10

0.133
0.007
0.003

Ref
2.09

1.41–3.10

<0.001

Ref
2.41

1.38–4.22

0.002
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Table 5. Cont.
Variables
Temperature
Normal (<38.0 ◦ C)
Abnormal (≥38.0 ◦ C)
White blood cell
Normal (<10,000/µL)
Abnormal (≥10,000/µL)
Hemoglobin
Normal (≥10.0 g/dL)
Abnormal (<10.0 g/dL)
Type of surgery
Endoscopic
Non-endoscopic
Surgical site
Thoracic
Absence
Presence
Lower gastrointestinal tract
Absence
Presence
Medical nutritional products
Absence
1–3 drugs
≥4 drugs

Odds Ratio

95% CI

p-Value

Ref
2.83

1.27–6.23

0.011

Ref
2.01

1.23–3.29

0.005

Ref
0.71

0.48–1.06

0.092

Ref
2.75

1.53–4.85

0.001

Ref
5.37

2.77–10.38

<0.001

Ref
1.63

1.12–2.41

0.011

Ref
2.18
4.06

1.40–3.39
2.55–6.42

0.001
<0.001

To evaluate the accuracy of the constructed model, the sensitivity and specificity values were
obtained. Furthermore, the external validation of the constructed GEE model was evaluated by
measuring the sensitivity and specificity that were estimated using the data of new patients undergoing
GI surgery in the same medical hospital between June 2017 and May 2019.
All p-values were two-sided, and p-values < 0.05 were considered significant. Statistical analysis
was performed using the International Business Machines Statistical Package for the Social Sciences
(IBM SPSS) version 21 (IBM® SPSS® Statistics Inc., 2012, or IBM, Chicago, IL, USA) and Stata 8 software
for GEE analysis (Stata Corp, College Station, TX, USA).
3. Results
3.1. Patient Characteristics and Incidence of Postoperative Infections
A consort diagram presenting the process of patient selection is shown in Figure 1. Finally, data
on 1883 operations, comprising 152 POI-positive and 1731 POI-negative operations, were used in the
analyses. The total proportion of POI-positive patients was 8.2%.
The descriptive statistics of patients who underwent GI surgery at the initial operation are shown
in Tables 1–4. As shown in Table 1, the proportion of men was 58.9%, and the median and range of age
at hospitalization were 67 years and 15–98 years, respectively. In this study, the proportion of men
was slightly higher than that of women, and the incidence of POIs was significantly higher in men
than in women. The incidence of POIs in terms of age at hospitalization increased with increasing
age. The proportion of POI-positive smokers was higher than that of non-smokers. Patients who
underwent surgical drainage had a significantly higher incidence of POI (9.9%) than that of those
who did not undergo drainage. As shown in Table 2, the proportion of POI-positive patients with
body temperature >38 ◦ C was higher than that of those with body temperature <38 ◦ C. In addition,
the incidence of POIs in terms of operation time increased as the operation time increased. The most
frequent procedures performed at initial surgery were lower GI tract surgery (41.7%) and surgeries
of the liver, pancreas, biliary tract, and spleen (27.7%) (Table 3). Table 4 shows that the proportion
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of POIs in terms of immunosuppressive agents used during surgery increased as the frequency of
use increased.
The results of the univariate analysis of the POI outcomes are shown in Tables 1–4. Age, drainage,
body temperature, white blood cell count, sodium level, type of surgery (thoracic surgery and lower GI
tract surgery), cardiovascular agents, and immunosuppressive agents were the variables significantly
associated with the occurrence of POI positivity.
3.2. Generalized Estimating Equation Analysis in Patients Who Had Several Readmissions
GEE analysis was performed on 1637 patients (including 198 patients who underwent several
operations); therefore, the observational data of 1883 operations were used in the statistical analyses.
The influencing factors predicting POIs are shown in Tables 1–4.
First, we fitted the different models with different subsets of covariates [19]. Second, we selected
the model with the smallest QIC value. The risk factors were old age, history of smoking, body
temperature >38 ◦ C, non-endoscopic surgeries, surgery in the thoracic or lower GI tract, and use of
medical nutritional products during surgery. Third, the variables were analyzed using the GEE model.
In the adjusted model, thoracic surgery was associated with increased odds of POIs (OR, 5.37; 95% CI,
2.77–10.38), and the use of more than four medical nutritional products during surgery increased
the odds of developing POIs (OR, 4.06; 95% CI, 2.55–6.42) (Table 5). In addition, the sensitivity and
specificity were 88.2% and 55.1% (cutoff p > 0.05), respectively. Furthermore, when the GEE model was
externally validated, the sensitivity and specificity were 78.7% and 48.7%, respectively.
4. Discussion
POIs often result in prolonged hospital stays, increased reoperation and readmission rates,
and increased medical costs and mortality rates. The major infection associated with POI is SSI. In
this study, estimating the incidence of SSI and remote infection was considered important, and the
estimated values were used in the analysis.
Niitsuma et al. reported a 30 day POI incidence in 10.7% of patients who underwent GI surgery [1].
In this study, we found that the 5 day POI incidence was 8.2%, which was similar to that reported by
Niitsuma et al. The risk factors for POI, including body temperature >38 ◦ C and abnormal white blood
cell count, were considered as indications of infection [1]. In addition, older age and history of smoking
were the risk factors for SSI according to the American College of Surgeons and Surgical Infection
Society, which is consistent with our results [20]. The proportion of smokers (51.1%) was considerably
higher than the Japanese average smoking rates (30% in men and 8% in women) because history of
smoking was included in our study. Non-endoscopic surgeries were considered as a risk factor in our
study; a previous study reported that the incidence of POIs was lower in patients who underwent
endoscopic surgery than in those who underwent open surgery [1,20]. Open procedures are recognized
as risk factors for POIs, possibly due to microbial dysbiosis. Thoracic or lower GI tract surgery was
also a risk factor in our study. We observed that esophageal surgery was most frequently performed
in thoracic surgeries. Previous studies have reported that the incidence of SSIs in the esophagus is
20%. In addition, colorectal surgery was the most frequently performed surgery in the lower GI tract.
In colorectal surgery, open surgery increases the risk of SSI compared to that in endoscopic surgery,
which is consistent with the results of our study [1].
A notable risk factor for POIs in this study was the use of medical nutritional products during
surgery. To the best of our knowledge, this is the first observational study to report these risk factors,
including data on the medications used during surgery. The proportions of medical nutritional products
during surgery were confirmed to be associated with several categories in a variable. The proportion of
the use of medical nutritional products was higher in individuals with a body mass index <18.5 kg/m2
(29.0%) than in individuals with a body mass index of 18.5–25 kg/m2 . Moreover, the proportion of the
use of medical nutritional products during hematopoietic stem cell mobilization and that of GI agents,
which comprised more than four drugs, was higher. In unadjusted univariate analyses, increased use
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of medical nutritional products during surgery was associated with the use of other drugs during
surgery, GI agents, and hematopoietic stem cell mobilizing analgesic agents. However, no significant
difference was observed in the patients’ demographic and clinical characteristics, clinical laboratory
test results, and surgery-related variables.
Although some risk factors for infection have been reported in other patients who underwent
surgery [21–23], the model constructed in this study could be applied without considering the number
of hospitalizations and is applicable to several patients. When our model was applied to external data,
similar sensitivity and specificity values were obtained.
Another study reported that the preventive SSI bundle was associated with a substantial reduction
in the incidence of SSIs after colorectal surgery [22]. Clinical practice guidelines recommend that a
bundle of measures be implemented to reduce the incidence of SSIs [21,24]. Bundled care is important
in preoperative decolonization protocols for S. aureus and in the field of colorectal surgery, where
bundles have been successfully applied in the intraoperative setting during closure to decrease the
incidence of SSIs.
This study explored the risk factors that affect the incidence of POIs by conducting a multivariate
regression analysis using electronic health records. Our study only used the electronic health records
to automatically extract the data on the influential POI factors and predict POIs in the future. If it is
possible to select patients with a high infection risk after surgery, infection prevention measures and
care according to the degree of infection risk can be implemented at an early stage.
Our study has some limitations. “POI positivity” was defined as the presence of major pathogenic
bacteria in the catheter-related bloodstream, surgical sites, urinary tract, and respiratory tract, as well
as the detection of C. difficile and methicillin-resistant S. aureus in the bacterial culture test. However,
patients with a compromised immune system may develop POIs caused by other bacterial strains that
were not detected when the patient was evaluated for POI.
5. Conclusions
When patients with a high infection risk after surgery are identified immediately, infection
prevention measures and care, according to the degree of infection risk, can be implemented at an
early stage. Medical staff will be able to contribute to dedicated care for patients with factors identified
in our study as those increasing the risk of developing POI. The widespread use of medical devices
that perform such functions will also be beneficial. In future, we anticipate the development of a
POI-prediction system or application based on a multivariate regression model and its incorporation
into medical record systems.
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