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Background: Surgical resection is still the primary way to treat gastric cancer.

Therefore, postoperative complications such as IAI (intra-abdominal infection)

are major problems that front-line clinical workers should pay special attention

to. This article was to build and validate IAI’s RF (regression function) model.

Furthermore, it analyzed the prognosis in patients with IAI after surgery for

stomach cancer. The above two points are our advantages, which were not

involved in previous studies.

Methods: The data of this study was divided into two parts, the training data set

and the validation data set. The training data for this article were from the

patients treated surgically with gastric cancer in our center from December

2015 to February 2017. We examined IAI’s morbidity, etiological characteristics,

and prognosis in the training data set. Univariate and multivariate logistic

regression analyses were used to screen risk factors, establish an RF model

and create a nomogram. Data from January to March 2021 were used to

validate the accuracy of the RF model.

Results: The incidence of IAI was 7.2%. The independent risk factors for IAI

were hypertension (Odds Ratio [OR] = 3.408, P = 0.001), history of abdominal

surgery (OR = 2.609, P = 0.041), combined organ excision (OR = 4.123, P =

0.010), and operation time ≥240 min (OR = 3.091, P = 0.005). In the training

data set and validation data set, the area under the ROC curve of IAI predicted

by the RF model was 0.745 ± 0.048 (P<0.001) and 0.736 ± 0.069 (P=0.003),

respectively. In addition, IAI significantly extended the length of hospital stay

but had little impact on survival.
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Conclusions: Patients with hypertension, combined organ excision, a history of

abdominal surgery, and a surgical duration of 240min or more are prone to IAI,

and the RF model may help to identify them.
KEYWORDS

gastric cancer, surgery, postoperative complications, intra-abdominal infection,
receiver operating characteristic curve, nomogram
Introduction

Gastric cancer is one of the most prevalent malignancies

worldwide. According to the 2020 global cancer data (1),

gastric cancer ranks fifth and fourth in morbidity and

mortality, respectively. With diagnostic techniques such as

endoscopy, the detection ratio of non-advanced gastric

cancer is increasing, especially in Japan and South Korea.

However, in China, there is no nationwide screening for

gastric cancer (2). Only a small percentage of patients with

early stomach cancer could receive treatment with ESD

(Endoscopic Submucosal Dissection) or EMR (Endoscopic

mucosal resection) (3). The remaining patients with

advanced stage were treated with subtotal gastrectomy/total

gastrectomy and lymph node dissection. Despite significant

advances in surgical and postoperative care techniques for

gastric cancer, severe postoperative complications can still

occur at a high rate and affect the prognosis of patients (4–

6). Therefore, determining how to reduce the occurrence of IAI

is critical. The analysis of risk factors and the establishment of

prediction models have been widely used in clinical disease

research. Eun Hye Kim et al. developed a valid predictive

model that can be used to determine the patients who will

receive non-curative ESD resection (7). Screening the risk

factors of IAI after gastric cancer surgery and establishing a

prediction model can help clinicians take targeted measures to

prevent the occurrence of IAI. Many scholars have studied

surgical site infections, including their incidence, risk factors,

prognosis, etc. However, most were superficial incision

infections. Research on deep infections is not comprehensive

enough, such as modeling and validation. Our innovation lies

in the inclusion of more risk factors that were not included in

previous studies, such as PNI (Prognostic nutritional index),

neoadjuvant chemotherapy, lesion location, surgical method,

and pathological type, to establish an RF (regression function)

model and verify its predictive value by internal validation. In

addition to the risk factor analysis of IAI occurrence and the

establishment of the RF model, this paper also verified the RF

model, which was never seen in previous studies. Through

multivariate logistic regression analysis, we can obtain this RF
02
model, which can help us predict the probability of IAI for each

patient. Finally, we also studied the impact of IAI on prognosis.

This article added risk factors such as preoperative adjuvant

chemotherapy. Since most previous authors have studied its

relationship with overall postoperative complications (8, 9),

this article aims to explore its relationship with a single

complication, intraperitoneal infection, so this factor

is included.
Materials and methods

Patients

The paper collected the data from 520 gastric cancer patients

who were admitted to the gastrointestinal surgery department of

our hospital for surgery from December 2015 to February 2017.

The inclusion criteria of this study were patients who were

surgically treated with gastric cancer in our department, aged >

18 years old, and without organ dysfunction. The exclusion

criteria had emergency surgery, postoperative pathologic

indication of non-primary gastric cancer, extensive peritoneal

metastasis without surgical treatment, and preoperative intra-

abdominal infection. According to the pathological report, 27

out of 520 cases were classified as pathological inconsistencies,

including 5 having a neuroendocrine tumor, 2 suffering from

lymphoma, 8 with chronic inflammatory changes such as

chronic ulcers, 11 having intra-epithelial neoplasia, 1 with

remnant gastric cancer, and 21 cases excluded due to surgical

inconsistencies. As is displayed in Figure 1, 472, patients who

met the criteria were finally included in this study. Among the

472 patients, 413 underwent radical gastrectomy with D2 lymph

node dissection, and 59 underwent palliative resection. In

addition, 101 patients underwent laparoscopic-assisted radical

gastrectomy. Based on the same inclusion and exclusion criteria,

135 patients were selected from January to March 2021 to

validate the prediction model. Each tumor was pathologically

diagnosed and staged according to the 8th edition of the AJCC

(American Joint Committee on Cancer) TNM classification

system of Gastric Cancer (10).
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Surgical procedures and
perioperative management

The patients included in this article were treated by our

experienced gastrointestinal surgery team. The scope of lymph

node dissection and the mode of gastrointestinal reconstruction

was determined according to the fourth edition of the Japanese

gastric cancer treatment guidelines (11). According to the

guidelines, patients in cT1a or cT1b without lymph nodes or

distant metastases should undergo D1 or D1+ lymph node

dissection. Standard D2 or D2+ lymphadenectomy is feasible

for patients with the following requirements: T2-4 or N+. When

a patient was preoperatively diagnosed as M1, it was decided

whether to perform combined organ resection and enlarged

lymph node radical resection to achieve the R0 resection

standard. If radical surgery was impossible, palliative resection

or gastrointestinal short-circuit surgery was performed to relieve

the suffering of patients and improve their future quality of life.

Preoperative patients were given routine fasting for 8h and

intestinal cleaning. A postoperative drainage tube was

routinely placed in the sub-hepatic and splenic fossa.

Perioperative treatment with cephalosporins was routinely

used to prevent infection until 3–5 days after surgery. If no

drainage fluid is found or the drainage fluid is relatively clear for

2–3 days, and the patient has no discomfort such as abdominal

pain/fever, the drainage tube may be removed. The antibiotic

was changed based on bacterial susceptibility testing or clinical

experience if a patient was diagnosed with IAI. The treatment of

IAI included routine surgical monitoring and nursing, simple

rubber tube drainage, double cannula flushing and drainage,

analgesic, antipyretic, anti-infection treatment, maintenance of
Frontiers in Oncology 03
water & electrolyte balance, nutritional support, and

surgery (12).
Clinical and surgical outcomes

The following variables were obtained from the patient’s

medical records at our hospital: Sex, age, BMI (Body Mass

Index), chronic diseases (diabetes, hypertension), ASA

(American Society of Anesthesiologists) score, preoperative

chemotherapy history, earlier abdominal surgery, the existence

of anemia/hypo-albuminemia, presence of hyperlipemia, site of

primary carcinoma (clinical stage), time of operation, operation

method, combined organ excision, PNI (Prognostic nutritional

index), and BTF (perioperative blood transfusion history). The

following formula counted PNI: 10 × serum albumin value (g/

dL) + 0.005 × total lymphocyte count in the peripheral blood

(per mm3) (13). BTF is a transfusion of red blood cells during

hospitalization (14). The percentage of deaths occurring within

30 days of surgery is known as postoperative mortality. This

study considered complications in IAI patients diagnosed with

Clavien-Dindo grade II.
Definition of IAI

From postoperative hospitalization to the post-discharge

outpatient follow-up period, physicians closely monitored the

occurrence and progression of IAI in patients. According to the

findings during the second operation, clinical symptoms,

temperature ≥ 38°C (15), abdominal signs such as tenderness
FIGURE 1

A total of 520 patients were initially screened and 472 patients were identified of the training data.
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and rebound pain, laboratory tests such as leukocyte, CRP (C-

reactive protein), and PCT (Procalcitonin) (15), culture results

of drainage fluid, and abdominal CT (computerized

tomography) were performed to check whether the patient

had an intra-abdominal infection (16). IAI can be divided into

two categories according to whether it is caused by intestinal

leakage. The first category includes anastomotic and duodenal

stump leakage, and the second category is abdominal effusion

accompanied by infection without intestinal leakage. The

anastomotic fistula was confirmed by endoscopy, laboratory

examination, radiological examination (17), or secondary

surgical exploration (18).
Statistical analysis

Statistical analyses were performed using the IBM SPSS

Statistics 25, R statistical software, and the Graphpad Prism 8 for

WindowsOS.The results of continuous variableswerepresented as

themean and standarddeviation, and the categorical variableswere

presented as frequencies. The differences between groups for

continuous variables were compared using an independent

sample T-test, while the differences between groups for

categorical variables were compared by the Chi-square test or

Fisher’s exact test. The ROC (receiver operating characteristic)

curve of each variable was drawn by SPSS data processing software,

and the Jorden index was calculated to determine the critical value

of each variable. The training data set used univariate and

multivariate logistic regression analyses to screen risk factors and

establish an RFmodel. In the univariate analysis, variables with P-

value<0.1 were included in the multivariate logistic regression

analysis (Forward: LR). P<0.05 were considered statistically

significant in multivariate logistic regression analysis, and a

nomogram was created using the R statistical software (R

Foundation for Statistical Computing, Vienna, Austria). The

score obtained can be converted into the probability of IAI

occurrence prediction by substituting the data from the

validation set into the equation obtained by binary logistic

regression analysis. The ROC curve was applied to calculate the

accuracy of the nomogram to predict the diagnosis of IAI. The

model’s validity was measured using the AUROC (area under the

receiver operating characteristic curve). A model with an AUROC

above 0.7 was considered useful in diagnostic accuracy (19). The

GraphPad Prism (Version 8) was used to describe the survival

curves of the two groups.
Results

Incidence and clinical outcomes

The baseline characteristics of the training data set and

validation data set were displayed in Tables 1 and 2. In 472
Frontiers in Oncology 04
patients of the training data set who underwent surgical

treatment (1. Radical gastrectomy with D2 lymph node

dissection, 2. Palliative gastric cancer surgery) with primary

gastric cancer, 34 (7.2%) patients suffered from intra-abdominal

infection, including 15(44.1%) cases of anastomotic leakage or

duodenal stump leakage, 19 (55.8%) cases of peritoneal effusion

with infection. As demonstrated in Tables 1 and 2, the length of

hospital stay in IAI patients was significantly longer in terms of

short-term prognosis. Studies have revealed that intra-abdominal

abscess is one of the common causes of readmission (20), severely

affecting patients’ prognosis and quality of life. According to the

Extended Clavien-Dindo classification of intra-abdominal

infection (21), 1 case (2.9%) reached II, 30 cases (88.2%) reached

IIIa, 3 cases (8.9%) reached IIIb stage. Fortunately, none of the

patients had multiple organ failures or died from an intra-

abdominal infection. Under the careful management of doctors

and nurses in the treatment group, all the patients were improved

and discharged after sufficient drainage, antibiotics, and other

symptomatic support treatment (22).

The enrolled patients were contacted by phone to obtain and

analyze their prognosis, with the most recent follow-up in May

2019. However, 25% of the patients were lost to follow-up and

were excluded from the analysis. Finally, survival analysis was

descr ibed in 353 pat ients with radica l D1 or D2

lymphadenectomy. None of these patients died within 30 days

after surgery. As is displayed in Figure 2, a significant difference

did not appear in OS (overall survival) in the two groups

(P=0.64). A study by Ru-Hong Tu et al. also demonstrated

that intra-abdominal infection after therapeutic gastrectomy did

not lead to reduced long-term survival in patients (23).

Furthermore, neither overall nor major surgical complications

were risk factors for decreased survival in patients who did not

die from early postoperative complications within 30 days of

surgery (24). That was also consistent with our research results.
Pathogens

The abdominal drainage fluid of 34 patients diagnosed with

IAI was cultured, and 19 (55.8%) were positive. The collection of

abdominal drainage fluid follows the Sterile principle. Among

the 19 patients with positive culture results, 4 had mixed growth

of more than three strains (the possibility of specimen

contamination could not be ruled out), 5 had mixed growth of

two strains, and 10 had single strains. There were 6 gram-

negative strains (46.2%), 6 gram-positive strains (46.2%), and 1

Candida spp. (7.6%). The most common microorganism was

Streptococcus anginosus, Enterococcus faecalis, and Klebsiella

pneumoniae. Streptococcus anginosus is one of the common

colonized bacteria of the oropharynx, which can migrate to

the digestive tract and become a pathogenic bacteria of

postoperative intra-abdominal infection (25, 26). Previously,

Xiao et al. (27) reported the presence of gram-negative bacilli
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in 73/1835, i.e., 4% of patients undergoing gastrectomy for

gastric cancer. Klebsiella pneumonia was commonly linked to

body mass index >25 kg/m2.

Due to the significant difference in pH (Pondus Hydrogenii)

between the oral cavity and the stomach, it is generally believed that

the bacteria do not remain active during the migration process in

the digestive tract. Therefore, there are two possibilities: first is that

for gastric cancer patients, ameasure of perioperativemanagement

is using proton pump inhibitors, which can reduce the pH of the

gastric mucosa. The second is that themost common site of gastric

cancer is the antrum, so the site secretingmore gastric acidwas just

removed during the operation.
Frontiers in Oncology 05
Risk factors

According to the univariate analysis of this data (Table 3), the

IAI would occur easier in patients with a BMI ≥ 25 kg/m2, ASA

score ≥ 3, history of abdominal surgery, hypertension, combined

organ excision, and operative time ≥ 240min. The tumor stage (III

+ IV) was a potential risk factor. Diabetes, radical surgery, or

laparoscopic-assisted surgery execution, in addition to the

pathological type and tumor stage, were not considered risk

factors for the occurrence of IAI. The multivariate analysis

demonstrated that hypertension (Odds Ratio [OR] = 3.408, 95%

confidence interval [CI]: 1.632–7.117, P = 0.001), operation time ≥
TABLE 1 Clinicopathological characteristics of the patients in training data (n = 472).

Variable IAI (n = 34) Non-IAI (n = 438) c2 or t-value P-value

Sex (Male: Female) 25:9 325:113 0.007 0.931

Age (years) # 66.26 ± 9.665 64.32 ± 11.109 0.991 0.322

BMI (kg/m2)# 23.19 ± 3.07 22.29 ± 3.05 1.648 0.100

Preoperative white blood cell count (×10^9/L) # 6.50 ± 1.95 6.14 ± 2.23 -0.891 0.373

Preoperative lymphocyte count (×10^9/L) # 1.55 ± 0.56 1.61 ± 0.59 -0.60 0.551

Preoperative hemoglobin (g/L) # 111.38 ± 21.68 117.39 ± 25.15 -1.354 0.177

Preoperative albumin (g/L) # 36.20 ± 4.84 38.00 ± 4.80 -2.104 0.036

PNI 43.95 ± 6.20 46.12 ± 6.29 -1.933 0.054

ASA (1 + 2/3+4) 30:4 425:13 4.726 0.03

Diabetes mellitus (yes/no) 3:31 47:391 0.003 0.953

Hypertension (yes/no) 19:15 119:319 12.573 < 0.001

History of abdominal surgery
(yes/no)

8:26 45:393 4.311 0.038

Neoadjuvant chemotherapy (yes/no) 2:32 17:421 0.014 0.905

Lesion location (limited/diffuse) 33:1 435:3 0.000 1.000

Upper 5 64

Middle 7 62

lower 21 309

other 1 3

Time of operation (min) 205.91 ± 58.12 188.99 ± 46.81 1.993 0.047

Operation type

Radical surgery:
non-radical surgery

28:6 385:53 0.453 0.501

Operation method

Open : Laparoscopic-assisted 25:9 347:91 0.613 0.434

Combined organ excision (yes/no) 6:28 20:418 8.011 0.005

BTF (yes/no) 9:25 73:365 2.113 0.146

Pathological type

Signet-ring cell carcinoma:
Non-signet ring cell carcinoma

3:31 89:349 2.657 0.103

Tumor stage (I+II/III+IV) 11:23 215:223 3.540 0.060

I 5 119

II 6 96

III 15 149

IV 8 74

Post-operative hospital stays (days) # 27.06 ± 14.043 14.30 ± 6.392 5.257 < 0.001
front
ASA, American Society of Anesthesiologist; BMI, Body Mass Index; #mean ± SD, IAI, intra-abdominal infection.
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240min (OR=3.091, 95%CI:1.408–6.783,P=0.005), thehistoryof

abdominal surgery (OR = 2.609, 95% CI: 1.042–6.530, P = 0.041),

and combined organ resection (OR = 4.123, 95%CI: 1.403–12.121,

P = 0.01) were independent risk factors for IAI (Table 4).
Regression function model
and validation

According to the analysis results in Table 4, the RF model

for IAI could be obtained as follows: estimated   probability =
Frontiers in Oncology 06
1
1+EXP(−x), X = −3:63 + (1:226*hypertension) + (0:959*history   o

f   abdominal   surgery) + (1:128*operation   time ≥

240mins) + (1:417*combined organ excision). The ROC curve

for the RF model based on the training data set for the

p r ed i c t i on o f IA I i s d emons t r a t ed in F i gu r e 3

(AUROC=0.745 ± 0.048, P<0.001, 95% CI: 0.650–0.840).

Intuitively, the RF model was presented as a nomogram that

could visualize the RF model (Figure 4). The ROC curve of the

nomogram based on the validation data set for the prediction

of IAI is displayed in Figure 5 (AUROC=0.736 ± 0.069,

P=0.003, 95% CI: 0.602–0.871).
TABLE 2 Clinicopathological characteristics of the patients in internal validation data (n = 135).

Variable IAI (n = 15) Non-IAI (n = 120) c2 or t-value P-value

Sex (Male: Female) 11:4 76:44 0.582 0.446

Age (years) # 69.40 ± 8.175 64.76 ± 10.971 -1.582 0.116

BMI (kg/m2)# 22.42 ± 3.08 23.06 ± 2.83 0.810 0.419

Preoperative white blood cell count (×10^9/L) # 6.46 ± 2.12 5.98 ± 1.85 -0.917 0.361

Preoperative lymphocyte count (×10^9/L) # 1.41 ± 0.55 1.57 ± 0.53 1.089 0.278

Preoperative hemoglobin (g/L) # 117.40 ± 15.33 116.73 ± 21.93 -0.114 0.909

Preoperative albumin (g/L) # 36.11 ± 2.92 36.74 ± 3.98 0.588 0.557

PNI 43.19 ± 4.34 44.60 ± 5.17 1.016 0.311

ASA (1 + 2/3+4) 14:1 103:17 0.162 0.687

Diabetes mellitus (yes/no) 1:14 23:97 0.698 0.403

Hypertension (yes/no) 5:10 26:94 0.472 0.492

History of abdominal surgery
(yes/no)

6:9 14:106 6.385 0.012

Neoadjuvant chemotherapy (yes/no) 2:13 6:113 0.489 0.485

Lesion location (limited/diffuse) 12:3 113:7 2.109 0.146

upper 5 14

middle 3 31

lower 4 68

other 3 7

Time of operation (min) 235.73 ± 47.35 218.36 ± 55.18 -1.166 0.246

Operation type

Radical surgery:
non-radical surgery

12:3 109:11 0.720 0.396

Operation method

Open : Laparoscopic-assisted 8:7 30:90 3.984 0.046

Combined organ excision (yes/no) 2:13 3:117 1.876 0.171

BTF (yes/no) 4:11 16:104 0.970 0.325

Pathological type

Signet-ring cell carcinoma:
Non-signet ring cell carcinoma

1:14 25:95 0.930 0.335

Tumor stage (I+II/III+IV) 6:9 80:40 4.101 0.043

I 3 54

II 3 26

III 6 36

IV 3 4

Post-operative hospital stays (days) # 16.07 ± 7.94 11.79 ± 4.53 -3.124 0.002
front
ASA, American Society of Anesthesiologist; BMI, Body Mass Index; #mean ± SD, IAI, intra-abdominal infection.
iersin.org

https://doi.org/10.3389/fonc.2022.982807
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhang et al. 10.3389/fonc.2022.982807
FIGURE 2

Kaplan-Meier curves of overall survival based on the training data.
TABLE 3 Univariate analysis of possible predictors of risk of IAI based on training data.

Variable IAI (n = 34) Non-IAI (n = 438) Univariate analysis

OR 95%CI P-value

Sex (Male: Female) 25:9 325:113 0.968 0.465-2.016 0.931

Age (years) ≥65/<65 22:12 236:202 1.521 0.771-3.001 0.222

BMI (kg/m2) ≥25/<25 12:22 87:351 2.055 1.054-4.006 0.033

Preoperative white blood cell count (×10^9/L) ≥4/<4 33:1 398:40 3.139 0.441-22.364 0.358

Preoperative lymphocyte count (×10^9/L)<0.8/≥0.8 33:1 21:417 1.806 0.594-5.490 0.532

Preoperative hemoglobin (g/L)<100/≥100 10:24 102:336 1.339 0.661-2.715 0.419

Preoperative albumin (g/L)<35/≥35 10:24 97:341 1.421 0.702-2.878 0.330

PNI<47/≥47 24:10 238:200 1.924 0.941-3.932 0.066

ASA (3 + 4/1+2) 4:30 13:425 3.569 1.416-8.992 0.03

Diabetes mellitus (yes/no) 3:31 47:391 0.817 0.259-2.575 0.953

Hypertension (yes/no) 19:15 119:319 3.066 1.605-5.856 0.000

History of abdominal surgery
(yes/no)

8:26 45:393 2.433 1.162-5.094 0.038

Neoadjuvant chemotherapy (yes/no) 2:32 17:421 1.490 0.385-5.764 0.905

Time of operation (min)
≥240/<240

13:21 64:374 3.176 1.663-6.066 < 0.001

Operation type 28:6 385:53 0.667 0.288-1.542 0.501

Radical surgery:
non-radical surgery

Operation method 25:9 347:91 0.747 0.360-1.548 0.434

Open : Laparoscopic-assisted

Combined organ excision (yes/no) 6:28 20:418 3.676 1.671-8.084 0.005

BTF (yes/no) 9:25 73:365 1.712 0.830-3.531 0.146

Pathological type 3:31 89:349 0.400 0.125-1.279 0.103

Signet-ring cell carcinoma:
Non-signet ring cell carcinoma

Tumor stage (I+II/III+IV) 11:23 215:223 1.921 0.958-3.851 0.060
Frontiers in Oncology
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Discussion

Gastric cancer still has a relatively high incidence, and

surgical resection is the primary treatment method. Therefore,

postoperative complications are important problems that front-

line clinical workers should pay special attention to. Abdominal

infection is one of gastric cancer’s most severe postoperative

complications, resulting in significantly longer hospital stays,

septic shock, multiple organ failures, and even death. In this

single-center retrospective study, the incidence of postoperative

abdominal infection for gastric cancer was 7.2%. A study by

Felipe J.F.Coimbra MD (28) revealed that the overall incidence

of postoperative complications of gastric cancer was 33.5%,

among which the most common surgical complication was

intra-abdominal abscess with an incidence of 7.9%, which was

close to the data obtained in this retrospective study.

Chen Ke et al. have demonstrated that total laparoscopic

gastrectomy has less bleeding, shorter hospitalization, and fewer
Frontiers in Oncology 08
postoperative complications than open gastrectomy (29).

However, Inokuchi, M et al. ‘s meta-analysis demonstrated an

insignificant difference in the intra-abdominal abscesses between

the laparoscopic-assisted distal gastrectomy group and the open

distal gastrectomy group (30). The results of this study also

indicated that laparoscopic-assisted gastrectomy did not reduce

the incidence of intra-abdominal infection.

Studies on high BMI (≥ 25 kg/m2) as a potential risk factor

have drawn different conclusions. The meta-analysis by Zhao

et al. demonstrated that high BMI patients had a higher risk of

wound infection and IAI in both open and laparoscopic-assisted

gastrectomy (31). However, the analysis by Sun et al. revealed

that although high BMI patients had a higher risk of wound

infection than those with low BMI (< 25 kg/m2), there was an

insignificant difference in the incidence of anastomotic fistula

among them (32). Previous studies have concluded that low PNI

(< 47) is an independent risk factor for postoperative

complications in patients with gastric cancer and will affect
TABLE 4 Multivariate analysis of risk factors of IAI based on internal validation data.

Risk factors b coefficients Standard error (SE) Odds Ratio [OR] 95% Confidence Interval [CI] P value

Intercept -3.63 0.327 < 0.001

Hypertension 1.226 0.376 3.408 1.632-7.117 0.001

History of abdominal surgery 0.959 0.468 2.609 1.042-6.53 0.041

Operation time (min): ≥240 1.128 0.401 3.091 1.408-6.783 0.005

Combined organ excision 1.417 0.550 4.123 1.403-12.121 0.010
front
FIGURE 3

Receiver operating characteristic curves of the predictive model on the training data. AUC (95%CI) = 0.745 (0.650-0.840). The areas under
receiver operating characteristic curves were 0.745±0.048 (P < 0.001). The ideal area under the curve was 1.00. The reference line represents
that based on chance alone (area under the curve 0.50).
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long-term prognosis (33). Therefore, it may be more useful than

BMI in predicting postoperative IAI for gastric cancer patients.

Our data analysis suggests that the low PNI (P=0.066) group

may be at greater risk of developing IAI as a postoperative

complication. The differences in the results of these studies may

be due to sampling error. In addition, regional climate and
Frontiers in Oncology 09
dietary habits may make the BMI or PNI of a certain group

generally higher or lower.

According to previous literature reports and clinicians’

experience, diabetes patients are more likely to develop

infectious complications. It may be because of the

physiological mechanisms, including lipid metabolism
FIGURE 4

Nomogram for intra-abdominal infection after surgery for gastric cancer. To estimate the probability of intra-abdominal infection, mark patient
values at each axis, draw a straight line perpendicular to the point axis, and sum the points for all variables. Next, mark the sum on the total
point axis and draw a straight line perpendicular to the probability axis.
FIGURE 5

Receiver operating characteristic curves of the predictive model based on the internal validation data set. AUC (95%CI) = 0.736 (0.602-0.871),
P=0.003.
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disorders, endothelial cell damage and dysfunction, abnormal

platelet function, and blood vessel atherosclerosis, resulting in poor

blood supply at the anastomotic and residual ends, thus increasing

the risk of fistula (34). In addition, high blood pressure and diabetes

often co-exist, causingdamage tobloodvessels together (35). Jönsson

et al. (36) indicated that collagen synthesis depends on tissue

oxygenation, thus demonstrating disturbed anastomotic healing in

insufficient blood supply. This study found insignificant differences

between the two groups, whether or not they had diabetes. Patients

with hypertension, however, were at greater risk of developing IAI. It

may be due to sampling error or bias.

Postoperative adhesions form in 50% to 100% of all

abdominopelvic interventions (37). Due to the presence of

more or less tissue adhesion in the abdominal cavity, patients

with previous abdominal surgery must have separated adhesion

next time. Then, the operation time will be prolonged.

Splenectomy and partial pancreas resection accounted for

most of the combined organ resection. Spleen is the largest

immune organ in the body, and its removal may affect the

immune function of the human body. For example, splenectomy

increases the risk of developing sepsis in response to

Streptococcus pneumoniae, Neisseria meningitides, and

Hemophilus influenza type B infections (38–40). There is also

an increased risk of pancreatic fistula associated with infection in

patients with partial pancreatectomy.

Patients with combined organ resection and a history of

abdominal surgery generally have longer surgery times and

longer gastrointestinal opening times, which increases the risk

of surgical site infection.

The area under the receiver operating characteristic (ROC)

curve for the RF model based on the training data set was 0.745 ±

0.048, and that of the nomogram based on the validation data set

was 0.736 ± 0.069. It revealed that this nomogram had good

predictive power.

IAI is one of the common complications of abdominal surgery,

which can be life-threatening to a certain extent and cannot be

ignored. Therefore, it is urgent to thoroughly study the risk factors

of abdominal infection and its influence on the prognosis to better

guide clinical work. This retrospective analysis demonstrated that

hypertension, combined organ resection, history of abdominal

surgery, and operation time ≥ 240 min were independent risk

factors that could increase the risk of postoperative intra-

abdominal infection. Therefore, we should minimize unnecessary

tissue damage to reduce the wound surface and the operation time.

Stijn Blot et al. summarized the etiological characteristics of 1,982

patients with intra-abdominal infection. They found that most

patients were infected with gram-negative bacteria, among which

Escherichia coli in Enterobacteria was the most common, and

Enterococcus sp. accounted for the most in gram-positive bacteria

(41). Our data demonstrated that the top three pathogens were

Streptococcus anginosus, Klebsiella pneumoniae, and Enterococcus

faecalis. Streptococcus anginosus is a commonly colonized bacteria

in the oral cavity. Klebsiella pneumoniae and Enterococcus faecalis
Frontiers in Oncology 10
are common colonized bacteria in the intestinal tract. From the

standpointofpathogens,wemust conductwell inperioperativeoral

management. Patients with severe periodontitis need to be treated

by a stomatologist before surgery.Moreover, it is necessary tomake

good intestinal preparationbefore operation (42), strictly follow the

principle of sterility during operation, apply a sufficient course of

antibiotics after the operation, and ensure a good drainage effect.
Conclusions

IAI is allied with gastric cancer surgery complications,

including pathogenic growth. Species such as Klebsiella,

Streptococcus, and Enterococcus dominated the variety in this

study. Independent risk factors impacting IAI included

hypertension, combined organ resection, history of abdominal

surgery, and operation time of more than 240 mins. Diabetes did

not increase the chance of infection. Compared to conventional

electrosurgery, the extent of operative time may be reduced with

energy devices, such as ultrasonically activated coagulating shears.

Since this study is a single-center retrospective study, there is a

possibility that the samples taken do not conform to the general

population. Besides, the selective and observational bias in the

retrospective study are also limitations of this type of study.A larger

sample size and patients from diverse areas could help reduce these

limitations. In conclusion, gastric cancer patients with the risk

factors above require more attention. This is the first study to

establish an RF model of IAI and verify it, and the verified result

shows that the RF model has a significant predictive ability for the

occurrence of IAI after gastric cancer surgery.
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