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This study aimed to analyze the complications and long-term survival outcomes in patients who 
underwent radical gastrectomy for gastric cancer, as well as to identify the risk factors associated 
with postoperative complications. After conducting a comprehensive search within the medical 
records system, a total of 2508 patients who underwent radical gastrectomy and met the inclusion 
criteria were enrolled. Of the 2508 patients, 301 were diagnosed with postoperative complications. 
The pathological data, postoperative recovery, and survival outcome were compared between 
complication and control group. Subsequently, univariate and multivariate logistic regression analyses 
were conducted to identified the risk factors. According to the Clavien-Dindo grading criteria for 
postoperative complications, the proportions of grade I, II, III, IV, and V complications following radical 
gastrectomy were observed to be 28.2%, 42.9%, 19.6%, 8.0%, and 1.3%, respectively. The presence of 
postoperative complications significantly prolonged the duration of gastrointestinal decompression 
(P < 0.001), catheter retention (P < 0.001), fasting (P < 0.001), and hospitalization (P < 0.001). 
Additionally, it had a detrimental impact on survival outcomes. Age > 65years [odds ratio (OR) = 1.378, 
P = 0.020], presence of diabetes (OR = 2.042, P < 0.001), operative duration > 215 min (OR = 1.450, 
P = 0.006), intraoperative blood loss > 275 ml (OR = 1.474, P = 0.004), and Roux-en-Y anastomosis 
for both whole stomach (OR = 1.567, P = 0.021) and distal gastric cancer (OR = 2.083, P = 0.003) 
were identified as independent risk factors for postoperative complications. This study analyzed the 
complications and survival outcomes following radical gastrectomy, and investigated the predictors for 
postoperative complications, thereby providing valuable guidance on the prevention and management 
of surgical complications in gastric cancer.

Keywords  Radical gastrectomy, Postoperative complications, Survival outcomes, Risk factors

The prevalence of gastric cancer worldwide makes it a significant menace to human life and well-being. Although 
the therapeutic strategy for gastric cancer has undergone significant transformations in recent decades, surgery 
remains the foremost therapeutic modality for this malignancy1–3. The occurrence of complications following 
radical gastrectomy for gastric cancer remains a significant determinant that profoundly impacts surgical 
outcomes, postoperative rehabilitation, length of hospital stay, and even perioperative mortality. Consequently, 
the identification of potential risk factors for postoperative complications in patients with gastric cancer, 
followed by appropriate early intervention based on the related risk factors and evaluation results, as well as the 
development of rational and effective treatment plans, can significantly enhance the quality of medical care and 
ensure patients’ safety4,5.
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The spectrum of surgical complications encompasses not only local complications arising from the operative 
procedure itself, but also systemic complications stemming from surgical invasion, underlying diseases, and 
physiological conditions4–6. Clinically, local complications following gastric cancer surgery primarily encompass 
anastomotic leakage, stenosis, gastrointestinal dysfunction, hemorrhage, pancreatic leakage, and intraperitoneal 
infection. Meanwhile, systemic complications mainly involve pneumonia, wound infection, fever, liver and kidney 
insufficiency, and thrombosis. Although numerous studies have been published on postoperative complications, 
the majority of them pertain to general abdominal and emergency surgeries, there is a dearth of specific analysis 
focused on patients with gastric cancer7–9. The reported incidence of postoperative complications for gastric 
cancer exhibited significant variability, and the risk factor analysis for complications based on a substantial 
sample of case data is also imperative10–12.

The Clavien-Dindo grading standard was initially developed by Clavien, Dindo et al. in 2004, and subsequently 
an enhanced version of the Clavien-Dindo grading standard for surgical complications was introduced in 2009. 
The aforementioned standard offers a dependable and valid framework for the delineation and categorization 
of postoperative complications. It is also widely recognized as one of the most reputable international criteria 
for assessing postoperative complications, including those related to gastric cancer surgery13,14. In this study, 
we conducted a retrospective analysis of gastric cancer cases from one of the nation’s largest medical centers. 
Subsequently, we utilized the Clavien-Dindo grading system (2009 version) to assess postoperative complications 
and investigated risk factors associated with such complications following radical gastrectomy.

Materials and methods
Study participants
The patients who underwent gastrectomy for gastric cancer at our medical center between January 2011 and 
December 2015 were selected as study population. Patients were additionally assessed for eligibility based on 
predetermined inclusion and exclusion criteria. The inclusion criteria were as follows: (1) patients underwent a 
radical resection of the proximal, distal, or total stomach, whatever open, laparoscopic, or robot-assisted surgery; 
(2) no evidence of tumors invading the adjacent organs or distant metastasis; (3) the required data of outcome 
indicators were fully comprehensive. The exclusion criteria included (1) patients with gastroesophageal junction 
cancer who underwent thoracotomy; (2) gastric stump surgery, recurrent cancer surgery, or combined with 
other organ surgery; (3) special gastric tumors, including lymphoma, liomyoma, neuroendocrine, or stromal 
tumor, etc. The study was reviewed and approved by the Medical Ethics Committee and was performed in 
accordance with the Declaration of Helsinki.

Surgical procedures
Patients with gastric cancer included in this study underwent radical proximal, distal, or total gastrectomy 
(D2 lymph node dissection) based on tumor location, size, and stage. The achievement of R0 resection was 
confirmed by intraoperative gross observation and postoperative pathology, demonstrating the absence of 
any residual tumor. The surgical procedures were performed by a group of highly experienced chief or deputy 
chief physicians, each with over 100 surgeries under their belt, in the general surgery department of our center. 
Additionally, the distribution of surgical approaches was as follows: open accounted for 59.8%, laparoscopic 
accounted for 33.0%, and robotic accounted for 7.2%.

Data collection and outcome evaluation
The case data to be observed and collected in this study encompassed three components: pathological 
data, postoperative recovery and survival outcomes, as well as risk factors associated with postoperative 
complications. The pathological data included tumor location, number of tumors, histological types, TNM stage, 
and presence of ulceration, neuroendocrine differentiation (NED), lymphovascular invasion (LVI), and nerve 
invasion. The variables related to postoperative recovery and survival encompassed the utilization and quantity 
of jejunal nutrition tube and peritoneal drainage, the duration of gastrointestinal decompression, indentation 
catheterization, fasting, and hospitalization, as well as survival outcomes at 1-, 3-, and 5-year. Moreover, the 
risk factors collected and evaluated, which may be associated with postoperative complications, encompassed 
sex, age, body mass index (BMI), presence of hypertension, diabetes, cardia-cerebrovascular disease, anaemia, 
hypoalbuminemia, neoadjuvant chemotherapy, pyloric obstruction, gastrointestinal hemorrhage, or abdominal 
operation history, preoperative American society of Aneshesiologists (ASA) score, operation start time, digestive 
tract reconstruction method, operative approach, operative duration, intraoperative blood loss, postoperative 
intensive care unit (ICU) transition, tumor size, and tumor stage.

The postoperative complications were assessed according to the Clavien-Dindo classification system for 
surgical complications (2009 version)14. For patients with concurrent multiple complications, the grading was 
based on the severity of the most critical complication. The term “postoperative ICU transition” referred to 
the direct transfer of patients to the ICU immediately after surgery, as opposed to transferring them for ICU 
treatment due to postoperative complications. The tumor stages were assessed in this study using the 8th edition 
TNM staging criteria designed jointly by the Union Internationale Against cancer (UICC) and the American joint 
Committee on cancer (AJCC), based on the pathological findings from the patient’s surgical specimens15. The 
tumor size for a single lesion refers to the longest diameter of the tumor, while for multiple lesions, it is calculated 
as the sum of the longest diameters of each individual lesion. The serological examination was conducted for all 
admitted cases. For serum hemoglobin (HGB) examination, male ≤ 120 g/L or female ≤ 110 g/L was defined as 
preoperative anemia. Serum albumin (ALB) < 35 g/L was defined as preoperative hypoalbuminemia.
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Statistical analysis
All the statistical analyses in this study were performed using SPSS software (version 26.0). Q-Q plots were 
utilized to assess normal distribution for continuous variables, and mean with the standard deviation (SD) 
or median with the interquartile range (IQR) was calculated to present the data. Subsequently, intergroup 
comparison was conducted using independent-samples T test or Mann-Whitney U test. Receiver operating 
characteristic (ROC) curves were plotted for operative duration, intraoperative blood loss, and tumor size, and 
the thresholds corresponding to the maximum sum of sensitivity and specificity were determined as the cut-off 
values. The continuous variables were subsequently converted into binary variables for further analysis based on 
the specified cut-off values. Univariate analyses were conducted to examine the correlations between covariates 
and dependent variables, and the covariates with P < 0.1 would be included in a multivariate logistic regression 
model to identify the independent predictors. All tests were considered statistically significant if P values < 0.05.

Results
Patient selection and complication rate
Through the medical records system, a total of 2973 patients who underwent radical gastrectomy between 
January 2011 and December 2015 were retrieved. Of these, 287 patients with gastroesophageal junction cancer 
undergoing thoracotomy, 106 underwent gastric stump surgery, recurrent cancer surgery, or combined with 
other organ surgery, 56 underwent palliative surgery, and 16 without cancerous pathological reports. After 
rigorous screening, 2508 patients with comprehensive outcome indicators were selected as the subjects for 
this study. The detailed process of patient recruitment and screening was illustrated in Fig.  1. Of the 2508 
patients, 301 (12.0%) were diagnosed with postoperative complications. The incidence of complications in 
patients undergoing surgery from 2011 to 2015 was as follows: 13.1% (65/496), 11.1% (52/470), 12.1% (52/430), 
13.6% (69/506), and 10.4% (63/606) respectively. The results of comparative analysis revealed no statistically 
significant variation in the occurrence of complications across different years (χ2 = 3.726, P = 0.444). According 
to the Clavien-Dindo grading criteria for postoperative complications, the proportions of grade I, II, III, IV, 
and V complications following radical gastrectomy were observed to be 28.2%, 42.9%, 19.6%, 8.0%, and 1.3%, 
respectively. The comprehensive details regarding the gastrointestinal complications was provided in Table 1.

Tumor characteristics between complication and control groups
The enrolled patients were categorized into complication group (n = 301) and control group (n = 2207) based on 
the incidence of postoperative complications. Firstly, the pathological data of patients in the complication and 
control group were compared, and the analysis results indicated no statistically significant differences between 
the two groups in terms of tumor location, number, histological types, T and N stage, presence of ulceration, 
NED, LVI, or nerve invasion (P > 0.05) (Table 2).

Postoperative complications and survival outcomes
Subsequently, the postoperative recovery and survival outcomes of the complication and control group were 
compared. The comparative results demonstrated that the presence of postoperative complications not only 
increased the likelihood and quantity of jejunal nutrition tube (P = 0.001) and abdominal drainage usage 
(P < 0.001), prolonged the duration of gastrointestinal decompression (P < 0.001), catheterization (P < 0.001), 
fasting (P < 0.001), and hospital stay (P < 0.001), but also decreased the 1- (P < 0.001), 3- (P = 0.001), and 
5-year (P = 0.002)survival rates of patients (Table 3). During the follow-up period, a total of 121 patients in the 
complication group and 655 patients in the control group succumbed to mortality. The Kaplan-Meier curve 
illustrating the overall survival (OS) revealed a statistically significant difference between the complication and 
control group (P < 0.001). The mean OS for the complication group was 67.3 months, while it was 79.4 months 
for the control group (Fig. 2).

Logistic regression analysis of risk factors for postoperative complications
Univariate and multivariate logistic regression analyses were conducted between 301 patients with postoperative 
complications and 2207 control patients. Based on the area under the curve (AUC) of ROC curves, 275 ml, 
215 min and 5 cm for blood loss, operative duration and tumor size were determined with higher sensitivity 
and specificity and they were converted to binary variables (0 for below and 1 for above the value suggested 
by the ROC curves). The univariate analyses showed that the occurrence of postoperative complications was 
significantly correlated with the age (P = 0.001), presence of diabetes (P < 0.001), pyloric obstruction (P = 0.016), 
digestive tract reconstruction method (P < 0.001), operative duration > 215 min (P < 0.001), intraoperative blood 
loss > 275 ml (P < 0.001), postoperative ICU transition (P = 0.008), and tumor size > 5 cm (P < 0.001) (Table 4).

The variables that exhibited statistically significant differences in the univariate analysis, along with gender 
and cardia-cerebrovascular disease, were subsequently included in the multivariate analysis. Age > 65years 
[odds ratio (OR) = 1.378, P = 0.020], presence of diabetes (OR = 2.042, P < 0.001), operative duration > 215 min 
(OR = 1.450, P = 0.006), intraoperative blood loss > 275 ml (OR = 1.474, P = 0.004), and Roux-en-Y anastomosis 
for both whole stomach (OR = 1.567, P = 0.021) and distal gastric cancer (OR = 2.083, P = 0.003) were identified 
as independent risk factors for postoperative complications (Table 5). Additionally, the study population was 
further stratified into different subgroups based on the year of surgery, and univariate logistic regression analysis 
was employed to investigate the association between independent risk factors and complications within each 
subgroup (Fig. 3). The subgroup analysis results indicated that there was no statistically significant difference in 
the impact of risk factors on complications across different years, thereby suggesting the validity and reliability 
of the regression analysis findings.
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Discussion
The present study demonstrated that age > 65years, presence of diabetes, operative duration > 215  min, 
intraoperative blood loss > 275  ml, and Roux-en-Y anastomosis were independently associated with 
postoperative complications. The accuracy, techniques, and equipment of gastric cancer surgery have 
experienced a remarkable advancement in recent years, leading to a significant reduction in the incidence of 
postoperative complications2,16. The occurrence of postoperative complications, however, remains a significant 
contributor to perioperative mortality and has a profound impact on both surgical outcomes and patients’ quality 
of life. Chen’s research revealed that metabolic syndrome (MetS), Billroth II anastomosis, age, and Charlson 
score independently contribute to the risk of complications following gastrectomy8. Lou et al. discovered that 
sarcopenia serves as an autonomous predictor of postoperative complications in overweight or obese patients 
diagnosed with gastric cancer17. The limited number of participants included in the published studies and the 
lack of long-term follow-up, however, contributed to the findings’ limited strength18.

The findings of Yasuda’s study indicated that operation time and intraoperative bleeding were independent 
risk factors associated with postoperative complications following radical gastrectomy, which was consistent 
with our own results19. Intraoperative massive bleeding may result in gastrointestinal ischemia surrounding 
the anastomosis and duodenal stump, thereby leading to delayed wound healing and even gastrointestinal 
necrosis. Additionally, postoperative anemia, hypoproteinemia, and malnutrition associated with blood loss can 
contribute to tissue edema and infection, which hinders the growth of granulation tissue20,21.

Fig. 1.  Flowchart of patient selection.
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The release of tumor necrosis factor in substantial amounts can occur during the progression of tumors, 
thereby amplifying the local inflammatory response. Interestingly, our findings revealed that tumor size > 5 cm 
was significantly associated with an elevated rate of complications in the univariate analysis, while no significant 
association was observed between tumor stage and complications. The above results suggest that postoperative 
complications are primarily influenced by tumor volume, while showing no significant correlation with depth 
of tumor invasion and lymph node metastasis. Additionally, the lack of impact on complication from N status-
based tumor staging may be attributed to the extensive experience in D2 lymph node dissection among surgeons 
at our center. Large tumors are frequently accompanied by more severe inflammation, necessitating extensive 
surgery, increased surgical complexity, and posing an elevated risk of postoperative complications. Moreover, 
the performance of complex surgical procedures often leads to extensive tissue damage, prolonged operative 
duration, and increased intraoperative blood loss22,23. The extensive tissue damage and prolonged exposure 
time increase the likelihood of postoperative local infection, edema in the gastrointestinal tube, and damage to 
gastrointestinal blood supply vessels, thereby elevating the risk of complications such as anastomotic leakage, 
dysfunction, bleeding, abdominal effusion and infection20,24.

The method of digestive tract reconstruction was found to be another important factor affecting the incidence 
of postoperative complications. Compared to direct esophagogastric anastomosis in proximal gastric surgery, 
Roux-en-Y anastomosis in distal and total gastrectomy entails greater surgical trauma, a broader operative 
scope, and more extensive digestive anastomoses. Additionally, the Roux-en-Y anastomosis procedure involves 
the incision of the jejunum, resulting in significant structural and functional alterations to the digestive tract. 
Complex procedures often result in increased indentation of the abdominal drainage catheter and heightened 
postoperative discomfort and pain for patients, which hinders early postoperative mobility and elevates the 
risk of complications such as pulmonary infection, abdominal effusion, lower limb venous thrombosis, and 
gastrointestinal dysfunction24,25.

The proportion of gastric cancer patients who are elderly or diabetic has gradually increased due to population 
aging, changes in lifestyle, and dietary structure. The physiological characteristics of the elderly, such as cellular 
senescence, reduction in cell count, muscle atrophy and loss, result in compromised compensatory function 
of the body’s organs, inadequate stress response, and self-regulation ability. The presence of sarcopenia and 
malnutrition have been reported as significant risk factors for postoperative complications in elderly patients 
with gastric cancer26–28. The elderly patients are commonly afflicted with cardiovascular and cerebrovascular 
diseases, hypertension, diabetes, and other comorbidities. Consequently, their tolerance to anesthesia and 
surgery is decreased, leading to a higher frequency of postoperative ICU transfers. Moreover, they face an 
elevated risk of thrombosis, cardio-cerebral ischemic disease, and organ dysfunction29,30.

The diagnostic criteria for hypoalbuminemia was set at < 30  g/L and the results were re-analyzed, but 
no significant association with complications was observed. Regardless of the ASA score, all patients in this 
study underwent radical surgery. In addition, to mitigate the potential impact of ASA score on digestive tract 
reconstruction, we conducted a correlation analysis between the aforementioned variables. The ASA I-II 
and ASA III-IV groups did not exhibit a statistically significant difference in terms of the patients’ receipt of 
billroth or roux-en-y reconstructions. The present study, in summary, failed to establish a significant correlation 
between preoperative hypoalbuminemia or ASA scores with surgical complications. The limited occurrence 
of hypoalbuminemia and ASA score III-IV has somewhat impacted the precision and persuasiveness of the 
analysis findings, necessitating further investigation in subsequent studies.

Postoperative complications

Clavien-Dindo classifications (2009 version)

I
(n = 85)

II
(n = 129)

IIIa
(n = 38)

IIIb
(n = 21)

IVa
(n = 18)

IVb
(n = 6)

V
(n = 4)

Anastomotic leakage 2 38 2 5 2 1 0

Abdominal hemorrhage 1 1 2 8 2 2 1

Anastomotic hemorrhage 3 9 3 2 0 1 0

Delayed gastric emptying 2 41 2 1 0 0 0

Intestinal obstruction 2 8 6 5 2 0 1

Pancreatic leakage 14 9 2 0 0 0 0

Lymphatic leakage 6 2 2 0 0 0 0

Abdominal fluid, infection 13 5 7 0 0 1 0

Pleural effusion, pneumonia 16 5 11 0 6 0 1

Renal insufficiency 0 3 1 0 2 0 0

Urinary infection 2 1 0 0 0 0 0

Fever 3 0 0 0 0 0 0

Phlebothrombosis 2 5 0 0 0 0 0

Myocardial infarction 1 1 0 0 2 0 1

Cerebral infarction 0 1 0 0 2 1 0

Wound Infection 18 0 0 0 0 0 0

Table 1.  The 301 complication cases following radical gastrectomy and their complication grading.
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The influence of diabetes on postoperative complications is multifaceted and intricate. Firstly, diabetic 
patients experience prolonged immune stress due to systemic inflammatory response, leading to a reduction in 
the body’s resistance and weakened phagocytic ability of cells, resulting in delayed regeneration of anastomotic 
granulation tissue. Furthermore, diabetic patients often present with microvascular lesions, resulting in 
heightened wound exudation, susceptibility to infection, and impaired healing. Thirdly, the blood glucose 
of diabetic patients fluctuates significantly due to surgical stimulation, postoperative fasting, and parenteral 
nutrition support, which is also detrimental to the recovery from trauma30–32.

The present study also revealed that the occurrence of postoperative complications significantly prolonged 
the recovery process, resulting in increased treatment duration and medical expenses. After excluding the 
influence of malignant degree of tumor, the occurrence of postoperative complications significantly decreased 
both the survival duration and quality of patients. Consequently, the early identification, prevention, and 
treatment of patients with associated risk factors hold immense significance. The elderly patients with diabetes, 
malnutrition, and other underlying conditions should actively enhance their physical fitness during the 
perioperative period. Additionally, the endocrinology department should be consulted to adjust medication 
and closely monitor perioperative blood glucose changes for diabetic patients with inadequate blood glucose 
control, while appropriately increasing the dosage of parenteral nutrition insulin4,33,34.The operation should be 
performed in the setting of well-controlled underlying disease and optimal nutritional status, in accordance with 
the principles and protocols of Enhanced Recovery After Surgery (ERAS)35. Furthermore, the operation should 
be performed with utmost care to minimize potential damage to blood vessels and nerves, control bleeding 
effectively, and optimize the duration of the procedure. After the surgical procedure, it is imperative to minimize 
the retention of the peritoneal drainage tube, prioritize anti-infection treatment, facilitate tissue healing, and 

Complication group
(n = 301), n (%)

Control group
(n = 2207), n (%) Statistic P value

Location 3.536 0.316

Upper 90 (29.9) 648 (29.4)

Middle 30 (10.0) 156 (7.1)

Lower 166 (55.1) 1283 (58.1)

Multiple parts 15 (5.0) 120 (5.4)

Number of tumors 0.005 0.945

Single 291 (96.7) 2132 (96.6)

Multiple (≥ 2) 10 (3.3) 75 (3.4)

Histological types 0.251 0.882

Differentiated 64 (21.3) 480 (21.7)

Mixed 89 (29.6) 622 (28.2)

Undifferentiated 148 (49.2) 1105 (50.1)

T stage 0.964 0.810

T1 71 (23.6) 574 (26.0)

T2 48 (15.9) 357 (16.2)

T3 77 (25.6) 531 (24.1)

T4 105 (34.9) 745 (33.8)

N stage 2.999 0.392

N0 128 (42.5) 1021 (46.3)

N1 43 (14.3) 346 (15.7)

N2 56 (18.6) 371 (16.8)

N3 74 (24.6) 469 (21.3)

Ulceration 1.537 0.215

Absence 54 (17.9) 464 (21.0)

Presence 247 (82.1) 1743 (79.0)

NED 0.041 0.839

Absence 287 (95.3) 2110 (95.6)

Presence 14 (4.7) 97 (4.4)

LVI 1.119 0.290

Absence 226 (75.1) 1717 (77.8)

Presence 75 (24.9) 490 (22.2)

Nerve invasion 0.230 0.632

Absence 244 (81.1) 1814 (82.2)

Presence 57 (18.9) 393 (17.8)

Table 2.  Tumor characteristics between complication and control groups. NED, neuroendocrine 
differentiation; LVI, lymphovascular invasion.
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mitigate the risk of complications. It is also crucial to closely monitor the patient’s physical condition, abdominal 
drainage, and test results in order to promptly identify potential complications such as abdominal infection, 
bleeding, or leakage. Depending on the severity of these complications, appropriate measures including anti-
infection treatment, abdominal irrigation, endoscopy, intervention procedures or surgical interventions should 
be taken5,16,36. For patients without complications, the abdominal drainage, gastric and nutrition tube should 
be promptly removed in order to facilitate early eating and exercise, thereby promoting recovery and reducing 
hospitalization duration37.

Although this study analyzed the complications and survival outcomes following radical gastrectomy based 
on a sample of 2508 cases from one of the largest medical centers in China, and identified associated risk factors, 
it still possesses certain limitations. Firstly, the level of evidence was limited by administrative and technical 
disparities between retrospective cohort studies and cases originating from a single center. Secondly, the 
postoperative complications were influenced to a certain extent by the variations in surgical skills and practices 
among different surgeons, despite their extensive experience as chief physicians in this study. Thirdly, the 
correlation between postoperative complications and survival outcomes could be influenced by factors such as 
age and diabetes, both of which could impact the occurrence of postoperative complications and overall survival. 
Subsequently, multi-center, large-scale, and prospective studies focused on specific gastric cancer populations 
are needed to validate and augment the findings of this study.

Conclusions
The occurrence of postoperative complications significantly prolonged the recovery process, resulting in 
increased treatment duration and medical expenses. After excluding the influence of malignant degree of 
tumor, the occurrence of postoperative complications had a detrimental impact on patients’ survival outcomes. 
Age > 65years, presence of diabetes, operative duration > 215  min, intraoperative blood loss > 275  ml, and 
Roux-en-Y anastomosis were identified as independent risk factors for postoperative complications. The present 
study conducted an analysis of complications and survival outcomes following radical gastrectomy, while also 
exploring the risk factors associated with these complications. This research provides valuable insights for 
the prevention and management of surgical complications in gastric cancer. The findings of this study enable 
surgeons to identify relevant risk groups and implement ERAS protocols for perioperative intervention, thereby 
mitigating the risk of complications following radical gastrectomy and enhancing survival prognosis.

the corresponding author on reasonable request.

Complication group
(n = 301), n (%)

Control group
(n = 2207), n (%) Statistic P value

Placement of jejunal nutrient tube 10.487 0.001

Absence 233 (77.4) 1870 (84.7)

Presence 68 (22.6) 337 (15.3)

Number of abdominal drainage tubes 16.355  < 0.001

Single 114 (37.9) 1110 (50.3)

Multiple (≥ 2) 187 (62.1) 1097 (49.7)

Indwelling gastric tube (days) 6.0 (5.0, 8.5) 6.0 (5.0, 7.0) − 6.270  < 0.001

Indwelling catheter (days) 5.0 (3.0, 7.0) 4.0 (2.0, 6.0) − 4.633  < 0.001

Fasting (days) 8.0 (6.0, 10.5) 6.0 (5.0, 7.0) − 11.274  < 0.001

Hospital stays (days) 29.0 (22.0, 39.0) 16.0 (14.0, 20.0) − 19.714  < 0.001

1-year survival outcome 28.472  < 0.001

Alive 251 (83.4) 2027 (91.8)

Died 44 (14.6) 136 (6.2)

Unknown 6 (2.0) 44 (2.0)

3-year survival outcome 13.129 0.001

Alive 193 (64.1) 1598 (72.4)

Died 98 (32.6) 510 (23.1)

Unknown 10 (3.3) 99 (4.5)

5-year survival outcome 12.853 0.002

Alive 104 (34.6) 875 (39.6)

Died 115 (38.2) 622 (28.2)

Unknown 82 (27.2) 710 (32.2)

Table 3.  The comparison of postoperative recovery and survival outcomes between complication and control 
groups. Data are reported as numbers (percentages) or median with the interquartile range (IQR).
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Fig. 2.  Kaplan-Meier curve illustrating OS for postoperative complication in patients following radical 
gastrectomy. OS, overall survival.
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Complication group
(n = 301), n (%)

Control group
(n = 2207), n (%) OR (95% CI) P value

Sex 0.099

Male 236 (78.4) 1633 (74.0) Reference

Female 65 (21.6) 574 (26.0) 0.784 (0.586, 1.048)

Age (years) 0.001

≤ 65 188 (62.5) 1584 (71.8) Reference

> 65 113 (37.5) 623 (28.2) 1.528 (1.189, 1.964)

BMI (kg/m2) 0.311

18.5–28 252 (83.7) 1850 (83.8) Reference

< 18.5 11 (3.7) 119 (5.4) 0.679 (0.361, 1.276) 0.229

> 28 38 (12.6) 238 (10.8) 1.172 (0.812, 1.692) 0.396

Hypertension 0.330

Absence 220 (73.1) 1670 (75.7) Reference

Presence 81 (26.9) 537 (24.3) 1.145 (0.872, 1.504)

Diabetes < 0.001

Absence 238 (79.1) 1975 (89.5) Reference

Presence 63 (20.9) 232 (10.5) 2.253 (1.654, 3.070)

Cardia-cerebrovascular disease 0.098

Absence 266 (88.4) 2015 (91.3) Reference

Presence 35 (11.6) 192 (8.7) 1.381 (0.942, 2.024)

Anaemia 0.527

Absence 223 (74.1) 1672 (75.8) Reference

Presence 78 (25.9) 535 (24.2) 1.093 (0.830, 1.440)

Hypoalbuminemia 0.610

Absence 270 (89.7) 2000 (90.6) Reference

Presence 31 (10.3) 207 (9.4) 1.109 (0.745, 1.652)

Neoadjuvant chemotherapy 0.919

Absence 278 (92.4) 2042 (92.5) Reference

Presence 23 (7.6) 165 (7.5) 1.024 (0.650, 1.612)

Pyloric obstruction 0.016

Absence 256 (85.0) 1979 (89.7) Reference

Presence 45 (15.0) 228 (10.3) 1.526 (1.080, 2.155)

Gastrointestinal hemorrhage 0.326

Absence 246 (81.7) 1853 (84.0) Reference

Presence 55 (18.3) 354 (16.0) 1.170 (0.855, 1.601)

Abdominal operation history 0.584

Absence 248 (82.4) 1846 (83.6) Reference

Presence 53 (17.6) 361 (16.4) 1.093 (0.796, 1.501)

Preoperative ASA score 0.390

I–II 264 (87.7) 1972 (89.4) Reference

III–IV 37 (12.3) 235 (10.6) 1.176 (0.813, 1.702)

Operation start time 0.624

Morning 163 (54.2) 1162 (52.7) Reference

Afternoon 138 (45.8) 1045 (47.3) 0.941 (0.739, 1.199)

Digestive tract reconstruction < 0.001

Esophagogastric anastomosis 58 (19.3) 493 (22.3) Reference

Esophagojejunal Roux-en-Y 88 (29.2) 442 (20.0) 1.692 (1.186, 2.415) 0.004

Esophagojejunal Billroth II +braun 13 (4.3) 85 (3.9) 1.300 (0.683, 2.475) 0.425

Gastroduodenostomy Billroth I 55 (18.3) 624 (28.3) 0.749 (0.509, 1.104) 0.144

Gastrojejunum Roux-en-Y 33 (11.0) 132 (6.0) 2.125 (1.330, 3.395) 0.002

Gastrojejunum Billroth II 54 (17.9) 431 (19.5) 1.065 (0.719, 1.577) 0.753

Operative approach 0.876

Open 178 (59.1) 1321 (59.9) Reference

Laparoscopic 99 (32.9) 728 (33.0) 1.009 (0.777, 1.311) 0.945

Robot-assisted 24 (8.0) 158 (7.2) 1.127 (0.714, 1.780) 0.607

Operative duration (min) < 0.001

≤ 215 159 (52.8) 1472 (66.7) Reference
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Complication group
(n = 301), n (%)

Control group
(n = 2207), n (%) OR (95% CI) P value

> 215 142 (47.2) 735 (33.3) 1.789 (1.403, 2.281)

Intraoperative blood loss (ml) < 0.001

≤ 275 182 (60.5) 1631 (73.9) Reference

> 275 119 (39.5) 576 (26.1) 1.851 (1.442, 2.377)

Postoperative ICU transition 0.008

Absence 270 (89.7) 2070 (93.8) Reference

Presence 31 (10.3) 137 (6.2) 1.735 (1.151, 2.614)

Tumor size (cm) 0.024

≤ 5 201 (66.8) 1611 (73.0) Reference

> 5 100 (33.2) 596 (27.0) 1.345 (1.039, 1.740)

Tumor stage (pathological) 0.343

I 94 (31.2) 745 (33.8) Reference

II 73 (24.3) 577 (26.1) 1.003 (0.725, 1.387) 0.987

III 134 (44.5) 885 (40.1) 1.200 (0.906, 1.590) 0.204

Table 4.  Univariate analysis of risk factors associated with complication following radical gastrectomy. OR, 
odds ratio; CI, confidence interval; BMI, body mass index; ASA, American society of Aneshesiologists; ICU, 
intensive care unit.
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Covariates OR (95% CI) P value

Sex 0.345

Male Reference

Female 0.864 (0.638, 1.170)

Age (years) 0.020

≤ 65 Reference

> 65 1.378 (1.053, 1.803)

Diabetes < 0.001

Absence Reference

Presence 2.042 (1.479, 2.818)

Cardia-cerebrovascular disease 0.540

Absence Reference

Presence 1.136 (0.756, 1.705)

Pyloric obstruction 0.079

Absence Reference

Presence 1.376 (0.963, 1.965)

Digestive tract reconstruction 0.003

Esophagogastric anastomosis Reference

Esophagojejunal Roux-en-Y 1.567 (1.070, 2.295) 0.021

Esophagojejunal Billroth II+braun 1.304 (0.670, 2.537) 0.435

Gastroduodenostomy Billroth I 0.852 (0.571, 1.271) 0.432

Gastrojejunum Roux-en-Y 2.083 (1.278, 3.394) 0.003

Gastrojejunum Billroth II 1.194 (0.798, 1.787) 0.387

Operative duration (min) 0.006

≤ 215 Reference

> 215 1.450 (1.115, 1.885)

Intraoperative blood loss (ml) 0.004

≤ 275 Reference

> 275 1.474 (1.130, 1.922)

Postoperative ICU transition 0.214

Absence Reference

Presence 1.322 (0.851, 2.054)

Tumor size (cm) 0.953

≤ 5 Reference

> 5 1.008 (0.761, 1.336)

Table 5.  Multivariate logistic regression analysis of complication following radical gastrectomy. OR, Odds 
Ratio; CI, credible interval; ICU, intensive care unit.
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Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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Fig. 3.  With complications as the dependent variables, the forest plots present the subgroup analysis of (A) 
age, (B) diabetes, (C) digestive tract reconstruction, (D) operative duration, and (E) intraoperative bleeding 
based on years of surgery.
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