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Abstract. Surgical resection remains the gold standard treat‑
ment for gastric cancer; however, the rate of post‑operative 
complications remains unsatisfactory. Although the majority 
of complications are treatable, it remains unknown whether 
the long‑term survival of patients is affected and what type of 
complications affect prognosis. In the present study, the modi‑
fied Clavien‑Dindo classification system was used to examine 
the incidence of early complications along with the related risk 
factors following radical gastrectomy (RG) and to determine 
the effects of such complications on long‑term prognosis. 
For this purpose, 525 gastric cancer patients with RG were 
analyzed retrospectively. The results revealed that age [odds 
ratio (OR), 1.781; P=0.013], pre‑operative comorbidity (OR, 
1.765; P=0.020), blood loss (OR, 2.153; P=0.001) and the type 
of surgery (OR, 3.137; P<0.001) were identified as indepen‑
dent risk factors associated with post‑surgery complications. 
Blood loss (OR, 13.053; P=0.013) and the resection type (OR, 
7.936; P=0.047) were identified as independent risk factors for 
severe complications. The 5‑year overall survival (OS) rate 
of patients in the severe complication group was 35%, which 
was significantly worse than that of patients in the non‑severe 
complication group (61.8%). Severe complications (hazard 
ratio, 1.595; P=0.107) were not found to be independent risk 

factors associated with the 5‑year OS. On the whole, the 
present study demonstrates that complications following RG 
were significantly related to age, pre‑operative comorbidity, 
blood loss and the type of surgery. Severe complications were 
distinctly affected by blood loss and the resection type. The 
5‑year OS of patients in the severe complication group was 
significantly worse than that of patients in the non‑severe 
complication group; however, severe complications were not 
found to be independent risk factors associated with long‑term 
survival.

Introduction

The morbidity and mortality associated with gastric cancer 
ranks second among the types of cancer in China (1). Surgical 
resection remains the gold standard treatment for gastric 
cancer. In order to prolong the survival of patients with 
gastric cancer as much as possible, an increasing number 
of researchers emphasize the importance of radical surgery. 
However, post‑operative complications always occur due to 
dissection and tract reconstruction. The rate of post‑operative 
complications remains unsatisfactory, varying from 18.3 
to 36% (2). Although the majority of complications can are 
treatable, it remains unknown whether the long‑term survival 
of patients is affected and what type of complications affect 
prognosis. These are important issues that surgeons need to 
understand and take into consideration.

The Clavien‑Dindo classification system is a widely 
used clinical approach (3‑5). The grading of complications 
facilitates a more objective evaluation of the severity of the 
complications. The advantages of the Clavien‑Dindo classi‑
fication system include simplicity, an understandable format, 
acceptability and reproducibility. However, this standard is 
only suitable for the classification of general adverse events. 
Surgical‑related complications often lack a clear definition and 
a set of diagnostic principles.

In 2015, the Japan Clinical Oncology Group (JCOG) 
established a special committee to revise the Clavien‑Dindo 
standard and to provide a more precise evaluation of 
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surgery‑related complications known as the modified version 
of the Clavien‑Dindo classification system (6). The classifica‑
tion of the surgical complications was clearly defined, allowing 
for a more unified standard suitable for the evaluation of early 
post‑operative complications. For example, the placement 
of a gastric tube and a small intestinal decompression tube 
following intestinal obstruction post‑surgery are considered 
grade II and III complications, respectively, and the replace‑
ment of the drainage tube following leakage or an abscess is 
listed as a grade III complication (6).

In fact, the difference between the modified Clavien‑Dindo 
classification and the general Clavien‑Dindo Classification 
is mainly reflected in the definition of complications. The 
surgical common adverse event terms and gradings according 
to the modified Clavien‑Dindo classification are presented 
in Table I (including post‑operative hemorrhage, intestinal 
fistula and intestinal obstruction). It should be noted that only 
the most common events are listed due to space limitations (6).

The present study used the modified Clavien‑Dindo classi‑
fication system to identify the incidence of early complications 
and analyze risk factors for early complications following RG 
in patients with gastric cancer. To further benefit patients with 
gastric cancer, the association between complications and 
prognosis was further evaluated.

Patients and methods

Patients. The present study was a retrospective investigation 
of 525 consecutive patients who underwent RG for gastric 
cancer between October, 2010 and September, 2015 at the 
Anqing Municipal Hospital (Anqing, China). The present 
study was approved by the Medical Ethics Committee of 
Anqing Municipal Hospital (ref. no. 2020. 086). All patients 
provided signed informed consent prior to the surgery.

Case inclusion and exclusion criteria. The inclusion criteria 
were as follows: i) Gastric cancer diagnosed by gastroscopy 
and pathological examination prior to surgery; ii) patients show 
underwent either laparoscopic operation or open surgery, and 
the type of resection included radical/total, distal or proximal 
gastrectomy; iii) R0 resection and lymph nodes that reached 
D1+ or D2 dissection; iv) post‑operative early complications 
occurred 30 days post‑surgery; and v) the clinical pathology, 
complications and follow‑up data of the patients were complete 
and correct, and each surgery was performed by the same 
group of surgeons.

The exclusion criteria were as follows: i) Pre‑operative 
examination and intraoperative exploration of distant tumor 
metastasis, which could not be achieved by radical resec‑
tion; ii) patients who had received neoadjuvant or conversion 
therapy prior to surgery; iii) patients who had received 
intraoperative therapy, such as hyperthermic intraperitoneal 
chemotherapy; iv) abdominal aortic lymph node dissection; 
v) pylorus‑preserving gastrectomy; vi) the presence of other 
simultaneous malignant tumors; vii) remnant gastric carci‑
noma; and viii) emergency surgery.

Classification standards. The modified Clavien‑Dindo 
grading system was used to classify post‑operative complica‑
tions (grade ≥I was defined as post‑operative complications 

and grade ≥IIIa was defined as severe post‑operative compli‑
cations) (6). The present study also utilized the nutritional risk 
screening 2002 (NRS2002) screening tool (7), the American 
Society of Anesthesiologists (ASA) scoring system (8) and the 
Charlson comorbidity index (CCI) (9). Tumors were staged in 
accordance with the Union for International Cancer Control 
Classification System (8th edition) (10).

Patient follow‑up. All patients who agreed to undergo RG 
were followed‑up from the date of surgery. The final follow‑up 
date was September, 2020, and the median follow‑up was 
62 months. Overall survival (OS) was calculated from the date 
of surgery to the date of death, regardless of the cause or date 
of censoring.

Statistical analysis. SPSS 26.0 software (SPSS, Inc.) was used 
for statistical analysis. Continuous variables are presented as 
the mean ± standard deviation. The post‑operative hospital 
stay of the patients in the different groups was compared using 
the Mann‑Whitney U‑test. The association between the pres‑
ence of complications and clinical features, including sex, age, 
body mass index (BMI), history of surgery, NRS2002, CCI, 
ASA score, pre‑operative comorbidity, blood loss, operation 
time, type of surgery, resection type, multiple organ resec‑
tion and tumor size was examined using Fisher's exact test 
and the Chi‑squared test (univariate analysis). Valuables with 
P‑values <0.05 in the univariate analysis were included in the 
multivariate regression analysis to identify the risk factors 
for post‑operative complications and severe complications. 
The post‑operative survival rate was analyzed by plotting 
the Kaplan‑Meier graph, with differences in survival rates 
assessed using the log‑rank test. A Cox proportional‑hazards 
regression model was used for univariate and multivariate 
analyses. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. The present study included 387 males 
and 138 females, and the mean age was 62.5±10.7 years (range, 
16‑89 years). The most frequent complication was hyperten‑
sion (16.8%), and the incidences of early‑stage (T stage 1a 
and 1b) and advanced‑stage (T stage 2, 3, 4a and 4b) and 
gastric cancer were 17.7% (93/525) and 82.3% (432/525), 
respectively. In total, 12 patients underwent combined organ 
resection, and no patient died from post‑operative complica‑
tions. The proportions of total gastrectomy and laparoscopy 
were 62.9% (330/525) and 23.0% (121/525), respectively. The 
patient characteristics are depicted in Table II.

Modified Clavien‑Dindo classification and postoperative 
hospital stay for early post‑operative complications. A total 
of 114 cases were graded as Clavien‑Dindo ≥I (complications), 
accounting for 21.7% (114/525) of the total number of cases, 
and 20 cases were graded as Clavien‑Dindo ≥IIIa (severe 
complications), accounting for 17.5% (20/114) of postopera‑
tive complications and 3.8% (20/525) of the total number of 
cases (Table III). The most common complication was pneu‑
monia (42 cases), occurring at a rate of 8% (42/525), and the 
most severe post‑operative complication was duodenal stump 
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leakage (10 cases), accounting for 8.8% (10/114) of the compli‑
cations and 50% (10/20) of the severe complications (Table III). 
A total of 4 patients needed to undergo reoperation in the 
severe complication group under general anesthesia (2 patients 
with abdominal bleeding, 1 patient with intestinal obstruc‑
tion and 1 patient with drainage tube incarceration). The 
post‑operative hospital stay in the complication group was 
17.88±8.472 days, and that in the severe complication group 
was 23.10±7.594 days, which was significantly longer than 
that in the non‑complication group (10.26±1.973 days) and 
non‑severe complication group (11.47±4.712 days), respec‑
tively (P=0.001; Fig. 1).

Risk factors for postoperative complications. Univariate 
analysis was used to determine the risk factors for post‑oper‑
ative complications. Age, the ASA score, CCI, pre‑operative 

comorbidity, blood loss and type of surgery type were associ‑
ated with complications. Sex, blood loss, the duration of the 
surgery time and resection type were associated with severe 
complications (Table IV). In the multivariate analysis that 
included these factors, age (OR, 1.781; P=0.013), pre‑operative 
comorbidity (OR, 1.765; P=0.020), blood loss (OR, 2.153; 
P=0.001) and type of surgery (OR, 3.137; P=0.000) were inde‑
pendent risk factors for the development of early post‑operative 
complications. Blood loss (OR, 13.053; P=0.013) and resection 
type (OR, 7.936; P=0.047) were identified as independent risk 
factors for the development of early post‑operative severe 
complications (Table IV).

Survival analysis based on the modified Clavien‑Dindo clas‑
sification. As shown in Fig. 2, the 5‑year OS rates of patients 
with grade I, II and ≥III complications were 59.3, 56.3 and 

Table I. List of surgical common adverse event terms and gradings according to the modified Clavien‑Dindo classification.

 Principle of grading Supplemental
Adverse ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ event of
explanation I II IIIa IIIb IVa IVb V suffix ‘d’a

Post‑  Controllable Blood  Surgical  Intervention  Single  Multiple  Mortality Persistent
operative with transfusion hemostasis under general organ organ  anemia
hemorrhage compression or medical under local anesthesia failure; failure;
 only management anesthesia or indicated stepdown IC/ICU
  agreement endoscopic (hemostasis) ICU/ICU management
  indicated and radiological  care indicated
   intervention  indicated
   hemostasis
   indicated
Intestinal  Clinical  Medical  Image‑guided  Intervention  At least  Sepsis or  Mortality Persistent
fistula observation management drain under one organ multiple  enterocutaneous
 or diagnostic indicated  placement/ general failure organ  fistula
 evaluation (e.g., paracentesis,  anesthesia  failure
 only; antibiotics) including indicated
 intervention not  drain (colostomy)
 indicated  replacement
 (drainage only  indicated
 through existing
 drain age tube)
Intestinal  Clinical  Medical  Nasoenteric  Treatment  Extensive  Sepsis or  Mortality Home 
obstruction observation management tube for ileus intestinal multiple  intravenous
 or diagnostic beyond placement under general necrosis,  organ  nutrition
 evaluation laxatives,   anesthesia at least failure
 only; medical NG tube  (with or one organ
 management placement, or  without failure
 not indicated intravenous  intestinal
 except for nutrition  resection)
 laxatives and management
 intravenous indicated
 nutrition

aSuffix ‘d’: In the case that the patient suffers from a complication at the time of discharge, the suffix ‘d’ (indicating ‘disability’) is added to the respective 
grade of complication. This label indicates that a follow‑up period is required to fully evaluate the complication of the patient. ICU, intensive care unit.
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35%, respectively. As shown in Fig. 3, the 5‑year OS rates of 
patients in the complication group and the non‑complication 
group were 53.2 and 62.6%, respectively (P=0.104). The 5‑year 
OS rates of patients in the post‑operative severe complica‑
tion group and non‑severe complication group were 35 and 
61.8%, respectively (P=0.004). As shown in Table V, TNM 
stage [hazard ratio (HR), 2.917; P<0.001] and pre‑operative 

comorbidities (HR, 1.448; P=0.016) were independent risk 
factors that affected the 5‑year OS. Severe post‑operative 
complications (HR, 1.595; P=0.107) were not identified as 
independent risk factors affecting the 5‑year OS.

Discussion

The present study demonstrated that 114 patients experienced 
early complications following RG, 20 patients experienced 
severe complications, and no post‑operative deaths occurred. 
Pneumonia, gastrointestinal symptoms (abdominal distension 
and reflux), duodenal stump leakage, abdominal hemorrhage, 
gastroparesis, chylous leakage and ascites were common 
early complications. The most common complication was 
pneumonia, which was in line with the findings of previous 
research (11). The following reasons may explain why pneu‑
monia was the most common complication: i) The average age 
of the patients was 62.5±10.7 years, the proportion of patients 
≥70 years of age was 28.8%, the lung elasticity and chest wall 
compliance of elderly patients were naturally reduced, the 
amount of residual alveolar gas was increased, and elderly 
patients tended to be more prone to respiratory muscle fatigue 
and upper respiratory tract obstruction (12); ii) the proportion 
of males was 73.7% (387/525), which was consistent with 
the data of the geographical Cancer Registry in China (13) 
and a greater proportion of male patients smoked (117/387), 
increasing their risk of developing post‑operative pneu‑
monia (14); and iii) the proportion of total gastrectomy, which 
has been suggested as a notable post‑operative risk associated 
with total gastrectomy (15) in the present study was high, 
accounting for 62.9% (330/525).

In the present study, the most severe post‑operative compli‑
cation was duodenal stump leakage, which was consistent with 
the findings of a previous study (16). Previous studies have 
demonstrated that age and pre‑operative comorbidity are asso‑
ciated with the occurrence of duodenal stump leakage (17,18). 
In the Anqing Municipal Hospital, the duodenal stump was 
reinforced, but not embedded in the past. Following technical 
improvement, the stump is now embedded, allowing for a 
marked reduction in leakage from the duodenal stump (19,20).

It is worth noting that intra‑abdominal hemorrhage should 
alert the surgeon, as 2 of the 5 patients who presented with 
intra‑abdominal hemorrhage required a second surgery; 
thus, 2 patients with anastomotic hemorrhage were success‑
fully cured with conservative treatment, suggesting that the 
prognosis of anastomotic hemorrhage was superior to that of 
intra‑abdominal hemorrhage.

A multivariate logistic regression model identified that 
blood loss was a 2‑fold independent risk factor for post‑oper‑
ative complications and severe post‑operative complications, 
which was in line with the findings of other studies (21,22). 
Excessive bleeding during surgery not only affects the 
stability of intraoperative hemodynamics, but may also affect 
the disposition of the surgeon, which is not conducive for the 
high‑quality completion of the operative procedure. Patients 
with post‑operative anemia often display a poor general condi‑
tion and a lower threshold for stress, which hinders the healing 
of the anastomosis or stump (23). Anemia may lead to insuf‑
ficient tissue oxygenation and low protein levels, ultimately 
increasing the risk of infection (24).

Table II. Characteristics of the 525 patients undergoing gas‑
trectomy.

Patient characteristics Total (n=525)

Age (years) 62.5±10.7
Sex (male/female) 387/138
Body mass index 21.3±3.1
History of previous abdominal  51 (9.7)
surgery (%)
Pre‑operative comorbidities (%) 123 (23.4)
  Hypertension 88 (16.8)
  Diabetes 19 (3.6)
  Heart disease 12 (2.2)
  Cerebrovascular disease 10 (1.9)
  COPD 8 (1.5)
  Immune system diseases 6 (1.1)
  Cirrhosis 6 (1.1)
  History of malignant tumor 4 (0.8)
  Combination of ≥2 29 (5.5)
Multiple organ resection (%) 39 (7.4)
  Combined organectomy 12 (2.2)
  Cholecystectomy 18 (3.4)
  Abdominal benign tumor resection 9 (1.7)
ASA score (1/2/3/4/5) 365/124/36/0/0
Histological differentiation 35/97/393
(high/middle/low)
Modified Clavien‑Dindo classification 25/69/15/4/1/0/0
(1/2/3a/3b/4a/4b/5)
T stage (T1a/T1b/T2/T3/T4a/T4b) 56/37/60/2/350/20
N stage (N0/N1/N2/N3a/N3b) 204/94/97/96/34
TNM stage (1a/1b/2a/2b/3a/3b/3c) 83/41/16/91/
 161/94/39
Tumor distribution (upper/middle/ 187/156/166/16
lower/two sites and above)
Resection type (total/proximal/distal) 330/9/186
Type of surgery (open/laparoscopy) 404/121
Extent of lymph node dissection 103/422
(D1+/D2)
Number of retrieved lymph node (pieces) 22.9±9.8
Post‑operative hospital stay (days) 11.9±5.3
Duration of surgery (min) 238.6±51.9
Blood loss (ml) 187.3±141.2
Time of first flatus (days) 4.4±1.4

COPD, chronic obstructive pulmonary disease; ASA, American 
Society of Anesthesiologists; TNM, tumor, node and metastases.
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Figure 1. (A) Comparison of the length of post‑operative hospital stay between the complication group (17.88±8.47 days) and the non‑complication group 
(10.26±1.97 days). (B) Comparison of the length of post‑operative hospital stay between the severe complication group (23.10±7.59 days) and the non‑severe 
complication group (10.26±1.97 days). ****P<0.0001.

Table III. Modified Clavien‑Dindo classification of post‑operative complications.

 Modified Clavien‑Dindo classification
 No. of ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Complication cases I II IIIa IIIb Ⅳa Ⅳb Ⅴ

Pneumonia 42 6 36
Bloating and reflux 12 11 1
Duodenal stump leakage 10   10
Abdominal bleeding 5  3  2
Gastroparesis 4  4
Chylous leakage 4 2 2
Anastomotic stenosis 4 2 2
Ascites 4 2 2
Cholecystitis 3  3
Fever 3  3
Abdominal infection 3  2 1
Abnormal liver function 3  3
Intestinal obstruction 2  1  1
Anastomotic bleeding 2  2
Arrhythmia 2  2
Pleural effusion 2   2
Liver abscess 1  1
Urinary retention 1 1
Pneumothorax 1   1
Anastomotic leakage 1   1
Heart failure 1     1
Thrombus 1  1
Pancreatic leakage 1  1
Drainage tube incarceration 1    1
Fat liquefaction 1 1
Total 114 25 69 15 4 1 0 0
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The present study demonstrated that age was an indepen‑
dent risk factor for post‑operative complications. First, elderly 
patients usually exhibit insufficient lung function prior to 
surgery and poor sputum excretion post‑surgery. Through a 
retrospective analysis of 750 cases of gastric cancer surgery, 
Miki et al (12) reported age as an independent risk factor for 
post‑operative lung infection. Second, elderly patients with 
gastric cancer often present with hypoproteinemia and are 
more likely to develop anastomosis and stump leakage (17). 
Finally, compared with younger individuals, elderly patients 
had higher ASA scores (25). Through a gastric cancer cohort 
study, Nelen et al (25) found that the ASA score of elderly 
patients was significantly higher than that of the younger 
group. In addition, an age >70 years was a risk factor for 
post‑operative complications (25).

Herein, pre‑operative comorbidity was an independent 
risk factor for post‑operative complications. Filip et al (17) 
found that hypertension was a dual independent risk factor for 
post‑operative and surgical complications. Choudhuri et al (23) 

demonstrated that hypertension was also an independent 
risk factor for gastrointestinal leakage. In addition, chronic 
obstructive pulmonary disease (COPD) and coronary heart 
disease contribute to an increased probability of post‑operative 
complications. Coimbra et al (26) demonstrated that COPD 
and coronary heart disease were independent risk factors for 
post‑operative complications. Finally, diabetes may easily lead 
to complications, such as incision infection, poor healing and 
anastomotic leakage. Wang et al (27) retrospectively analyzed 
1,657 cases of laparoscopic‑assisted total gastrectomy, and 
they reported that diabetes was closely related to the inci‑
dence rate of post‑operative anastomotic leakage, abdominal 
bleeding and lung infection.

In the present study, open surgery was found to be an inde‑
pendent risk factor for post‑operative complications, which is 
in agreement with the findings of previous research (28). First, 
in comparison to open surgery, patients who underwent lapa‑
roscopic surgery felt less pain and had a greater ability to use 
lung capacity, thereby reducing the probability of lung infec‑
tion. Second, minimally invasive surgery may result in a more 
rapid return of enteric function, and patients may be able to eat 
and arise earlier, thereby reducing the incidence of ascites due 
to hypoproteinemia and diminishing the probability of venous 
thrombosis and atelectasis.

In addition, total gastrectomy was found to be an inde‑
pendent risk factor for severe post‑operative complications. 
Compared with subtotal gastrectomy, there is a larger range of 
dissections and more anastomoses in total gastrectomy (25). 
According to the Japanese Gastric Cancer Treatment 
Guidelines (29), the splenic hilar lymph nodes, as part of D2 
dissection, are routinely cleaned at the Anqing Municipal 
Hospital. This operation may increase the incidence of vascular 
injury and splenic bleeding. For several special cases, such as 
males or 'barrel chest', esophageal‑jejunum anastomoses were 
too difficult to perform. The incidence of pleural effusion and 
pneumothorax was increased when the surgeon dissected the 
splenic hilar and mediastinal lymph nodes (the severe compli‑
cation group had 1 case with pneumothorax and 2 cases with 
pleural effusion who underwent pleural drainage following 
total gastrectomy).

The 5‑year OS of the patients in the severe complication 
group was only 35%, which was significantly worse than 

Figure 2. Kaplan‑Meier curves were plotted to estimate the patient overall 
5‑year survival according to the Clavien‑Dindo classification.

Table V. Univariate and multivariate analysis for independent prognostic factors for overall survival (severe complications).

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 P‑value HR 95% CI P‑value HR 95% CI

TNM stage 0.001 3.242 2.373‑4.430 <0.001 2.917 2.122‑4.011
Pre‑operative comorbidity 0.004 1.536 1.149‑2.053 0.016 1.448 1.073‑1.956
Severe complications 0.005 2.246 1.282‑3.936 0.107 1.595 0.904‑2.815
Histological type 0.006 1.602 1.144‑2.243 0.363 1.174 0.831‑1.660
Age 0.030 1.364 1.030‑1.804 0.177 1.217 0.915‑1.620
Sex 0.423 1.135 0.833‑1.546 0.659 1.073 0.785‑1.468

Values in bold font indicate statistically significant differences (P<0.05). TNM, tumor, node and metastases; HR, hazard ratio, CI, confidence 
interval.
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that of the non‑severe complication group (61.8%); however, 
Cox analysis revealed that severe complications were not an 
independent risk factor affecting prognosis, which was incon‑
sistent with the findings of other studies (30,31). Potential 
explanations for the controversial data are as follows: i) Cox 
regression multivariate analysis revealed severe post‑operative 
complications (HR, 1.595, P=0.107), although these compli‑
cations were not significant (P>0.05), which may be related 
to the small sample size of the severe complication group 
(n=20); and ii) gastrointestinal complications (such as nausea, 
gastrointestinal reflux, anastomotic stenosis) in the non‑severe 
complications group may lead to a poor post‑operative nutri‑
tional status, which potentially affects long‑term prognosis.

The present study had the following limitations: i) The aim 
of the present study was to investigate the occurrence of early 
post‑operative complications and to minimize confounding 
factors via inclusion and exclusion criteria; the limitation was 
its retrospective nature, and the conclusions drawn need to be 
further confirmed by a multicenter, large‑sample prospective 
cohort study; and ii) certain post‑operative complications may 
occur a month later, and these later complications were not 
counted as data in the present study.

In addition, considering that previous literature on 
post‑operative complications mainly included retrospec‑
tive studies (30,31), the authors aim to adopt a prospective 
nest‑case‑control study to observe the association between 
complications and long‑term prognosis following the 
radical resection of gastric cancer; this analysis has already 
been registered in the Chinese Clinic Trial Registry 
(ChiCTR2100043385).

In conclusion, the present study demonstrated that age, 
preoperative comorbidity, blood loss, and open surgery 
represent independent risk factors associated with early 
complications following RG. Total gastrectomy and blood loss 
were independent risk factors for early post‑operative severe 
complications. The 5‑year OS of patients in the severe compli‑
cation group was significantly worse than that of patients in the 
non‑severe complication group. Although early post‑operative 

complications are not an independent risk factor for poor 
prognosis, they may significantly prolong the post‑operative 
hospital stay. It is thus recommended that surgeons aim to 
minimize the occurrence of early post‑operative complications, 
particularly severe complications, which may help shorten the 
length of hospital stay, increase the bed turnover rate, reduce 
the economic burden of patients and may ultimately improve 
the quality of life of patients.
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