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Purpose: The purpose of the present study was to evaluate whether vascular calcification is 
a risk factor for anastomotic leakage after gastrectomy in gastric cancer patients.
Methods: Patients with confirmed gastric cancer were collected from the database of 
a single clinical center from January 2013 to January 2019. The calcification score and 
anastomotic leakage were recorded, and predictors of anastomotic leakage were analyzed.
Results: A total of 856 patients were included in this study; 818 patients had no anastomotic 
leakage, and 38 patients had anastomotic leakage. The ratio of hypertension status (p=0.011), 
open gastrectomy (p=0.012), postoperative length of stay (p=0.000), aorta calcification score 
(p=0.000) and celiac axis calcification (p=0.000) were higher in the anastomotic leakage 
group than in the nonanastomotic leakage group. In multivariate analysis, aorta calcification 
(p=0.029, odds ratio =2.425, 95% CI=1.095–5.491) was an independent predictor of the 
anastomotic leakage.
Conclusion: Aorta calcification is an independent risk factor for anastomotic leakage after 
gastrectomy in gastric cancer patients.
Keywords: calcification, leakage, gastrectomy, gastric cancer

Introduction
Gastric cancer is the fifth most common malignant tumor and the third-leading 
cause of cancer-related death in the world.1 There are nearly one million new cases 
of gastric cancer each year in the world, of which nearly 50% occur in China.2 

Radical gastrectomy plays an important role in the treatment of gastric cancer in 
resectable patients,3,4 yet complications after gastrectomy can affect the quality of 
life and even overall survival.5–7

Improvements in surgical techniques and perioperative management were attrib-
uted to a reduction in mortality after radical gastrectomy for gastric cancer;8 

nevertheless, anastomotic leakage is still relatively common. Anastomotic leakage 
is one of the most serious postoperative complications, and it has been reported that 
the incidence of anastomotic leakage is 0–17%.8–10 Anastomotic leakage could lead 
to a reduced quality of life, longer hospital stays and increased costs and 
mortality,11 and furthermore, it had a negative impact on the long-term 
outcomes.5,12

Vascular calcification has been implicated as an independent risk factor for 
anastomotic leakage after esophageal and colorectal cancer surgery.13,14 Vascular 
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calcification might affect the blood supply of the 
anastomosis,13 thus leading to anastomotic leakage. To 
our knowledge, there is no previous research related to 
vascular calcification and anastomotic leakage in gastric 
cancer in previously published studies. Therefore, the pur-
pose of the present study was to evaluate whether vascular 
calcification is a risk factor for anastomotic leakage after 
gastrectomy in gastric cancer patients.

Materials and Methods
Patients
Patients with confirmed gastric cancer were collected 
from the database of a single clinical center from 
January 2013 to January 2019. This study was con-
ducted in accordance with the World Medical 
Association Declaration of Helsinki, and ethical 
approval from the institutional review board was 
obtained (2021–021). A total of 1348 patients were 
collected from the database. Patients were included 
according to the following criteria: 1) patients who 
underwent gastrectomy + D2 lymph node dissection; 
and 2) patients were confirmed to have gastric cancer 
by pathology after gastrectomy. Finally, 1008 patients 
were included. Patients were excluded according to the 
following criteria: 1) incomplete medical record data 
(n=63); 2) incomplete preoperative computed 

tomography (CT) data (n=71); and 3) palliative radical 
resection of gastric cancer (n=18). In total, 856 patients 
were included in this study. The inclusion and exclusion 
criteria of patients with gastric cancer are shown in 
Figure 1.

Surgery
All patients included in this study underwent gastrectomy, 
and they were operated on by two surgeons with more than 
10 years of surgical experience on the same team. The 
scope of lymph node dissection followed the Japanese 
gastric cancer treatment guidelines.15

Medical Records Collections
Baseline information, including sex, age, body mass index 
(BMI), the American Society of Anesthesiologists (ASA), 
chronic obstructive pulmonary disease (COPD), diabetes 
mellitus, smoking, drinking, coronary artery disease, 
hypertension, renal insufficiency, peripheral vascular dis-
ease and calcification score, was recorded. Surgical infor-
mation was collected, including surgical approach, 
surgical procedure, transfusion, operation time, estimated 
blood loss, retrieved lymph nodes and type of anastomosis. 
Postoperative information, such as pathological TNM 
stage, anastomotic leakage and postoperative hospital 
stay, were included as well.

Figure 1 Inclusion criteria and exclusion criteria of patients who underwent gastrectomy.
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CT Image Data
All patients underwent a chest and abdomen CT examina-
tion within 14 days before the operation. The following 
equipment parameters were adopted: the tube current was 
150 mA; the tube voltage was 120 kVp; the section thick-
ness was 5 mm; and the section interval was 5 mm. A 64 
multidetector scanner (LightSpeed VCT; GE Healthcare, 
Waukesha, WI, USA) was used for CT scanning. The 
scanning ranged from the top of the chest to the bottom 
of the abdomen. An enhanced image was obtained after 
intravenous injection of 80–90 mL of nonionic contrast 
agent (320 mg/mL; iopamidol, Shanghai Braco Sinus 
Pharmaceutical Co., Ltd., Shanghai, China) at an injection 
rate of 3.0 mL/s using a 50 mL saline tracker. The contrast 
agent-enhanced CT images were obtained 35 and 120 
seconds after the injection of the contrast agent in the 
arterial phase and the equilibrium phase, respectively. CT 
images were independently measured by two physicians 
who were blinded to the patient’s medical records, and any 
disagreements were resolved by consensus or in consulta-
tion with a senior physician.

Definition
The calcification score was modified according to previous 
studies.13 We calculated four arteries: the aortic artery 
(descending part of the thoracic aorta and abdominal part 
of the aorta above the celiac level), celiac axis artery, left 
postceliac arteries (splenic artery and left gastroepiploic 
artery) and right postceliac arteries (common hepatic 
artery, gastroduodenal artery and right gastroepiploic 
artery). The classification of scores is shown in Table 1 
and Figure 2.

Upper gastrointestinal endoscopy and computed tomo-
graphy were performed when a postoperative anastomotic 
leakage was clinically suspected based on a patient’s 
symptoms or physical examination findings. All anasto-
motic leakage of Clavien-Dindo grade III or IV occurring 
within 90 days after the operation was defined as 
a postoperative anastomotic leakage.16,17

Statistical Analysis
Continuous variables, including age, BMI, operation time, 
estimated blood loss, retrieved lymph nodes and post-
operative hospital stay, were calculated by the mean and 
standard deviation. Independent-sample t-tests were used 
to compare continuous variables between the anastomotic 
leakage group and the nonanastomotic leakage group. The 

χ2 statistic or the Fisher’s exact test was used to compare 
other parameters between the two groups. Multivariate 
analysis was used to identify predictors of anastomotic 
leakage. Data were analyzed using SPSS (version 20.0) 
statistical software. A bilateral p value of < 0.05 was 
considered statistically significant.

Results
A total of 856 patients were included in this study: 818 
patients without anastomotic leakage and 38 patients with 
anastomotic leakage. Baseline characteristics, surgical 
information and calcification scores were compared 
between the anastomotic leakage group and the nonanas-
tomotic leakage group.

Baseline Characteristics
Sex, age, BMI, ASA, COPD, diabetes mellitus, smoking, 
drinking, coronary artery disease, hypertension, renal 

Table 1 Definitions of Arterial Calcification on Preoperative CT 
Images

Artery Score 
0

Score 1 Score 2

Aorta* Absent Minor calcifications: 

≤ 9 foci and ≤ 3 foci 
extending over ≥ 3 

sections

Major calcifications: 

> 9 foci and > 3 foci 
extending over ≥ 3 

sections

Celiac axis Absent Minor calcifications: 

Extending over < 3 

sections or MCSD 
of single focus ≤ 

10mm

Major calcifications: 

Extending over ≥ 3 

sections and MCSD 
of single focus ≥ 

10 mm or involving 

both the proximal 
(aortoceliac) and 

distal (hepatosplenic 

bifurcation) parts

Left 
postceliac 

arteries†

Absent ≥ 1 calcification Not applicable

Right 

postceliac 

arteries‡

Absent ≥ 1 calcification Not applicable

Notes: *Aorta defined as descending part of thoracic aorta and abdominal part of 
aorta above celiac level; † right postceliac arteries defined as common hepatic 
artery, gastroduodenal artery, and right gastroepiploic artery; ‡ left postceliac 
arteries defined as splenic artery and left gastroepiploic artery; MCSD, maximum 
cross-sectional diameter. Table was adapted with permission from van Rossum PS, 
Haverkamp L, Verkooijen HM et al Calcification of arteries supplying the gastric 
tube: a new risk factor for anastomotic leakage after esophageal surgery. Radiology. 
2015; 274(1): 124–132.13
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insufficiency and peripheral vascular disease were collected, 
and the ratio of hypertension status was found to be higher in 
the anastomotic leakage group (28.9%) than in the nonanas-
tomotic leakage group (12.5%) (p=0.011). However, there 
was no statistically significant difference between the two 
groups in terms of any other baseline parameters (Table 2).

Surgical Information
We retrospectively collected the surgical information of 
the 856 patients. No statistically significant difference was 
found in the surgical procedure, combined organ resection, 
operation time, estimated blood loss, transfusion, retrieved 
lymph nodes, type of anastomosis or TNM stage (p>0.05). 
The ratio of open gastrectomy was 15.8% in the anasto-
motic leakage group and 4.8% in the nonanastomotic 
leakage group, which had statistically significantly higher 
anastomotic leakage rates than those treated with 
a laparoscopic gastrectomy (p=0.012). The anastomotic 
leakage group (27.4 ± 17.0 days) had a longer postopera-
tive length of stay than the nonanastomotic leakage group 
(11.4 ± 5.4 days) (p=0.000) (Table 3).

Calcification Score of Patients with/ 
without Anastomotic Leakage
Calcification was calculated between the anastomotic leak-
age group and the nonanastomotic leakage group. The 
ratio of the aorta score 0 in the anastomotic leakage 
group was 42.1% versus 68.3% in the nonanastomotic 
leakage group, and the ratio of the celiac axis score 0 in 
the anastomotic leakage group was 68.4% versus 81.2% in 
the nonanastomotic leakage group. The aorta calcification 
(p=0.000) and celiac axis calcification (p=0.000) scores 
were higher in the anastomotic leakage group than in the 
nonanastomotic leakage group. However, there was no 
statistically significant difference between the two groups 
in terms of the left or right postceliac artery calcification 
score (p>0.05) (Table 4).

Multivariate Logistic Regression Analysis 
Revealed Independent Factors Associated 
with Anastomotic Leakage
Multivariate analysis was used to identify predictors of 
anastomotic leakage. In multivariate analysis, there were 

Figure 2 Examples of calcification on preoperative CT images in patients with gastric cancer. (A) Image showing the descending aorta with a plaque and calcified foci 
(arrow). (B) Image showing calcification of the celiac axis (arrow). (C) Image showing calcification of the splenic artery (arrow). (D) Image showing calcification of the 
common hepatic artery (arrow). A calcification score of 1 was assigned to the above four images.
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no statistically significant differences in terms of age, 
BMI, surgical approach, hypertension or celiac axis calci-
fication (p>0.05). Aorta calcification (p=0.029, odds ratio 
=2.425, 95% CI=1.095–5.491) was the only predictor of 
the anastomotic leakage (Table 5).

Discussion
In this study, the rate of hypertension, open gastrectomy, 
postoperative length of stay, aortic calcification score and 

celiac axis calcification score were higher in the anasto-
motic leakage group than in the nonanastomotic leakage 
group. In multivariate analysis, aortic calcification was an 
independent predictor of the anastomotic leakage.

To our knowledge, this is the first study to analyze the 
relationship between aortic calcification and anastomotic 
leakage after gastrectomy in patients with gastric cancer.

Anastomotic leakage is a serious complication after 
gastrectomy in patients with gastric cancer. With the 

Table 2 Baseline Characteristics

Characteristics Anastomotic Leakage (n=38) Nonanastomotic Leakage (n=818) P value

Sex 0.537
Male 30 601

Female 8 217

Age (year) 62.6 ± 9.8 59.2 ± 10.7 0.053

BMI (kg/m2) 23.0 ± 3.7 22.2 ± 3.1 0.114

ASA 0.343
1 32 677

2 6 102

3 0 39

COPD 1.000

Yes 0 17
No 38 801

Diabetes mellitus 1.000
Yes 2 45

No 36 773

Smoking 0.512

Yes 22 427

No 16 391

Drinking 0.867

Yes 21 469
No 17 349

Coronary artery disease 0.356
Yes 2 26

No 36 792

Hypertension 0.011*

Yes 11 102

No 27 716

Renal insufficiency 1.000

Yes 0 4
No 38 814

Peripheral vascular disease 1.000
Yes 0 9

No 38 809

Notes: Variables are expressed as the mean ± SD, *P-value <0.05. 
Abbreviations: BMI, body mass index; ASA, the American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.
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application of new surgical equipment and improvements 
in perioperative management, the incidence of complica-
tions has been reduced;18 however, anastomotic leakage 
after gastrectomy for gastric cancer is still an important 
problem.19

Anastomotic leakage is also an important cause of 
postoperative abdominal infections, abscesses, abdominal 
bleeding and mortality.20 Improper management of anasto-
motic leakage might increase the risk of death, prolong 
hospitalization, increase hospitalization costs and even 
affect long-term survival.21 According to previous reports, 
there were several risk factors related to anastomotic leak-
age, including age, sex, smoking, malnutrition, operation 
time, tumor location, tumor stage, diabetes, and renal 
failure.22,23 However, in the present study, despite the 

baseline information and surgical information, aorta calci-
fication is an independent risk factor for anastomotic 
leakage.

The scoring system for calcification evaluated in this 
study was modified according to previous studies. 
Previous studies demonstrated that aortic calcification 
was an independent risk factor for esophageal and rectal 
cancer surgery. In this study, we found that aorta calcifica-
tion was an independent risk factor for anastomotic leak-
age, but celiac axis calcification, left postceliac artery 
calcification and right postceliac artery calcification were 
not independent risk factors. Our findings indicated that 
aortic calcification rather than calcification of smaller 
blood vessels (celiac axis calcification, left postceliac 
artery and right postceliac artery calcification) significantly 

Table 3 Surgical Information

Characteristics Anastomotic Leakage (n=38) Nonanastomotic Leakage (n=818) P value

Approach 0.012*
Open 6 39

Laparoscopic 32 779

Procedure 0.523

Total gastrectomy 8 210

Subtotal gastrectomy 30 608

Combined organ resection 1.000

Yes 0 20
No 38 798

Operation time (minutes) 210.3 ± 65.3 219.5 ± 64.0 0.387

Estimated blood loss (mL) 123.2 ± 89.9 167.0 ± 377.2 0.475

Transfusion 0.765

Yes 2 76

No 36 742

Retrieved lymph nodes 22.3 ± 9.7 22.1 ± 9.6 0.853

Type of anastomosis 0.321

B-I 22 374

B-II 6 187
R-Y 10 257

TNM stage 0.518
I 15 240

II 5 144

III 18 424
IV 0 10

Postoperative length of stay (day) 27.4 ± 17.0 11.4 ± 5.4 0.000*

Notes: Variables are expressed as the mean ± SD, *P-value <0.05. 
Abbreviations: B-I, Billroth I reconstruction; B-II, Billroth II reconstruction; R-Y, Roux-en-Y reconstruction; TNM, tumor-node-metastasis.
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increased the risk of anastomotic leakage, which suggested 
that generalized vascular disease was more likely to con-
tribute to the risk of anastomotic leakage rather than local 
vascular disease.

Aortic calcification is associated with many typical 
cardiovascular risk factors, and these factors, including 
age, diabetes, peripheral vascular disease and renal insuf-
ficiency, are also related to anastomotic leakage.22 In the 
current study, however, these cardiovascular complications 
were not significantly related to anastomotic leakage. 
Therefore, aortic calcification might help to identify high- 

risk patients who have not been diagnosed with these 
typical cardiovascular risk factors.24,25

Theoretically, adequate visceral blood perfusion is 
essential for the safe healing of anastomosis.26 

A reduction in visceral blood perfusion might lead to 
ischemia of the anastomosis, delayed healing and anasto-
motic leakage. Surgeons usually confirm the anastomosis 
by examining the intestinal color. Good peristalsis, the 
presence of intestinal wall bleeding and vascular pulsation 
during the reconstruction process might represent adequate 
visceral blood perfusion. However, a study suggested that 
the intraoperative empirical evaluation by surgeons was 
relatively subjective and unreliable because of a low sen-
sitivity and specificity.27 To evaluate intraoperative visc-
eral perfusion, microperfusion evaluation techniques such 
as laser Doppler flowmetry, CT angiography of the abdo-
men or indocyanine green fluorescence angiography are 
necessary.28 Perioperative interventions, including physi-
cal therapy to increase cardiopulmonary function, 
enhanced nutritional supplementation to improve nutri-
tional status, smoking cessation, reduced blood sugar fluc-
tuations and blood pressure control, might be necessary to 
reduce the risk of anastomotic leakage in high-risk 
patients.

Therefore, for patients with high-risk factors, including 
advanced age, diabetes mellitus, hypertension, high blood 
lipids, aortic stenosis, aortic atherosclerosis and peripheral 
vascular disease, surgeons should pay more attention to 
artery calcification from preoperative CT and be alert to 
postoperative complications related to anastomotic leakage.

This study has certain limitations. First, this was 
a retrospective study, with a relatively small sample size 
(38 patients) of anastomotic leakage patients. Second, 
aortic calcification may be a marker reflecting athero-
sclerosis and impaired perfusion, and there are more spe-
cific methods to determine the degree of vascular disease 
and local perfusion, such as Doppler flowmetry or CT 
angiography. Therefore, large samples, multicenter clinical 
trials, and more specific local perfusion methods are 
required for further investigation.

Conclusion
The aorta calcification and celiac axis calcification scores 
were higher in the anastomotic leakage group than in the 
nonanastomotic leakage group. Aorta calcification is an 
independent risk factor for the anastomotic leakage after 
gastrectomy in gastric cancer patients.

Table 4 Calcification Score of Patients with/without 
Anastomotic Leakage

Artery Anastomotic 
Leakage (n=38)

Nonanastomotic 
Leakage (n=818)

P value

Aorta 0.000*

0 16 559
1 19 182

2 3 77

Celiac axis

0 26 664 0.000*
1 12 154

2 0 0

Left 

postceliac 

arteries

0.541

0 37 802

1 1 16

Right 

postceliac 

arteries

0.422

0 37 807

1 1 11

Note: *P-value <0.05.

Table 5 Multivariate Logistic Regression Analysis Revealed 
Independent Factors Associated with Anastomotic Leakage

Variable OR 95% CI P value

Aorta calcification (1 and 2 VS 0) 2.425 1.095–5.491 0.029*

Celiac axis calcification (1 VS 0) 1.024 0.443–2.365 0.956

Hypertension (yes VS no) 1.511 0.657–3.476 0.331
Surgical approach (open VS 

laparoscopic)

2.672 0.985–7.244 0.053

Age 1.005 0.968–1.043 0.799
BMI 1.075 0.971–1.190 0.166

Note: *P-value <0.05.
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