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Background: Multiphase contrast-enhanced computed tomography (CECT) can reveal the location, 
morphology, size, and enhancement pattern of gastric cancer (GC), whereas the three-dimensional 
reconstruction (3DR) technique can better display the relationships of the lesions with surrounding 
structures, the feeding vessels, and lymph node metastasis. Here, we investigated the value of multi-phase 
CECT with 3DR in detecting depth of infiltration, lymph node metastasis, and extramural vascular invasion 
(EMVI) of GC. 
Methods: The clinical and imaging data of 132 GC patients admitted to the Chongqing Hospital of 
Traditional Chinese Medicine and the Third Affiliated Hospital of Chongqing Medical University during 
the period from January 2012 to October 2019 were collected. All patients received plain and multiphase 
contrast-enhanced CT scans. The agreement between the results of preoperative CT evaluation and the 
surgical/pathological findings was compared. 
Results: (I) CT findings of GC of 3 differentiation levels: on the multiphase CECT, the peak enhancement 
percentage was highest in the portal venous phase. The CT values significantly differed among the arterial, 
portal venous, and equilibrium phases (P<0.05); the differences in the arterial, portal venous, and equilibrium 
phases were statistically significant among the well-, moderately, and poorly differentiated groups (all P<0.05); 
finally, the difference in the equilibrium phase was statistically significant between the well- and moderately 
differentiated groups (P<0.05). (II) Preoperative CT and postoperative pathology had good consistency 
in T staging (Kappa =0.667). (III) The Kappa values between the preoperative CT-diagnosed lymph node 
metastasis and postoperative pathologically showing an increasing consistency with the increase of CT 
enhancement differences. (IV) Preoperative CT and postoperative pathology had good consistency in N 
staging (Kappa =0.779). (V) Preoperative CT in displaying arterial supply to the stomach. The rate of positive 
EMVI was 32.6% (43/132) on preoperative CT. The positive EMVI diagnosed by preoperative CT was 
correlated with tumor size, growth pattern, tissue differentiation degree, T stage, and N stage (all P<0.05). 
Conclusions: Multiphase CECT combined with 3DR has high diagnostic performance in detecting the 
depth of infiltration, lymph node metastasis, and EMVI of GC.
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Introduction 

Gastric  cancer (GC) is  one of  the most common 
gastrointestinal malignancies, and most GC patients present 
with advanced disease. Thus, early diagnosis and accurate 
preoperative staging are particularly important for GC 
(1,2). With the evolution of computed tomography (CT) 
techniques, multiphase contrast-enhanced CT (CECT) 
and three-dimensional reconstruction (3DT) can be used 
to evaluate the size, morphology, and infiltration depth of 
GC lesions; also, these tools can facilitate the preoperative 
assessment of the blood supply and lymph node metastasis 
of GC (3-5). Here, we retrospectively investigated the value 
of multi-phase CECT with 3DR in detecting depth of 
infiltration, lymph node metastasis, and extramural vascular 
invasion (EMVI) of GC in 132 GC patients who were 
treated in our center from January 2012 to October 2019.

We present the study in accordance with the STARD 
reporting checklist (available at https://dx.doi.org/10.21037/
jgo-21-276).

Methods

General data

The clinical and imaging data of 132 GC patients, including 
79 males and 53 females aged 41–83 years, (mean ± SD: 
62.0±12.5 years) admitted to the Chongqing Hospital of 
Traditional Chinese Medicine and the Third Affiliated 
Hospital of Chongqing Medical University during 
the period from January 2012 to October 2019, were 
retrospectively collected. According to the location, these 
tumors included carcinoma of cardia or fundus of stomach 
(n=45), gastric body carcinoma (n=32), gastric antrum 
cancer (n=50), and diffuse lesions; according to the types, 
there were 109 cases of gastric adenocarcinoma, 6 cases 
of adenosquamous carcinoma, 9 cases of signet-ring cell 
carcinoma, and 8 cases of undifferentiated carcinoma. In 
terms of metastasis, 76 cases had lymph node metastasis and 
56 had no metastasis.

Case inclusion and exclusion criteria

The inclusion criteria were as follows: (I) presence of gastric 

lesion(s) on gastroscopy; (II) pathological confirmation of 
the diagnosis of GC; (III) naive to neoadjuvant radiotherapy 
or chemotherapy before surgery; (IV) without a previous 
history of lymph node swelling caused by conditions such as 
lymph node tuberculosis, lymphoma, or Castleman disease; 
and (V) having undergone multiphase CECT and with 
complete thin-layer scan data.
The exclusion criteria included the following: (I) with poor 
gastric filling, inability to cooperate with the examination, 
or incomplete imaging information; (II) with iodine allergy 
or other contraindications; and (III) having received 
radiotherapy before the operation.

All the subjects signed informed consent for the scan 
with contrast-enhancement. This retrospective study 
was approved by the medical ethics committees of the 
Chongqing Hospital of Traditional Chinese Medicine 
and the Third Affiliated Hospital of Chongqing Medical 
University. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). 

Study methods

CT examination
GC patients underwent plain scan and arterial phase, portal 
venous phase, and equilibrium phase CECT with a GE 64-
row 128-slice spiral CT scanners (GE Healthcare, USA).

Patients fasted for 6–8 hours. Then, 20 minutes before 
the examination, they were intramuscularly injected with 
scopolamine 20 mg and drank 800–1,000 mL of warm 
water. Patients were placed in the supine position, and 
scanned in the area from the diaphragmatic dome to the 
pubic symphysis. The scanning parameters were as follows: 
tube voltage 120 kV, tube current 250 mA, layer thickness 
and layer spacing 5 mm, and reconstructed layer thickness 
0.625 mm. The contrast agent (iohexol, 350 mgI/mL) 
was injected by inserting a high-pressure syringe (Ulrich 
Medical, Germany) in the median elbow vein at a flow rate 
of 3.5–4.0 mL/s. The dosage was 1.2 mL/kg, and included 
30 ml of saline. Data acquisition was triggered using the 
bolus tracking technique, with the region of interest being 
abdominal aorta just below the diaphragmatic dome and 
the trigger threshold level being set to the CT value of 
150 HU. The portal venous phase and equilibrium phase 
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scanning was performed at 30 seconds and 2.5–3.5 minutes, 
respectively, after arterial phase scanning.

For image processing, the arterial and portal venous 
phase images were reconstructed at 0.625-mm intervals and 
then sent to the workstation (ADW 4.3, GE Healthcare). 
Coronal and sagittal images were reconstructed with a 
3-mm slice thickness. Based on the computer tomography 
angiography (CTA) results, the gastric and perigastric 
vessels in the arterial phase were reconstructed using 
volume rendering (VR) and maximum intensity projection 
(MIP). MIP was used to reconstruct the peripheral veins of 
the gastric wall for the portal venous phase images. For data 
analysis, 2 senior radiologists and 1 gastrointestinal surgeon 
reviewed the images (including the original axial images and 
reconstructed images).

Observation indicators and diagnostic criteria

Tumors were staged according to the American Journal 
of Cancer Consortium (AJCC) Staging Manual, Eighth 
Edition (6,7).

T staging of GC by CT
The location, size, morphology, and infiltration depth of 
the lesion were observed and measured. The CT value of 
each phase was measured, and the location and size of the 
region of interest drawn in each phase were as consistent as 
possible, with efforts being made to avoid the blood vessels 
and necrotic areas visible to the naked eye. According to 
the postoperative pathology, the lesions were divided into a 
well-differentiated group, moderately differentiated group, 
and poorly differentiated group. 

The criteria for T staging were as follows: T0 = no 
thickening of the and no abnormally enhanced area; T1 = 
tumor invasion of the mucosa or submucosa only of >5 mm 
on the local gastric wall, with even or uneven enhancement 
in local gastric wall; T2 = tumor invasion of the muscular 
layer and/or subserous layer without involving the serous 
layer of >5 mm on the local gastric wall, with the lesion 
being slightly, moderately, or obviously enhanced on 
CECT, and a smooth serous surface layer being present; 
T3 = tumor invasion of the serous layer without invasion 
of the surrounding structures of >5 mm on the local 
gastric wall, with the gastric wall having abnormal local 
morphology, and the lesion being obviously enhanced on 
CECT; and T4 = tumor invasion of the surrounding tissues 
and adjacent organs, with disappearance of the serous 
surface structures, the lesion being poorly demarcated 

from the surrounding tissues, and organs obviously 
enhanced on CECT.

N staging of GC based on lymph node metastasis on 
CT
The location, size, maximum and minimum diameters 
of lymph nodes, and CT values in each phase were 
measured. The region of interest location and size circled 
in each phase were maintained as consistently as possible, 
and the CT enhancement differences in each phase 
were calculated. According to the literature (8), the CT 
enhancement difference value was calculated as follows: 
value = maximum enhancement CT value on CECT – CT 
value on plain scan. Patients were divide into 3 groups: the 
≥30 Hu group, the ≥60 Hu group, and the ≥90 Hu group. 
Metastatic lymph nodes were identified by short diameter 
>5 mm or short-long diameter ratio ≥0.7, moderately or 
obviously enhanced lymph nodes on CECT, and low-
density necrotic areas in the central area of lymph nodes 
on CECT.

The criteria for N staging were as follows: Nx = the 
regional lymph nodes cannot be evaluated; N1: the cancer 
has spread to 1–6 lymph nodes; N2 = the cancer has spread 
to 7–15 lymph nodes; and N3 = the cancer has spread to >15 
lymph nodes.

Tumor invasion to the stomach-feeding arteries and 
the extramural vessels
The invasion to the stomach-feeding arteries and the 
extramural vessels was observed; the invasion to gastric 
arteries was also observed with the application of multiplanar 
reconstruction (MPR), VR, and MIP techniques in the 
arterial stage; EMVI was mainly observed on the MPR and 
MIP images in the portal venous stage and scored by using 
previously published scoring criteria (9); i.e., a score of 0–2 
indicated EMVI negative and a score of 3–4 indicated EMVI 
positive.

Statistical analysis

Data were processed and analyzed in SPSS 21.0 software 
package (IBM Corp., USA). The normally distributed 
measurement data are presented using mean ± SD and 
nonnormally distributed measurement data as M±Q. The 
numeration data are presented as numbers and percentages. 
The agreement between preoperative CT assessment and 
postoperative pathological findings (T stage, N stage, and 
metastatic status of GC) was determined by the Kappa 
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statistic (generally, Kappa values <0.4, 0.4–0.75, and >0.75 
are considered as poor agreement, good agreement, and 
good agreement, respectively). The comparison of CT 
values reflecting the differentiation degree of GC among 
the 3 groups was determined by analysis of variance 
(ANOVA), and further intragroup pairwise comparisons 
were based on the least significant difference (LSD) t test. 
Correlations between EMVI positivity and relevant clinical 
indicators were analyzed by using chi-square test. A P value 
of <0.05 was considered significantly different.

Results

CT findings of GC with 3 different differentiation degrees

The 132 cases of GC were classified according to the 
degree of differentiation, with 28 cases (21.2%) in the well-
differentiated group, 59 cases (44.7%) in the moderately 
differentiated group, and 45 cases (34.1%) in the poorly 
differentiated group. The lesions were characterized by 
homogeneously or heterogeneously enhanced single- or 
multi-layer masses, and their peak enhancement values 
occurred in the arterial phase in 12 cases (9.1%), in the portal 
venous phase in 73 cases (55.3%), and in the equilibrium 
phase in 47 cases (35.6%) (Figures 1,2). In the comparisons 
among 3 groups of differentiation degree on plain CT or 
CECT, there was no statistically significant difference in CT 
values among the 3 groups in the plain phase (P>0.05); the 
CT values significantly differed among the arterial, portal 
venous, and equilibrium phases (P<0.05); the differences 
in the arterial, portal venous, and equilibrium phases were 
statistically significant among the highly, moderately, and 
poorly differentiated groups (all P<0.05); finally, the CT 
values were not significantly different in the arterial and 
portal venous phases between the highly and moderately 
differentiated groups (both P>0.05) but significantly differed 
in the equilibrium phase (P<0.05; Table 1).

Comparison between preoperative CT findings and 
postoperative pathological T staging results

Among these 132 GC patients, the overall accuracy of 
preoperative CT-based T staging was 75.8% (100/132). 
More specifically, preoperative CT identified 15 cases of 
T1, and postoperative pathology confirmed 19 cases of T1, 
among which 6 cases were overestimated as in T2 stage; 
preoperative CT identified 33 cases of T2 and postoperative 
pathology confirmed 34 cases of T2, among which 8 cases 

were overestimated as in T3 stage and 2 cases were 
underestimated as in T1 stage; preoperative CT identified 
45 cases of T3 and postoperative pathology confirmed  
39 cases of T3, among which 6 cases were overestimated as in 
T4 stage and 3 cases were underestimated as in T2 stage; and 
preoperative CT identified 39 cases of T4 and postoperative 
pathology confirmed 40 cases of T4, among which 7 cases 
were underestimate as in T3 stage. Consistency between the 
preoperative CT and postoperative pathological T staging 
was average (Kappa value =0.667; P<0.05; Table 2).

CT findings of the lymph node metastasis of GC

Based on the CT diagnostic criteria, Preoperative CT 
identified 1,265 metastatic lymph nodes, while postoperative 
pathology confirmed 693 metastatic lymph nodes, yielding 
a diagnostic accuracy of 54.8% (693/1,265). With the CT 
enhancement difference values set at ≥30, 60, and 90 Hu, 
the Kappa values between the preoperative CT-diagnosed 
lymph node metastasis and postoperative pathologically 
confirmed lymph node metastasis were 0.285, 0.729, and 
0.851, respectively, showing an increasing consistency 
with the increase of CT enhancement differences; the 
consistency between preoperative and postoperative results 
was good when the difference in CT enhancement was  
≥90 Hu (Table 3, Figure 1).

Comparison between preoperative CT findings and 
postoperative pathological N staging results

Among these 132 GC patients, the overall accuracy of 
preoperative CT-based N staging was 84.8% (112/132). 
More specifically, preoperative CT identified 55 cases of 
N0 and postoperative pathology confirmed 56 cases of N0, 
among which 5 cases were overestimated as in N1 stage; 
preoperative CT identified 43 cases of N2 and postoperative 
pathology confirmed 42 cases of N2, among which  
3 cases were overestimated as in N3 stage and 4 cases were 
underestimated as in N0 stage; preoperative CT identified 
19 cases of N2 and postoperative pathology confirmed  
18 cases of N2, among which 2 cases were overestimated 
as in N3 stage and 3 cases were underestimated as in 
N1 stage; and preoperative CT identified 15 cases of 
N3 and postoperative pathology confirmed 16 cases of 
N3, among which 3 cases were underestimate as in N2 
stage. Consistency between the preoperative CT and 
postoperative pathological N staging was good (Kappa value 
=0.779; P<0.05; Table 4).
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Figure 1 Multistage contrast-enhanced CT scan and 3D reconstruction of poorly differentiated gastric adenocarcinoma. (A) A 4.8 cm × 
5.2 cm soft-tissue mass (arrow) seen in the gastric cardia, with a CT value of about 27 Hu. (B) Obvious heterogeneous enhancement seen 
in the arterial phase on CECT, with a CT value of 45–50 Hu. The serous layer is coarse (arrow), and 2 swollen lymph nodes are visible in 
the hepatogastric space (box). (C) Increased density and heterogeneous enhancement are seen in the equilibrium phase on CECT, with a 
CT value of 58–62 Hu (arrow), suggesting a CT stage of T4N3Mx. (D) Multiple tiny vessels (arrows) within the tumor are visible on the 
sagittal plane of 3D reconstruction, with unclear demarcation between the lesion and adjacent tissues. (E) Tumor invasion of blood vessels is 
visible on the coronal plane of 3D reconstruction. The involved vessels appear obviously thinner. Extramural vascular invasion (arrow) and 4 
swollen lymph nodes in retroperitoneum can also be observed. (F) VR shows unclear demarcation between tumor and blood vessels (arrow). 
(G) HE ×400, A poorly differentiated adenocarcinoma of the stomach containing signet ring cells and vascular carcinoma thrombus; cancer 
metastases can be seen in lymph nodes 14/15, 18/18, and 4/4, and the postoperative stage is T4N3Mx. CT, computed tomography; CECT, 
contrast-enhanced computed tomography; VR, volume rendering.

A B C

D E F

G

Preoperative CT visualization of arterial supply to the 
stomach

MPR, VR, and MIP were performed on the arterial phase 
images before surgery. All of them satisfactorily showed the 
gastric blood supply, and the visualization rate was 100% 
(132/132) for the indirect gastric blood supply arteries 
including the common hepatic artery, proper hepatic artery, 
splenic artery, and gastroduodenal artery. The visualization 
rates of gastric direct blood supply arteries were as follows: 

100% (132/132) for the left gastric artery, 96.2% (127/132) 
for the right gastric artery, 89.4% (118/132) for the left 
gastroepiploic artery, 80.3% (106/132) for the right 
gastroepiploic artery, 56.8% (75/132) for the posterior gastric 
artery, and 52.3% (69/132) for the short gastric artery.

Preoperative CT visualization of GC EMVI

Among 132 patients, 43 cases were revealed to be GC 
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Figure 2 Multi-stage contrast-enhanced CT scan and 3D reconstruction of moderately differentiated gastric adenocarcinoma. (A) A  
1.3 cm × 2.1 cm locally protruding soft-tissue mass (arrow) seen in the gastric antrum, with a CT value of about 26 Hu. (B) Mild 
homogeneous enhancement in the arterial phase was observed following contrast medium administration, with a CT value of about 
36 Hu (arrow). (C) Increased density and obvious homogeneous enhancement are seen in the equilibrium phase on CECT, with a CT 
value of about 50 Hu; the serous layer is still clear (arrow), and no obviously swollen lymph nodes can be seen in the neighboring tissues/
organs, suggesting a CT stage of T2N0Mx. (D) No definite tiny vessel shadow can be seen within the tumor on the sagittal plane of 3D 
reconstruction, and the demarcations (arrows) between the lesion and adjacent tissues are clear. (E) The demarcations (arrows) between 
lesion and adjacent vessels are clear on the sagittal plane of 3D reconstruction. (F) VR shows clear demarcations (arrows) between tumor 
and blood vessels. (G) HE ×400, For a case of moderately differentiated adenocarcinoma of the stomach, the cancer tissue was located within 
the mucosa and did not invade the muscular layer; there was no cancer thrombus in the vasculature, pathology did not reveal lymph node 
metastasis, and the postoperative stage was T2N0Mx. CT, computed tomography; CECT, contrast-enhanced computed tomography; VR, 
volume rendering.

EMVI positive by preoperative CT , 17 cases with a score of 
3 and 26 cases with a score of 4 (Figure 1); and 89 cases were 
revealed to be negative (39 cases with a score of 0, 34 cases 
with a score of 1, and 16 cases with a score of 2 (Figure 2). 
Further investigations on the relationships of positive 
GC EMVI on preoperative CT with the clinical data and 
T and N stages showed that the positive GC EMVI on 
preoperative CT was not significantly correlated with 
gender or age (both P>0.05), but was correlated with tumor 

size, growth pattern, and tissue differentiation (all P<0.05; 
Table 5). Positive GC EMVI status was also significantly 
correlated with both T stage and N stage (both P<0.05) 
(Table 6).

Discussion

GC is a common malignant tumor, especially in middle-
aged and elderly populations (10,11). GC progresses 
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Table 1 Comparisons of CT values of gastric cancer of different differentiation degrees on plain CT or multiphase CECT

Group
CT value (Hu)

Plain CT Arterial phase Portal venous phase Equilibrium phase

Well-differentiated group (n=28) 27.05±1.57 32.64±1.10 46.37±3.33 44.89±2.30

Moderately differentiated group (n=59) 27.14±1.36 37.06±2.19 51.35±4.93 50.12±3.64*

Poorly differentiated group (n=45) 28.17±1.53 47.21±3.88*# 62.39±4.66*# 60.02±3.61*#

F value 7.421 18.771 8.733 9.183

P value 0.084 0.006 0.017 0.000

*, P<0.05, compared with well-differentiated group; #, P<0.05, compared with the moderately differentiated group. CT, computed 
tomography; CECT, contrast-enhanced computed tomography.

Table 2 Comparison between preoperative CT findings and postoperative pathological T staging results (n=132) 

Preoperative CT
Postoperative pathology

Kappa value P value
T1 stage T2 stage T3 stage T4 stage Total

T1 stage 13 2 0 0 15 0.667 0.000

T2 stage 6 24 3 0 33

T3 stage 0 8 30 7 45

T4 stage 0 0 6 33 39

Total 19 34 39 40 132

CT, computed tomography.

Table 3 Comparison between preoperative CT enhancement difference and postoperative pathological diagnosis of metastatic lymph nodes

CT enhancement  
difference (Hu)

Number of metastatic lymph nodes (n)
Kappa value P value Sensitivity (%) Specificity (%)

Pre-operative CT Postoperative pathology

≥30 1,184 572 0.285 0.000 68.2 21.5

≥60 827 598 0.729 0.000 75.3 62.7

≥90 259 226 0.851 0.000 87.2 81.8

CT, computed tomography.

Table 4 Comparison between preoperative CT findings and postoperative pathological N staging results (n=132)

Pre-operative CT
Postoperative pathology

Kappa value P value
N0 stage N1 stage N2 stage N3 stage Total

N0 stage 51 4 0 0 55 0.779 0.000

N1 stage 5 35 3 0 43

N2 stage 0 3 13 3 19

N3 stage 0 0 2 13 15

Total 56 42 18 16 132

CT, computed tomography.
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rapidly, and thus accurate assessment of its preoperative 
stage, lymph node metastasis, and EMVI is particularly 
important for surgical planning and prognostic prediction 
(12,13). The invasion of cancer into the gastric wall can be 
clearly demonstrated with high-resolution CT. In addition, 
multiphase CECT can effectively reveal the lesions and 
show the lymph node involvements and distant metastases, 
which enables the accurate staging of GC (14-16).

It is believed that GC enhancement peaks most often 

in the portal venous phase (17,18). In our current study, 
comprehensive assessment of the differentiation degree 
of GC by multiphase CECT improved the accuracy of 
GC diagnosis; similarly, the CT enhancement differences 
among GC with 3 different differentiation degrees were 
the largest in the portal venous phase, and the observation 
was easiest at the time of peak enhancement. Further 
pairwise comparisons showed the enhancement degree 
was significantly higher in the poorly differentiated group 

Table 5 Relationships of positive GC EMVI on preoperative CT with the clinical data

Clinical data n Extramural vascular invasion of gastric cancer [n (%)] c2 value P value

Gender 0.230 0.632

Male 79 27 (34.2)

Female 53 16 (30.2)

Age (years) 0.045 0.831

≤63 57 18 (31.6)

>63 75 25 (33.3)

Tumor size (cm) 9.221 0.002

<5.0 65 13 (20.0)

≥5.0 67 30 (44.8)

Growth pattern 4.288 0.038

Distal nodular 84 22 (26.2)

Proximal nodular + diffuse 48 21 (43.8)

Degree of histological differentiation 14.466 0.001

Well differentiated 28 4 (14.3)

Moderately differentiated 59 15 (25.4)

Poorly differentiated 45 24 (53.3)

GC, gastric cancer; EMVI, extramural vascular invasion; CT, computed tomography.

Table 6 Associations of positive GC EMVI on preoperative CT with T and N stages

T stage on  
preoperative CT

n
Positive extramural vascular invasion  

of gastric cancer [n (%)]
N stage on preoperative 

CT
n

Positive extramural vascular invasion  
of gastric cancer [n (%)]

T1 stage 15 0 (0.0) N0 stage 55 11 (20.0)

T2 stage 33 0 (0.0) N1 stage 43 13 (30.2)

T3 stage 45 14 (31.1) N2 stage 19 10 (52.6)

T4 stage 39 29 (74.4) N3 stage 15 9 (60.0)

c2 value 54.235 12.684

P value 0.000 0.005

GC, gastric cancer; EMVI, extramural vascular invasion; CT, computed tomography.
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than in the well- and moderately differentiated groups 
(P<0.05), but there was no statistically significant difference 
between the well-differentiated group and the moderately 
differentiated group (P>0.05), which might be explained by 
the fact that tumor neovascularization was more abundant 
in the poorly differentiated group than in the well- and 
moderately differentiated groups. The overall accuracy of 
preoperative CT-based T staging was 75.8% (100/132), 
among which the diagnostic accuracy was the lowest for T1 
stage, which might have been due to the lesions in T1 stage 
being confined to the mucosal layer or submucosal layer, 
and the degree of enhancement being low during CECT, 
making it difficult to judge by the naked eye. Furthermore, 
poor gastric filling or overfilling during the scans might 
have also resulted in poor visualization of the layers of the 
gastric wall, which led to incorrect judgment. The accuracy 
of preoperative CT diagnosis of T2 and T3 stages gradually 
improved, and the possible explanation is that, as the 
stage increases, the gastric wall at the lesion is obviously 
thickened, resulting in higher degree of enhancement on 
CECT and easier diagnosis. The accuracy of preoperative 
CT diagnosis is the highest for T4 stage due to significant 
enhancement of the tumor, disappearance of serous layer, 
and unclear demarcation between lesion and surrounding 
tissues/organs, which makes the diagnosis much easier. 
Although the diagnostic agreement was average between 
preoperative CT and postoperative pathology for T 
staging (Kappa value: 0.667), multidirectional, multiangle 
reconstruction increased the accuracy of T staging when 
compared with single-plane observation.

Lymph node metastasis is the most common route 
of spread for GC (19). While there are still no widely 
recognized criteria for the diagnosis of lymph node 
metastasis of GC by CT (20), CT remains an important 
means to diagnose lymph node metastasis in GC patients. 
Many studies have explored the agreement of preoperative 
CT diagnosis and postoperative pathological results, 
although the results are quite controversial (21-24). Based 
on the literature (8), metastatic lymph nodes in our current 
study were identified by short diameter >5 mm or short-
long diameter ratio ≥0.7. Among the preoperative CT-
diagnosed metastatic lymph nodes, the enhancement 
difference values were ≥30, 60, and 90 Hu. The Kappa 
values between the preoperative CT-diagnosed lymph 
node metastasis and postoperative pathologically confirmed 
lymph node metastasis were 0.285, 0.729, and 0.851, 
respectively, showing an increasing consistency with the 

increase of CT enhancement differences; the consistency 
between preoperative and postoperative results was good 
when the difference in CT enhancement was ≥90 Hu. In 
addition, the overall accuracy of preoperative CT in the 
N staging of GC was 84.8% (112/132), and preoperative 
CT and postoperative pathology had good consistency in 
N staging (Kappa =0.779). Several factors might have led 
to the preoperative overestimation or underestimation of 
tumor stage. For instance, due to inflammation, the swollen 
lymph nodes had similar short diameter or enhancement 
to those of the metastatic lymph nodes, which might have 
resulted in overestimation; in contrast, some of the swollen 
lymph nodes were fused into a mass or poorly demarcated 
from the primary lesion and some of the metastatic lymph 
nodes might not have met the diagnostic criteria in terms of 
short diameter, which could have led to underestimation.

Preoperative MPR, VR, and MIP of arterial supply to the 
stomach can visualize all the indirect gastric blood supply 
arteries and most of the direct gastric blood supply arteries. 
Although some of the direct blood supply arteries are too 
small to be displayed on VR, they can be visualized on MIP 
images. Thus, the combination of VR and MIP can increase 
the visualization rate of tiny perigastric vessels. EMVI has 
been widely believed to be a route for GC metastasis along 
the neurovascular bundle (25,26). In our current study, 
the rate of positive EMVI on preoperative CT was 32.6% 
(43/132), which was quite consistent with a previous study 
(21.5% to 37.0%) (27). Moreover, the positive GC EMVI 
on preoperative CT was not significantly correlated with 
gender or age (both P>0.05) but was correlated with tumor 
size, growth pattern, and tissue differentiation (all P<0.05), 
which was consistent with the results of other relevant 
studies (9,28), in which large tumor diameter, distal nodal 
growth, and poor differentiation were associated with high 
risk of GC EMVI. In addition, a preoperative CT diagnosis 
of GC EMVI was significantly correlated with T and N 
stages (especially T4 stage and N2 and N3 stages), which also 
confirmed that GC spreads along nerves, blood vessels, and 
lymphatic vessels.

Shortcomings of this study

This retrospective analysis, (I) in the study of CT 
preoperative diagnosis of extramural vascular invasion of 
positive selection, there are higher malignant group than 
low-grade group, yes, there are significant differences 
in EMVI; (II) in this retrospective study, the molecular 
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characteristics of gastric cancer are missing, so the 
clinicopathological and molecular characteristics of gastric 
cancer are missing. The follow-up prospective studies will 
further explain this part; (III) in this retrospective study, 
we found that although many patients were diagnosed with 
gastric cancer, the resources were not complete, such as low, 
medium and high differentiation, unclear description of 
intraoperative lymph nodes, unclear invasion of extramural 
vessels, unclear duration of CT enhancement, and unable to 
reconstruct the original image. Therefore, only 132 patients 
were included, resulting in a small amount of data, Next, 
the team will carry out prospective research; (IV) at 
present, the relationship between inflammatory factors, 
immune molecules and clinicopathological characteristics 
and prognosis of gastric cancer patients has been studied 
at home and abroad, and the team will further study this 
direction in the future.

In conclusion, preoperative multiphase CECT combined 
with 3DR has high diagnostic performance in GC patients 
for the assessment of the degree of differentiation, T stage, 
and metastatic lymph nodes and for N staging. In particular, 
it has high agreement with postoperative pathology in 
detecting perigastric vascular invasion and EMVI, with 
high sensitivity and specificity. Therefore, it is a valuable 
technique for surgical planning.
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