
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​​​​t​p​:​/​/​c​r​e​​a​​​t​i​
v​e​​c​​o​​m​​m​​o​n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​​

Xue et al. BMC Medical Imaging          (2024) 24:352 
https://doi.org/10.1186/s12880-024-01530-y

BMC Medical Imaging

†Guorong Lyu and Shaohui Li contributed to the work equllly and 
should be regarded as co-corresponding authors.

*Correspondence:
Guorong Lyu
lgr_feus@sina.com
Shaohui Li
513710286@qq.com

1Department of Ultrasound, The Fujian Medical University Union Hospital, 
Fuzhou, China
2Department of Ultrasound, The Second Affiliated Hospital of Fujian 
Medical University, Quanzhou 362000, China
3Quanzhou Medical College, Quanzhou, China
4Department of Clinical Medicine, The Second Affiliated Hospital of Fujian 
Medical University, Quanzhou 362000, China

Abstract
Objective  This study explored the value of stomach ultrasound reporting and data system (Su-RADS) and two-
dimensional shear wave elastography (2D-SWE) in the diagnosis of benign and malignant lesions of the gastric wall, 
evaluating the feasibility of combining the two methods for the diagnosis of gastric wall lesions.

Methods  113 patients with gastric wall lesions were examined after oral gastric ultrasound contrast agent, and the 
grades of the gastric wall lesions were classified according to Su-RADS. Moreover, 2D-SWE was performed to measure 
the E value of the lesions. ROC curves were constructed to evaluate the diagnostic efficacy of Su-RADS, 2D-SWE and 
their combination for gastric wall lesions.

Results  The cutoff values for Emean and Emax were 8.01 kPa and 11.08 kPa, respectively. The sensitivity and 
specificity of 2D-SWE were 70.59%, 93.67% and 85.69%, 88.61%, respectively. The diagnostic sensitivity and specificity 
of Su-RADS were 91.18% and 82.28%, respectively. The AUC of combination of two methods was 0.951, which was 
greater than that of Su-RADS (0.940) or 2D-SWE alone (0.853, 0.903), and the sensitivity and specificity were 82.35% 
and 94.94%. The sensitivity and specificity of the combination of the two methods for the diagnosis of malignant 
gastric lesions were 82.35% and 94.94%, respectively. The AUC was 0.951, and the Youden index was 0.8064. The 
DeLong test was used to determine the AUC between the combination of two methods and 2D-SWE was P < 0.05.

Conclusion  Compared with Su-RADS or 2D-SWE alone, the combination of the two methods is more effective at 
diagnosing of gastric wall.And improved the specificity in the diagnosis of gastric wall lesions.
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Introduction
Gastric diseases, especially gastritis, gastric ulcers, gas-
tric polyps and gastric cancer, are common and fre-
quently encountered [1]. Among these malignancies, 
gastric cancer is one of the most common malignan-
cies, and according to data provided in the 2020 Global 
Annual Report on Cancer, gastric cancer is the fourth 
most common cause of mortality from malignancies 
[2], accounting for 7.7%; it is one of the major diseases 
endangering people’s health and a key component in the 
prevention and control of cancer [3, 4]. The prognosis of 
gastric cancer is closely related to stage, with a cure rate 
of more than 90% for early-stage gastric cancer [5, 6] and 
a 5-year survival rate of less than 30% for patients with 
advanced-stage gastric cancer, even after comprehensive 
treatment dominated by surgery [7]. Therefore, the keys 
to reducing the mortality of patients with gastric cancer 
are early detection, early diagnosis and early treatment 
[8]. The diagnosis of gastric wall lesions by contrast-
enhanced ultrasonography relies mainly on the thickness 
of the gastric wall and changes in the layer structure. The 
gastric wall is divided into the mucosa, submucosa, mus-
cularis and serosa according to its histological features. 
Contrast-enhanced ultrasonography clearly show the 
structure of the gastric wall with high and low echoes. 
The stomach ultrasound report and data system (Su-
RADS) [9] is used to grade the gastric wall and mucosal 
layer according to the thickness of the lesions in different 
parts of the stomach wall and evaluate the possibility of 
malignancy.

Ultrasonic elastography (UE) is a kind of ultrasonic 
diagnostic technique which can qualitatively describe and 
quantitatively measure the elasticity of biological tissues, 
according to the physical laws of biomechanics and elas-
ticity, the distribution of displacement, velocity and strain 
will occur in the tissue, and color-coded imaging or mea-
suring the corresponding parameters, so as to directly or 
indirectly judge the internal elastic modulus information. 
Based on physical laws such as biomechanics and elastic-
ity, elastic modulus information has been widely used in 
the evaluation of liver, breast, thyroid, musculoskeletal 
and other tissues and lesions in adults [10, 11]. In patho-
logical phenomena such as tumour transformation and 
fibrotic states, tissue changes and the elastic properties 
of elastography could theoretically be the basis for reli-
able methods for detection and quantification [12, 13]. 
Elastography has been proven to be valuable in the dif-
ferential diagnosis of some benign and malignant lesions, 
but the application of 2D-SWE(2D-shear wave elastog-
raphy) in the evaluation of benign and malignant lesions 
of the gastric wall has not been reported. The purpose 
of this study was to evaluate the value and feasibility of 
combining the gastric ultrasonography report and data 
system (Su-RADS) with two-dimensional shear wave 

elastography (2D-SWE) in the diagnosis of benign and 
malignant lesions of the gastric wall.

Data and methods
Study population and instrument
General data
Patients with suspected gastric disease who were admit-
ted to our hospital between May 2022 and September 
2022 were randomly selected by a radiologist who was 
not involved in the 2023 study. A physician performed 
an oral gastric contrast-enhanced ultrasound without 
knowing the patient’s outcome or retaining images of 
the lesion for Su-RADS classification. The same patients 
were examined with 2D-SWE by another similarly quali-
fied physician who was blinded to the outcome. The 
diagnostic criterion was gastroscopic biopsy or post-
operative pathological diagnosis of gastric disease. 
Informed consent was obtained from all patients. A total 
of 113 patients (63 males and 50 females) were enrolled 
after exclusion of patients on the basis of contraindica-
tions to the examination technique and poor image qual-
ity. The inclusion criteria were as follows: ① all patients 
accorded with the clinical features of gastric wall lesions 
and were confirmed by endoscopic biopsy or pathology 
after operation ② all the patients did not use nonsteroidal 
anti-infective drugs or received anti-tumor therapy such 
as radiotherapy, chemotherapy and immunologic agents 
③ all the patients could eat, and no upper gastrointestinal 
perforation and active massive bleeding and other exami-
nation contraindications. The exclusion criteria were: ① 
patients with severe dysfunction of heart, liver, lung and 
kidney, ② patients with upper gastrointestinal perfora-
tion and active massive hemorrhage, ③ patients with gas-
tric hyperperistalsis and ascites, ④ patients with other 
malignant tumor except gastric tumor, ⑤ to examine 
the technical contraindications in this study, ⑥ patients 
with cognitive impairment and psychosis.These patients 
included 34 patients with malignant gastric wall lesions 
(33 patients with gastric cancer and 1 patient with gas-
tric lymphoma) and 79 patients with benign gastric wall 
lesions (32 patients with gastritis, 8 patients with gastric 
stromal tumours, and 12 patients with gastric ulcers). 
The selection process is shown in Fig. 1.

Instruments and methods
The ultrasonic detector consisted of a Mindray Resona 
I9s (Mindray Biomedical Electronics Co., Ltd., Shen-
zhen, China), an SC6-1  S convex array probe (fre-
quency 2.0–6.0  MHz) and an L9-3  S linear array probe 
(9  MHz). The contrast agent used was “gastrointestinal 
filling ultrasound contrast agent” [F JFCM production Xu 
20210012, Yanbian Junyi Medical Technology Co., Ltd. ] 
(500 ∼ 600 ml).
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Contrast-enhanced ultrasonography and Su-RADS grading
The patients fasted for 8  h before the examination. The 
patient was instructed to ingest a “gastrointestinal fill-
ing ultrasound contrast agent” [FJMC production Xu 
20210012, Yanbian Junyi Medical Technology Co., Ltd. 
] (500 ∼ 600  ml) for ultrasound examination. During 
the operation, the examiner observed the gastric wall 
of the patient; if the findings were positive, the location 
and local magnification of the lesion were determined, 
and the characteristics of the sonogram were carefully 
observed. The thickness of the gastric mucosa or wall was 
measured. The classification was based on the criteria for 
determining the gastric wall mucosa or wall thickness 
at different sites in the gastric ultrasound reporting and 
data system (Su-RADS) as shown in Table 1. Category 1 
is regarded as normal, categories 2–4 have the possibil-
ity of mild, moderate or severe malignancy, respectively, 
while Category 5 suggests a very high probability of 
malignancy.

2D-SWE
The focus was placed in the image centre, the instru-
ment was adjusted to 2D-SWE mode, and the receiver 

of interest (ROI) sampling frame was placed in the focus 
area so that the direction of the sound beam was perpen-
dicular to the long axis of the focus. The SWE values of 
the lesions were measured 3 or more times, the depth 
was confirmed as being no more than 8.0  cm, and the 
mean values were obtained.

Statistical analysis
SPSS26.0 statistical software was used for the data analy-
sis. The measurement data are expressed as the mean 
plus or minus the standard deviation. The normality of 
the data was tested by the Shapiro‒Wilk method. For 
comparing between two groups, two independent sam-
ple t tests were used when the data were normally dis-
tributed, the rank-sum test was used when the data were 
not normally distributed, and the rank-sum test was 
used for one-way ordered hierarchical data. The receiver 
operating characteristic (ROC) curve, Su-RADS grade 
cutoff(Category 3), sensitivity, specificity, positive likeli-
hood ratio, negative likelihood ratio, 2D-SWE Emean and 
Emax cutoff (8.01 kPa and 11.08 kPa), and negative likeli-
hood ratio were obtained. The McNemar test was used to 
compare the two methods, and the Delong test was used 

Fig. 1  Flow chart of patient enrolment
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to compare the area under the ROC curve. P < 0.05 was 
considered indicative of a significant difference.

Results
Su-RADS diagnostic efficacy analysis
The Su-RADS classification of 113 patients with gastric 
wall lesions revealed that the malignant rates in cat-
egories 1 to 5 were 0.0%, 0.0%, 12.0%, 40.0% and 92.0%, 
respectively. The higher the category, the greater the 
probability of malignancy (Table  2; Fig.  2). The area 
under the ROC curve was 0.929, the diagnostic sensitiv-
ity and specificity were 91.18% and 82.28%, respectively, 
the Youden index was 0.735, the AUC was 0.940, the pos-
itive predictive value was 68.89%, and the negative pre-
dictive value was 95.59%.The specificity of Su-RADS and 
2D-SWE was 82.28 and 94.94.McNemar test showed that 
the specificity of Su-RADS combined with 2D-SWE was 
higher than that of Su-RADS alone (p < 0.05), indicating 
that the combination of the two methods can improve 
the specificity in the diagnosis of gastric wall lesions.

2D-SWE diagnostic efficacy analysis
The Emean and Emax were significantly greater for 
malignant lesions than for benign lesions (p < 0.05). See 
Fig. 3; Table 3. The mean values were 7.88 ± 3.74 kPa and 
19.39 ± 7.54  kPa and 5.17 ± 1.86  kPa and 9.62 ± 3.83  kPa, 
respectively. The cutoff values of Emean and Emax 
(8.01 kPa and 11.08 kPa) could differentiate benign from 
malignant gastric wall lesions (AUC, sensitivity and 
specificity were 0.853, 70.59%, 93.67% and 0.903, 85.3%, 
88.6%, respectively).

The diagnostic efficacy of Su-RADS combined with 2D-SWE
The sensitivity and specificity of Su-RADS combined 
with 2D-SWE were 82.35% and 94.94%, respectively; the 
area under the ROC curve was 0.951, and the Youden 
index was 0.8064. The results of the DeLong test showed 
that Su-RADS combined with 2D-SWE had good 
diagnostic efficacy. Compared with those of 2D-SWE 
(Emean) and 2D-SWE (Emax), the area under the curve 
(AUC) of Su-RADS combined with 2D-SWE was P < 0.05. 
Both 2D-SWE (Emean) and Su-RADS combined with 
2D-SWE exhibited greater specificity than Su-RADS 
alone (p < 0.05) (Table 4; Fig. 4).

Discussion
This study investigated the efficacy of Su-RADS in the 
diagnosis of benign and malignant lesions of the gastric 
wall and the benefit of 2D-SWE in the diagnosis of benign 
and malignant lesions of the gastric wall by transabdomi-
nal ultrasound. Our results showed that the use of a Su-
RADS score greater than Category 3 as a criterion for 
malignancy had good diagnostic value. Using 2D-SWE, 
we found that the Emean and Emax were significantly Ta
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greater in the malignant group than in the benign group. 
In addition, the diagnostic efficacy of 2D-SWE com-
bined with Su-RADS was greater than that of Su-RADS 
or 2D-SWE alone, rendering the combination useful for 

distinguishing benign lesions from malignant lesions of 
the gastric wall.

Value of the Su-RADS grade in the diagnosis of gastric wall 
lesions
Gastric cancer and precancerous lesions of the stom-
ach usually present as thickenings of the gastric wall 
and are important signs that are directly and objectively 
detected via routine ultrasonography [14–16]. Confined 
to the mucosa and submucosa is early gastric cancer, and 
beyond the submucosa is advanced gastric cancer. The 
superficial ulcer depression layer is limited to the mucosa 
layer, and the deep ulcer reaches the muscular layer or 
the serosa layer, and even penetrates the serosa. Benign 
gastric ulcer is characterized by local thickening of gas-
tric wall, central mucosal collapse and depression, muco-
sal depression with regular shape and flat bottom The 
gastric ulcer type of gastric cancer is characterized by the 
local thickening of the gastric wall, the level of confusion, 
the mucosal surface appeared a huge depression, concave 
bottom rough.Previously, the normal value of gastric wall 
thickness in different parts of the stomach was not stan-
dardized. In 2018, Liu et al. [9] first proposed the estab-
lishment of the gastric ultrasound reporting and data 
system (Su-RADS) based on the thickness of the gas-
tric wall and mucosa layer. A total of 2738 patients were 
examined via endoscopy and oral contrast-enhanced 
ultrasound (OCUS). The lesions were classified into 5 

Table 2  Su-RADS classification of 113 patients with gastric wall lesions
Cases Su-RADS Category 1 Su-RADS Category 2 Su-RADS Category 3 Su-RADS Category 4 Su-RADS Category 5

Benign 79 14 29 22 12 2
Malignant 34 0 0 3 8 23

Table 3  Thirteen patients with gastric wall lesions were examined by 2D-SWE
Cases Emean average value(kPa) Emax average value(kPa) Emean cut off value(kPa) Emax cut off value(kPa)

benign 79 5.17 ± 1.86 9.62 ± 3.83 8.01 11.08
malignant 34 7.88 ± 3.74 19.39 ± 7.54

Fig. 3  2D-SWE sonogram of gastric wall disease
Panel A shows a 2D-SWE image of gastric cancer; the Emean was 10.74 kPa, and the Emax was 31.57 kPa; panel B shows a 2D-SWE image of a gastric 
stromal tumour; the Emean was 5.68 kPa, and the Emax was 15.47 kPa

 

Fig. 2  Su-RADS classification of gastric wall disease
Su-RADS category 5: malignant tumour; the thickness of the gastric wall 
was 19.3  mm; the pathological diagnosis via gastroscopy was gastric 
cancer
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categories according to the thickness of the gastric wall 
and mucosa layer. Category 1 was considered normal, 
categories 2–4 were considered to indicate the possibility 
of mild, moderate or severe malignancy, Category 5 was 
considered to indicate a very high probability of malig-
nancy, and further gastroscopy was recommended for 
Category 3. One of the advantages of this classification is 
that the thickness of the gastric wall in different parts is 

uniform, and the thickness of the mucosa is not affected 
by the thickness of the gastric wall in different parts. 
The diagnostic sensitivity and specificity were 95.1% and 
78.6%, respectively. However, there was a lack of external 
validation.

In our study, patients with gastric wall lesions were 
classified according to Su-RADS, and the malignancy 
rates in patients in the 1st-5th categories were 0.0%, 0.0%, 

Table 4  Efficacy of Su-RADS combined with 2D-SWE in the diagnosis of malignant lesions in the gastric wall
Method Sensitivity(%) Specificity(%) Positive predic-

tive value(%)
Negative pre-
dictive value(%)

Youden index AUC(95% 
CI)

Su-RADS 91.18 82.28 68.89 95.59 0.7345 0.940(0.879, 
0.976)

2D-SWE (Emean) 70.59 93.67* 82.76 88.10 0.5601 0.853*(0.774, 
0.913)

2D-SWE (Emax) 85.29 88.61 76.32 93.33 0.6807 0.903(0.833, 
0.951)

Su-RADS combined with 
2D-SWE

82.35 94.94* 87.50 92.59 0.8064 0.951#@
(0.890, 
0.981)

χ2 5.262 8.623 4.270 3.208 ------- -------
P 0.154 0.035 0.234 0.361 ------- -------
Note: *compared to Su-RADS, P < 0.05; #compared to 2D-SWE (Emean), P < 0.05; @compared to 2D-SWE (Emax), P < 0.05

Fig. 4  The ROC curves of Su-RADS and 2D-SWE and their combination in the diagnosis of gastric cancer
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12.0%, 40.0% and 92.0%, respectively; thus, results were 
similar. In this study, the diagnostic sensitivity and speci-
ficity were 91.18% and 82.28%, respectively, when > Cat-
egory 3 was used as the criterion for malignancy, similar 
to that for > Category 2. The reasons for these differences 
may be that only 113 patients were included in this study 
and that the inclusion criteria were different according 
to the quality of the ultrasound diagnostic instrument. 
However, the classification of gastric wall lesions based 
on Su-RADS has good diagnostic efficacy in differenti-
ating benign lesions from malignant gastric wall lesions. 
The classification not only standardized the diagnos-
tic criteria for gastric wall lesions by contrast-enhanced 
ultrasonography but also provided a reference for further 
clinical diagnosis and treatment.

Differential diagnosis of benign and malignant lesions of 
the gastric wall by 2D-SWE
According to the European Federation of Ultrasound 
Medicine and Biology Guidelines for the Clinical Appli-
cation of Ultrasound Elastography [17], ultrasound 
elastography methods can be divided into three broad 
categories according to imaging principles and modali-
ties: one is static strain imaging techniques, the second 
is the quasistatic method used to induce tissue defor-
mation/strain, and the third is the strain distribution 
in the region of interest (ROI), revealed by measuring 
the degree of change. The second is the use of acoustic 
radiation force pulse elastic imaging technology, which 
involves the use of acoustic energy mechanical excita-
tion, in the organization of a local small range of exci-
tation. The third method is shear wave imaging, which 
includes instantaneous elastic imaging, single-point 
shear wave elastic imaging and multidimensional shear 
wave imaging.

Several studies have shown that elastography has good 
value in the diagnosis of gastric wall lesions. Regarding 
the application of strain imaging to gastric wall lesions, 
Akbulut et al. [18] used this technique in the differential 
diagnosis of Helicobacter pylori gastritis and non-Heli-
cobacter gastritis in children and reported that the AUC 
was 0.873, indicating that this technique had good diag-
nostic value. Similarly, for neoplastic disease, two case 
reports described strain elastography features of gastric 
cancer and gastrointestinal stromal tumours, respec-
tively, with increased stiffness in both lesions [19, 20]. In 
addition, ARFI has been used in the diagnosis of benign 
and malignant lesions of the gastric wall with a sensitivity 
of 81.8 ∼ 87.9% and a specificity of 81.8 ∼ 92.3% [21, 22].

The value of the 2D-SWE technique in the evalua-
tion of benign and malignant gastric wall lesions has not 
been previously reported. The mean values of Emean and 
Emax were 7.88 ± 3.74  kPa and 19.39 ± 7.54  kPa, respec-
tively, for malignant lesions and 5.17 ± 1.86  kPa and 

9.62 ± 3.83 kPa, respectively, for benign lesions. Similarly, 
the E value of malignant lesions was significantly greater 
than that of benign lesions. Using 8.01 kPa and 11.08 kPa 
as the cutoff values for Emean and Emax, respectively, 
for differentiating benign lesions from malignant lesions 
of the gastric wall (the area under the curve (AUC), sen-
sitivity and specificity were 0.853, 70.59%, and 93.67%, 
respectively, and 0.903, 85.3%, and 88.6%, respectively) 
also had good diagnostic value. This is because SWE 
uses the “Mach cone” principle to accurately measure the 
velocity of shear waves and calculate the hardness of the 
propagation medium; without the need to compare strain 
imaging with surrounding reference tissues to obtain a 
relative ratio, elastic strain imaging techniques can be 
used to achieve real-time, accurate quantitative detec-
tion of tissue hardness in different regions [23]. Com-
pared with other elastic imaging techniques, SWE does 
not rely on external forces to generate shear waves and 
can form real-time elastic imaging images and multipoint 
measurements of the elastic modulus. This technique has 
the advantages of safety, efficiency, accuracy and good 
repeatability [24]. Similarly, the 2D-SWE technique has 
been used by several scholars [25–27] and has achieved 
good diagnostic efficacy in the study of inflammatory 
bowel disease-related fibrosis. In a prospective study [28] 
involving 35 inflammatory bowel disease patients who 
underwent surgical resection within a week of receiving 
ultrasound elastography, it was shown that setting the 
e-cutoff value at 22.6 kPa made it possible to distinguish 
between severe and mild-moderate fibrotic inflammatory 
bowel disease with high accuracy (AUC, sensitivity and 
specificity of 0.82%, 70% and 91%, respectively). Com-
pared with the gut, the stomach is a larger organ with 
less peristalsis and a thicker wall. Therefore, 2D-SWE 
should also be used in the diagnosis and differential diag-
nosis of gastric wall diseases. This study confirmed this 
conjecture and concluded that the Emean and Emax in 
malignant lesions were significantly greater than those 
in benign lesions and that the Emean and Emax could 
be used to differentiate benign lesions from malignant 
lesions of the gastric wall.

The diagnostic value of 2D-SWE combined with Su-RADS 
for detecting gastric wall lesions
The results showed that the sensitivity and specificity of 
the combination of Su-RADS and 2D-SWE were 82.35% 
and 94.94%, respectively. The area under the ROC curve 
was 0.951, and the Youden index was 0.8064. The sensi-
tivity and specificity of the combination of Su-RADS and 
2D-SWE for the diagnosis of malignant gastric lesions 
were 82.35% and 94.94%, respectively. This combina-
tion has good diagnostic efficacy, and its diagnostic effi-
cacy is greater than that of either alone. The specificity 
(94.94%) was significantly greater than that of Su-RADS 
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(82.28%) and 2D-SWE (Emean: 93.67%, Emax: 88.61%). 
The Su-RADS classification requires only the thickness 
of the gastric wall or gastric mucosa at the lesion site to 
be measured. This method is simple and easy to perform, 
and the 2D-SWE method is easier to master after train-
ing. These findings suggest that the combination of Su-
RADS and 2D-SWE has good potential for the diagnosis 
of gastric wall lesions.

However, the study has several major limitations. 
First, the sample size was relatively small, and additional 
studies with larger sample sizes are needed to improve 
the accuracy of Su-RADS combined with 2D-SWE in 
the diagnosis of benign and malignant lesions. Second, 
this study focused on the diagnostic efficacy of EUS for 
benign and malignant lesions of the gastric wall and 
failed to analyse the efficacy of various gastric diseases 
involved.

Conclusion
This study suggested that both Su-RADS and 2D-SWE 
have good diagnostic efficacy for benign and malig-
nant gastric wall lesions. Compared with Su-RADS 
or 2D-SWE alone, Su-RADS combined with 2D-SWE 
is more effective at diagnosing benign and malignant 
lesions of the gastric wall, especially because of its 
increased specificity.
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