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1. Abstract
1.1. Background

Endoscopic ultrasonography (EUS) has become a reliable method 
for predicting the invasion depth of  early gastric cancer (EGC). 
However, diagnostic accuracy of  EUS is affected by several factors. 
In particular, it is difficult to differentiate between T1a and T1b EGC 
through EUS. The aim of  this study was to confirm whether sub-
mucosal saline injection (SSI) could improve the accuracy of  EUS in 
distinguishing T1a and T1b lesions in EGC. 

1.2. Methods

24 patients with EGC were examined by EUS and subsequently by 
SSI combined EUS to compare the degree of  tumor invasion. Then, 
they underwent endoscopic or surgical resection within 7 days. The 
diagnostic accuracy of  EUS and SSI combined EUS was evaluated 
based on the final pathological findings postoperatively. Saline inject-
ed into the submucosa acted as an echoic contrast enhancing agent 
and had the effect of  distinguishing the mucosal and submucosal 
layers clearly. 

1.3. Results

Of  total 24 patients, 23 were diagnosed with EGC (T1 cancer: 13 
as T1a, and 10 as T1b. Standard EUS identified 6 of  13 T1a cancer 
patients and 3 of  10 T1b cancer patients. Whereas, EUS-SSI identi-
fied 12 of  13 T1a cancer patients and 6 of  10 T1b cancer patients. 
In this study, SSI combined EUS was more accurate than EUS alone 
in diagnosing T1a and T1b lesions of  EGC (75.0 % and 37.5 %, 

respectively). 

1.4. Conclusions

SSI improved the diagnostic accuracy of  EUS in distinguishing be-
tween the T1a and T1b stages in EGC.

2. Introduction

Early gastric cancer (EGC) is a malignant lesion with metastasis con-
fined to the mucosa or submucosa (SM), regardless of  lymph-node 
metastasis [1,2]. Endoscopic submucosal dissection (ESD) is widely 
used to treat EGC, and the indications for ESD are expanded in 
the cases assumed to have a low risk of  lymph-node metastasis [3-
5]. Even if  the pathological depth of  invasion is T1b (tumor invad-
ing the SM), ESD can be performed if  the invasion is confined to 
SM1 (submucosal invasion to ≤500 ㎛ from the muscularis muco-
sae) [6,7]. However, an additional surgery is recommended for EGC 
when deep submucosal invasion is identified by pathological evalu-
ation after ESD (more than SM2; depth of  submucosal invasion, ≥ 
500 ㎛) owing to the risk of  lymph-node metastasis [8]. Therefore, 
the depth of  invasion (T-stage) of  gastric cancer is vital for deter-
mining the treatment strategy [3-7]. Endoscopic ultrasonography 
(EUS) has been used for T-staging of  gastric cancer [9,10]. Although 
previous studies showed the clinical efficacy of  EUS in T-staging 
of  gastric cancer, the results have revealed a wide level of  variabili-
ty [1,2,11]. The diagnostic accuracy may be affected by endoscopic 
findings, lesion location, tumor size, and the skill of  the examiner 
[1,12]. Specifically, EUS is difficult to distinguish between T1a (tu-
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mor invading the lamina propria and muscularis mucosae) and T1b 
lesions because the boundary between the mucosa and submucosa 
is thin and the difference in echogenicity is unclear [1,10]. Submu-
cosal saline injection (SSI) is routinely administered prior to ESD to 
prevent damage to the surrounding tissue of  the gastric wall and to 
avoid perforation during ESD [13]. SSI creates a cushion within the 
loose connective tissues of  the submucosa, which has been reported 
as an effective medium and echoic contrast-enhancing agent for ul-
trasound transmission, enabling good distinction between the muco-
sal and submucosal layers [13-15]. Moreover, saline can increase the 
thickness of  the submucosa [13-15]. According to previous studies, 
SSI improved the performance of  EUS in characterizing the invasion 
depth of  esophageal and colorectal cancers [13-15]. Therefore, this 
study was conducted to confirm whether SSI could be a method to 
improve the accuracy of  EUS in distinguishing T1a and T1b lesions 
even in EGC and determine the feasibility of  EUS for beginners.

3. Background

3.1. Case Series

3.1.1. Methods

During March–April 2019, 24 endoscopically diagnosed EGC le-
sions in 24 patients were examined by EUS. The macroscopic tumor 
classification was as follows: type I (protruded), type IIa (superficial 
elevated), type IIb (flat), type IIc (superficial depressed), and type III 
(excavated). Types I and IIa were classified as the elevated type, and 
IIb IIc, and III as the depressed type. All patients underwent stan-
dard EUS followed by EUS with SSI (EUS-SSI). Subsequently, they 
underwent endoscopic or surgical resection within 7 days. Definitive 
classification was determined based on the postoperative pathology. 
All recruited patients agreed to be enrolled in this clinical trial pa-
tients and provided informed consent. This study was approved by 
the Institutional Review Board of  the Inje University Sanggye Paik 
Hospital (SGPAIK2021-10-019). EUS examination and staging were 
simultaneously conducted by one endoscopist with only 6 months’ 
experience with EUS. The examiner performed EUS with a 20-MHz 
ultrasonic probe (Olympus GF-UE260-AL5 Endoscopic System, 
Olympus Co. Ltd). SSI was thereafter conducted as follows: after the 
lesion was confirmed by conventional endoscopy and subsequently 
by iodine dye-enhanced endoscopy, the examiner injected 3–5 mL 
saline slowly into the submucosa using a single-use 22G mucosal nee-

dle (Endo-Flex Co., Voerde, Germany). The puncture points were 
located 0.5 cm beyond the edge of  the lesion, and saline injection was 
stopped once the gastric mucosa had been elevated by approximately 
1 cm. After SSI, the examiner determined the depth of  the lesion 
using EUS.

4. Results

All patients showed good tolerance of  EUS-SSI without severe ad-
verse events, such as significant bleeding, asphyxia, perforation, or 
problems related to anesthetics. Of  total 24 patients, 23 were diag-
nosed with EGC (T1 cancer: 13 as T1a, and 10 as T1b), except for 
one who was diagnosed with T2 cancer after the surgery. According 
to the macroscopic classification of  tumors, there were 4 patients 
with elevated type lesions and 20 with depressed-type lesions. In 12 
of  the patients, the pathological T-stage was different between the 
standard EUS and EUS-SSI. Among them, EUS-SSI findings were 
consistent with the final pathological findings in 10 patients and stan-
dard EUS findings were consistent in one patient. The other patient 
was diagnosed with EGC stage-T2, which differed before and after 
the surgery (Table 1). EGC was observed by using standard EUS as 
a localized thickening of  the gastric mucosa or depression of  the 
mucosal wall with a relatively low echogenicity. In patients with stage 
T1a disease, the muscularis mucosae was displayed as a low-echoic 
line between the mucosa and submucosa (Figure 1A). On the other 
hand, in patients with stage T1b, the muscularis mucosae was not 
clearly distinguished, and the boundary between the submucosal lay-
er and the lower margin of  the lesion was blurred, making it difficult 
to determine the degree of  invasion of  the submucosal layer on stan-
dard EUS (Figure 2A). After SSI, the mucosa had relatively enhanced 
echogenicity compared to the submucosa that was filled with saline. 
The boundary between the edge of  the lesion and submucosa was 
apparent after SSI due to the saline-formed cushion in the submu-
cosa (Figure 1B,2B). Since the echoic difference between the lesion 
and the surrounding normal tissue became clear in EUS-SSI, the ex-
tent of  tumor invasion was more distinct than that demonstrated 
by standard EUS (Figure 3).  Standard EUS identified 6 of  13 T1a 
cancer patients and 3 of  10 T1b cancer patients. Whereas, EUS-SSI 
identified 12 of  13 T1a cancer patients and 6 of  10 T1b cancer pa-
tients. The diagnostic accuracies of  the standard EUS and EUS-SSI 
are shown in Table 2 (37.5 % and 75.0 %, respectively).
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Table 1. Clinical features, endoscopic ultrasonography (EUS) findings before and after submucosal saline injection (SSI), and pathological results of  24 
patients with early gastric cancer (EGC).

Figure 1. Endoscopic and ultrasonographic images and associated schematic diagrams of  T1a early gastric cancer: A. Standard endoscopic ultrasonography 
(EUS) showing that it is difficult to differentiate the extent of  invasion from the mucosal layer to the submucosal layer; B. EUS after submucosal saline in-
jection (SSI) showing clearly the boundary between the mucosa and the submucosa, meaning that the T1a stage can be easily identified.
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Figure 2. Endoscopic and ultrasonographic images and associated schematic diagrams of  T1b early gastric cancer: A. Standard endoscopic ultrasonography 
(EUS) showing that it is difficult to differentiate the extent of  invasion from the mucosal layer to the submucosal layer; B. EUS after submucosal saline 
injection (SSI) showing clearly the boundary between the mucosa and the submucosa, meaning that the lesion, its infiltration depth into the mucosa, and the 
submucosa can be easily identified.

Figure 3. Endoscopic and ultrasonographic images and associated schematic diagrams of  T1a early gastric cancer: A. With the use of  standard endoscopic 
ultrasonography (EUS), the boundary between the lesion and the submucosal layer was unclear. The distance between the mucosa and the submucosa was 
short. This lesion was diagnosed as T1b as it appeared to partially invade the submucosa when observed with standard EUS: B. With the use of  endoscopic 
ultrasonography after submucosal saline injection (EUS-SSI), the boundary between the lesion and the submucosal layer was apparent. It was much easier to 
determine whether the lesion had invaded the submucosal layer due to the increased thickness of  the gastric wall and an effect of  increasing echoic contrast 
by saline cushion. This lesion was diagnosed as T1a as the submucosal layer was intact when observed with EUS-SSI.
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Table 2. Preoperative and postoperative stages for early gastric cancer 
(EGC) in the endoscopic ultrasonography after submucosal saline injection 
(EUS-SSI) and EUS-only examinations

Table 3. The misdiagnosis rate for T staging of  early gastric cancer (EGC) in 
the endoscopic ultrasonography after submucosal saline injection (EUS-SSI) 
and EUS-only examinations.

5. Discussion

EUS accurately characterizes the locoregional stage of  gastric cancer 
and although the diagnostic accuracy of  EUS in evaluating the inva-
sion of  depth of  EGC has been reported, the results lack a consensus 
and have varying accuracy rates of  64.8%–92%(9-11). Several studies 
also concluded that EUS has no significant advantage over conven-
tional endoscopy in predicting the invasion depth [16]. Hence, it has 
been clarified that the accuracy of  EUS can vary greatly depending 
on the experience of  the endoscopist, macroscopic type of  tumor, 
presence of  ulceration, tumor located in the stomach, tumor size, 
and differentiation type [1,9,10,12]. Regarding ulcerative lesions, sub-
mucosal fibrosis occurs, which is observed on EUS as a hypoechoic 
lesion, similar to tumor invasion [2,10,16]. For lesions in the upper 
third of  the stomach, the accuracy of  EUS may decrease because of  
the different thicknesses of  the stomach layer and presence of  fibro-
sis or blood vessels surrounding the tumor [10,16]. In addition, it is 
difficult to fill the deaerated water and locate the EUS probe near the 
lesion because of  the angulation of  the EUS scope [10,16]. Previous 
studies have reported that a large tumor size is a risk factor for mis-
diagnosing the depth of  invasion [10]. This is probably because the 
lesions might not extend even if  the deaerated water is stored in cases 
of  large tumors [11]. Undifferentiated-type tumors might have a dif-
fuse or vesicular invasion of  tumor cells to the submucosal layer of  
the gastric wall compared to differentiated-type tumors [11]. Thus, 
EUS cannot visualize these microinvasions and might underestimate 
the depth of  invasion [11]. In our study, reviewing 15 patients with 
different results between final pathology and EUS-only findings, all 
patients had tumors located in the upper third of  the stomach, sized 
≥2 cm, ulcerative lesions, or undifferentiated type. Regardless of  the 
tumor characteristics, the diagnostic accuracy of  EUS in predicting 
the T-stage of  EGC in this study was 37.5%, which is low compared 
to that reported in previous studies. This study was conducted by a 

beginner endoscopist with approximately 6 months’ experience. To 
increase the diagnostic accuracy of  EUS for staging of  gastric cancer, 
an endoscopist with a high experience and proficiency is required, 
but some techniques are also required for the classification of  EGC. 
EUS may overestimate the depth of  invasion due to underlying in-
flammation or fibrosis [10,11,16]. EUS-SSI showed improved results 
in reducing the overestimation and overall diagnostic accuracy (Table 
3). By reducing over-staging, an unnecessary surgery can be avoided, 
surgery-related adverse events can be prevented, the recovery peri-
od can be further shortened, and the patient’s quality of  life can be 
improved. As limitations, we noted that EUS-SSI required a longer 
examination time than EUS-only, which may cause more patient dis-
comfort. However, the patients in this study did not complain of  
discomfort and did not develop any adverse events related to SSI. In 
our study, SSI improved the diagnostic accuracy of  EUS in distin-
guishing between the T1a and T1b stages in EGC. This is probably 
because the saline injected into the submucosa serves as an echoic 
contrast-enhancing agent for the clear visualization of  the boundary 
between the mucosa and the submucosa. However, this needs to be 
confirmed in large-scale, prospective, randomized clinical trials in the 
future. In particular, we suggest that beginners who are beginning 
EUS should try the EUS-SSI method when evaluating the depth of  
invasion of  gastric cancer.  
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