
View Online© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, 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 changes were made. 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 http://creativecommons.org/licenses/by/4.0/.

REVIEW ARTICLE
Research progress on postoperative bleeding after endoscopic 
submucosal dissection and its treatment
Jin Xu, Shiju Yan

School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China.

1 INTRODUCTION

Esophageal cancer and gastric cancer are common malignant 
tumors of the digestive system. Patients who can be diagnosed 
and treated in the early stage generally have a relatively good 
prognosis. Atypical hyperplasia of the esophageal and gastric 
mucosa is a precancerous lesion of esophageal cancer and gas-
tric cancer. Early diagnosis and treatment of atypical hyperpla-
sia of the esophageal and gastric mucosa can block the develop-
ment of precancerous lesions into esophageal cancer and gas-
tric cancer.

Endoscopic resection is now widely accepted as a less invasive 
treatment for local resection of early gastric cancer, with a neg-
ligible risk of lymph node metastasis [1]. A suitable endoscopic 
resection technique should be safe, effective, and applicable to 

various clinical situations. However, endoscopic resection is 
associated with various complications, the most important of 
which are bleeding and perforation [2].

Endoscopic resection for digestive tract lesions has the advan-
tages of minimal surgical trauma, fewer postoperative compli-
cations, and good postoperative recovery, making it the pre-
ferred minimally invasive surgical treatment for digestive tract 
mucosal and submucosal lesions [3].

Endoscopic mucosal resection (EMR) and endoscopic submu-
cosal dissection (ESD) are two endoscopic resection proce-
dures for gastrointestinal lesions. Compared with standard pol-
ypectomy techniques, EMR and ESD provide wider and deeper 
resection margins and allow for more detailed pathological 
evaluation of the overall resected lesion, which has advantag-
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Abstract

Endoscopic submucosal dissection (ESD) is now considered the standard endoscopic 
resection technique for patients with early gastric cancer. ESD provides a higher rate 
of complete resection and a lower local recurrence rate. However, ESD results in larger 
and deeper ulcers, and post-ESD bleeding is a common complication. Bleeding after 
ESD cannot be completely avoided, especially in patients with large-sized gastric ulcers, 
those on anticoagulant therapy, and elderly patients. Most bleeding can be controlled 
by endoscopic hemostatic methods during the procedure, such as the application of 
hemostatic clips for ulcer closure and hemostatic powder for ulcer shielding. In addition, 
we also found the potential value of using new materials such as self-assembling peptides 
for hemostasis. This review first revisits the definition of endoscopic resection of the 
digestive tract. Then, we discuss post-ESD bleeding and the influence of risk factors such 
as the location, size, and depth of the surgical lesion, anticoagulant medication use, and 
the patient’s age and lifestyle. Finally, we review the treatment methods for post-ESD 
bleeding, including intraoperative ulcer closure, ulcer shielding, and the application of 
thrombin and adrenaline injection.
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es in treating early neoplastic gastrointestinal lesions [3]. 
Although EMR is convenient, larger lesions cannot be com-
pletely resected in a single EMR procedure. Therefore, doctors 
cannot make an accurate diagnosis of the entire pathological 
specimen to make more appropriate treatment decisions for the 
patient’s condition, which increases the risk of local tumor 
recurrence or inappropriate treatment. ESD can directly resect 
tumors in the submucosa. Due to the large wound size and the 
difficulty of implementing the technique, there is a higher inci-
dence of bleeding and perforation after ESD [4].

This review focuses on post-ESD bleeding by summarizing rel-
evant literature on ESD, including surgical procedures, risk 
factors for delayed bleeding, prevention and treatment strate-
gies, and related medical devices.

2 DEFINITIONS, EPIDEMIOLOGY, AND RISK 
FACTORS

2.1 Definitions and pathophysiology

In this review, the literature search was carried out through 
the Web of Science database, and the search time range was 
set from the establishment of the database to September 2025. 
The core search terms included “Endoscopic Submucosal 
Dissection”, “Gastrointestinal Hemorrhage”, “Immediate 
Bleeding”, “Delayed Bleeding”, and “Risk Factors”. According 
to the onset time, bleeding complications can be subdivided 
into immediate (intraoperative) bleeding that occurs during 
the procedure and delayed bleeding that occurs after the pro-
cedure. There are differences in risk factors and treatment logic 
between these two types of hemorrhage. Immediate hemor-
rhage is mainly affected by anatomical location and proce-
dural factors, while delayed hemorrhage is more related to the 
patient’s general condition and healing environment. Immediate 
bleeding is infrequent with EMR techniques, but is quite com-
mon with ESD. The management of immediate bleeding plays 
a key role in the successful completion of ESD. It is difficult to 
accurately measure the amount of bleeding during EMR and 
ESD. Therefore, in the definitions of upper gastrointestinal 
bleeding (GIB) in different countries, bleeding after ESD is 
usually defined as a condition with any clinical signs of bleed-
ing. Clinical signs include hematemesis, melena, or a decrease 

in haemoglobin of >2 g/dL from the previous laboratory test, 
and the condition requires endoscopic hemostasis [5]. The defi-
nition of delayed bleeding can range from clinical symptoms of 
bleeding such as hematemesis and melena to bleeding that 
requires blood transfusion or even bleeding that requires endo-
scopic treatment. Delayed bleeding usually occurs within 24 
hours after ESD and has been reported to be related to lesion 
location, size, patient age, and anticoagulant drug use [6-9]. In 
formulating treatment plans, immediate bleeding focuses on 
intraoperative visual field maintenance and precise electroco-
agulation; for delayed bleeding, single prophylactic thermoco-
agulation cannot significantly reduce the rate of delayed bleed-
ing and may even aggravate thermal damage to gastric tissue 
[10]. Therefore, the treatment strategy for patients should also 
consider more complex procedural approaches, such as ulcer 
shielding methods and ulcer closure methods, for prevention.

2.2 Gastric lesions and ESD

The size of the gastric lesion is a risk factor for bleeding after 
ESD. Theoretically, the larger the lesion, the greater the risk of 
bleeding after ESD [5]. In addition, there is controversy about 
whether tumor location affects bleeding after ESD. The ideal 
dissection plane is the avascular layer below the vascular net-
work of the gastric wall and above the muscular layer [11]. 
Several studies reported that the bleeding rate was significantly 
higher for tumors located in the lower third and middle/lower 
third of the stomach, while other studies found that an upper 
location of the lesion in the stomach was a more influential risk 
factor [2, 6, 12-16]. Although the correlation between lesion 
location and bleeding after ESD is inconsistent in the literature, 
studies tend to support that ESD in the lower third of the 
stomach is associated with bleeding after ESD (Table 1) [17]. 
Therefore, endoscopists should more closely monitor patients 
with lesions located in the lower third of the stomach.

2.3 Patient-related risk factors 

Studies have shown that the use of anticoagulants has a signifi-
cant impact on post-ESD bleeding in the stomach. For patients 
receiving anticoagulant therapy, delayed bleeding after ESD 
remains an unpreventable adverse event [19].

Table 1. Effect of lesion site on bleeding after endoscopic submucosal dissection
Author Lower-third (%) Middle-third (%) Upper-third (%) P-value
Nam et al. [18] 3.8 2.0 0.0 <0.05
Tsuji et al. [6] 9.6 3.2 4.6 <0.05
Furuhata et al. [14] 7.3 4.5 3.1 <0.01
Sato et al. [16] 5.3 5.4 4.1 >0.05
Libânio et al. [2] 5.5 5.6 5.2 >0.05
Matsumura et al. [13] 6.1 3.3 4.6 >0.05
Toyokawa et al. [15] 5.2 4.9 5.0 >0.05
Mukai et al. [12] 16.9 13.5 0.0 >0.05
Note: This table is cited from [17].
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The use of aspirin is also a risk factor for delayed bleeding, but 
there is controversy regarding the relationship between the risk 
of post-ESD bleeding and the aspirin treatment regimen during 
the procedure. A prospective study by Cho et al. on 328 patients 
showed that the postoperative bleeding rate in the group that 
continued to use aspirin was 15.6%, significantly higher than 
the rate of 4.2% in the group that stopped taking the drug (odds 
ratio [OR]=4.12, P=0.001) [20]. The authors confirmed through 
multivariate analysis that aspirin is an independent risk factor 
for post-ESD bleeding. A meta-analysis by Yang et al. covering 
15 studies with 4,876 patients confirmed that the use of aspirin 
increases the risk of bleeding (OR=2.34, P<0.001), but sub-
group analysis showed that the risk was lower with low-dose 
aspirin (≤100 mg/d) (OR=1.87) [21]. Similarly, a systematic 
review by Jaruvongvanich et al. that included a total of 2,143 
patients showed through meta-analysis that the continued use 
of aspirin did not significantly increase the risk of bleeding 
(OR=1.25, P=0.20) [22]. These studies reveal the complexity of 
risk assessment: the absolute risk of bleeding increases by 
about 4–6% in patients at high risk of thrombosis who continue 
to take aspirin, while the risk of thrombotic events due to stop-
ping the drug may be even higher. Therefore, when treating 
patients with different medication statuses, doctors need to 
comprehensively consider risk factors such as aspirin dosage, 
lesion size, and procedure time to develop an appropriate ESD 
plan.

Gastric ESD is increasingly being used in elderly patients, yet 
bleeding remains the main complication. Park et al. used the 
Korean National Health Insurance Service database, which 
included patients who underwent gastric ESD from November 
2011 to December 2022 [8]. The elderly group (aged >75 
years) accounted for 18.6% of all cases. The study used a 
mixed-effects logistic regression model to analyze and iden-
tify the risk factors for bleeding and analyzed the risk factors 
for bleeding in the elderly and non-elderly groups, respective-
ly, to evaluate the differences in their patterns. In the multi-
variate logistic regression, significant risk factors included 
younger age, male sex, a higher comorbidity index, gastric 
cancer, multiple lesions, several comorbidities (such as renal 
failure), antithrombotic drug use, being underweight, smok-
ing, and heavy drinking habits. The impact of some factors on 
the risk of bleeding differed significantly between age groups. 
In the elderly group, the risk was increased in association 
with a high comorbidity index (≥5). Although the incidence of 
bleeding was higher in the elderly group, this may be due to 
the higher prevalence of comorbidities and more frequent use 
of antithrombotic drugs in this population, rather than age 
itself [8]. The correlation between age and the risk of bleeding 
is consistent with previous studies, and doctors need to con-
sider age when developing appropriate treatment plans for 
patients.

3 BLEEDING TREATMENT OPTIONS

3.1 Observation without immediate intervention

For small polyps with a wound diameter of less than 2 cm after 
electrocoagulation or electroresection, if there is no bleeding, 
perforation, or other complication, generally no treatment is 
required. For some patients with early gastric cancer or early 
esophageal cancer and larger wounds with a diameter greater 
than 2 cm, if the muscularis propria is intact after ESD, hemo-
stasis is effective during the procedure, the risk of perforation is 
low, and further intervention is difficult after the procedure, 
wound observation without immediate intervention can also be 
considered [23]. After the procedure, patients should fast, stay 
in bed, and receive enhanced acid suppression treatment.

Epinephrine has the effect of constricting blood vessels and 
achieving local hemostasis and is often added to the submuco-
sal injection solution [24]. The injection needle consists of an 
outer sheath (made of plastic, polytetrafluoroethylene, or stain-
less steel) and an inner hollow needle. Using the handle at the 
end of the needle sheath, the operator uses a syringe connected 
to the handle to inject liquid agents into the target tissue. The 
injection of various solutions achieves hemostasis through 
mechanical tamponade and chemical mechanisms. A study 
showed that preoperative submucosal injection of epinephrine 
during EMR for colonic polyps significantly reduced the risk of 
bleeding after colonic polyp resection compared with no inter-
vention, and the cost was significantly lower than that of 
mechanical hemostasis methods such as hemostatic clips. 
Hemocoagulase for injection is a hemostatic agent extracted 
from snake venom that can promote the formation of fibrin 
polymers, thereby achieving hemostasis, and is commonly 
used in surgical procedures.

3.2 ESD ulcer closure 

Endoscopic ulcer closure and hemostasis include the use of 
hemostatic clips, the combination of hemostatic clips and 
nylon ropes for wound closure, and the use of over-the-scope 
clips (OTSCs). Hemostatic clips are one of the most widely 
used endoscopic closure devices after treatment. In areas 
where gastrointestinal ligation devices are difficult to use for 
closure, hemostatic clips are generally selected. Clinically, for 
small wounds, a single hemostatic clip can completely close 
the wound; for larger wounds, multiple hemostatic clips are 
needed for continuous closure similar to sutures, or a combina-
tion of hemostatic clips and nylon ropes can be used for purse-
string closure. The literature reports that endoscopic purse-
string suturing using hemostatic clips and nylon ropes to treat 
large lesions in the gastric antrum (single lesion with a diameter 
greater than 3 cm) is safe and feasible [25]. The OTSC system 
with a rake-shaped metal clip can effectively close large-diam-
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eter gastrointestinal perforations or refractory gastrointestinal 
fistulas. Prophylactic closure of artificial ulcer surfaces with 
the rake-shaped metal clip can effectively prevent postoperative 
perforation.

For postoperative bleeding after ESD, through-the-scope clip-
ping (TTSC), OTSC, and suturing represent the main tech-
niques for tissue apposition [25]. TTSC is the most commonly 
used hemostatic clip in clinical practice at present. It is released 
through the endoscopic working channel and is suitable for 
clamping small mucosal or submucosal bleeding points. It has 
the advantages of easy operation and low cost. However, its 
clamping force is limited, and it can usually only close superfi-
cial tissues. It has poor closure effects for deeper or larger 
wounds, perforations, or full-thickness defects. In contrast, 
OTSC is a cap-like device mounted at the front end of the endo-
scope. It achieves strong occlusion through a spring-loaded 
mechanism and can simultaneously clamp the mucosal layer, 
muscular layer, and even the serosal layer. It is suitable for clos-
ing full-thickness gastrointestinal wall defects (such as perfo-
rations and fistulas) or treating massive bleeding. OTSC has a 
larger clamping range, deeper grasping ability, and stronger 
closing force, but the operation is relatively complex, the cost is 
high, and it usually cannot be released repeatedly. TTSC is 
suitable for superficial hemostasis during routine ESD, while 
OTSC is more commonly used for the emergency treatment of 
complex complications, such as perforations, delayed massive 
bleeding, or fistulas. The two are complementary in clinical 
application.

3.3 ESD ulcer shielding 

3.3.1 Hemostatic powders 

Polyglycolic acid (PGA) is a high-molecular-weight polymer. It 
is a soft material with certain ductility and tensile strength and 
can be hydrolyzed into carbon dioxide and water. Therefore, it 
is safe for application in the human body. The earliest applica-
tion of PGA in the treatment of wounds after digestive tract 
ESD was reported in 2012. Takimoto et al. used PGA combined 
with fibrin glue to prevent delayed perforation after ESD of 
duodenal tumors with a diameter of 20 mm [26]. The PGA 
sheet was placed over the ulcer with biopsy forceps and fixed 
with sprayed fibrin glue, and it was absorbed spontaneously 
within four to fifteen weeks. This shows that the endoscopic 

tissue shielding method using PGA sheets and fibrin glue has 
potential in preventing bleeding after ESD.

In recent years, several hemostatic powders have been devel-
oped and clinically used to treat bleeding after gastric ESD. 
These hemostatic powders can be used clinically (Table 2) 
[27]. In the study by Zhang et al., patients (n=173) who under-
went ESD from January 2009 to June 2012 were included in a 
prospective randomized study [28]. The remaining 171 patients 
(excluding two patients whose procedures were aborted) were 
randomly divided into two groups: Group A (medical adhesive 
group, n=89) and Group B (control group, n=82). There were no 
significant differences in the average treatment time (59.4 min 
and 55.0 min, respectively) and the incidence of intraoperative 
perforation (10.1% in Group A and 9.8% in Group B) between 
Group A and Group B. There was a significant difference in the 
average length of hospital stay between Group A and Group B 
(8.89 days and 9.90 days), and the incidence of delayed bleeding 
after the procedure in Group A was significantly lower than 
that in Group B (0.00% and 4.88%).

One of the advantages of applying hemostatic powder is that it 
requires minimal technical expertise. Since the powder only 
needs to be sprayed onto the surface of the ulcer after ESD 
through a catheter, regardless of the anatomical location, hemo-
static powder has certain natural advantages in difficult areas 
[29]. Therefore, beginners in ESD can easily apply hemostatic 
powder to prevent bleeding after ESD-induced iatrogenic 
ulcers [27]. However, there is a learning curve for those who 
use hemostatic powder for the first time. In addition, hemo-
static powder can be quickly and easily applied to large lesions. 
Moreover, due to its non-contact application, hemostatic pow-
der does not cause additional secondary tissue damage [30]. 
Therefore, applying hemostatic powder is an effective treat-
ment option for protecting the ulcer surface after ESD and 
reducing postoperative scarring [31]. However, hemostatic 
powder may be affected by gravity. Most powders adhere well 
to the surface due to the moisture of the ulcer after ESD. After 
the endoscopist sprays the powder onto the target lesion, the 
remaining powder can accumulate in a gravity-dependent man-
ner in the target area.

The hemostatic material TC-325 (Hemospray®, Cook Medical, 
Winston-Salem, NC, USA) has been reported as an endoscopic 
hemostatic option for gastrointestinal bleeding, including 

Table 2. Recently developed hemostatic powders and their mechanisms of action
Name Composition Mechanism of action
Hemospray Mineral Absorption of water; Concentration of platelets and clotting factors
EndoClot Polysaccharide Absorption of water; Concentration of platelets and clotting factors
Nexpowder Biocompatible natural polymer Modification of water absorption capacity using coating technology; 

Reversible cross-linking of amine and aldehyde groups
CGGEL Bioadhesive gels containing recombinant human EGF Absorption of water; Concentration of platelets and clotting factors
Note: EGF, epidermal growth factor. This table is cited from [27].
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bleeding after endoscopic procedures [32, 33]. Aziz et al. stud-
ied and evaluated the efficacy of Hemospray in patients with 
non-variceal upper GIB [33]. The primary outcomes were clini-
cal and technical success; the secondary outcomes were clus-
tered rebleeding, early rebleeding, delayed rebleeding, refrac-
tory bleeding, mortality, and treatment failure. The final analy-
sis included a total of 20 studies and 1,280 patients. Technical 
success of Hemospray was observed in 97% of the cases, and a 
significant trend of increasing technical success was observed 
during the publication period from 2011 to 2019. The clinical 
success rate of Hemospray was 91%, while the clinical success 
rate of other hemostatic measures was 87%. After using 
Hemospray, the secondary outcomes of clustered rebleeding, 
early rebleeding, delayed rebleeding, refractory rebleeding, 
mortality, and treatment failure occurred in 27%, 20%, 9%, 
8%, 8%, and 31% of the cases, respectively. Hemospray is safe 
and effective in treating non-variceal upper GIB, is not inferior 
to traditional hemostatic measures, and can be used as an alter-
native option.

Polysaccharide hemostatic materials have been proven in mul-
tiple clinical trials to be applicable to the treatment of post-
ESD bleeding. Yu et al. used a carbon dioxide insufflator (CO2 
Regulation Unit, Olympus) to insufflate the hemostatic material 
[34]. This device uses high airflow during the catheter insertion 
stage to disperse moisture. After aiming the catheter at the 
ulcer surface, the assistant changes the mode to low airflow to 
evaluate the efficacy of the newly designed polyethylene oxide 
(PEO) adhesive in preventing delayed bleeding. The rate of 
delayed bleeding in the PEO group was relatively lower than 
that in the control group, but the difference was not significant 
(P=0.094). No bleeding events occurred within 48 hours after 
ESD in the PEO group, while the bleeding rate after 48 hours 
in the control group was 60.9% (14/23). Cha et al. used the 
hemostatic powder UI-EWD (NexpowderTM, Nextbiomedical, 
Incheon, South Korea) to study the endoscopic hemostasis suc-
cess rate, UI-EWD-related adverse events, and rebleeding rate 
[35]. The incidence of endoscopic hemostasis in the UI-EWD 
group for lesions located at the hepatic flexure (7.3% vs. 0.0%, 
p=0.011) and lesions larger than 4 cm (25.5% vs. 8.0%, p=0.002) 
was significantly higher than that in the conventional treatment 
group. The cumulative rebleeding rate within 28 days was 5.5% 
(3/55), significantly lower than that in the conventional treat-
ment group (17.0%, 19/112; p=0.039). For lower GIB with ana-
tomical or technical obstacles to endoscopic access, Cha et al. 
believe that UI-EWD should be considered first.

3.3.2 New treatment option: self-assembling peptide TDM

The synthetic self-assembling peptide TDM is derived from 
non-biological materials and consists of 16 amino acid residues. 
It is usually in the form of an aqueous solution and can easily 
pass through a catheter. The self-assembling peptide can form 
a gel under specific physiological conditions [36]. Therefore, 

the self-assembling peptide TDM can be used not only in open 
surgery but also in flexible endoscopic treatment.

The first generation of self-assembling peptides (TDM-621, 
3-D Matrix, Tokyo, Japan) is currently used as a hemostatic 
agent in Europe. TDM-621 has some drawbacks. Its gel forma-
tion rate is slow, and its retention on the wound is poor. 
Therefore, the second-generation synthetic peptide TDM-623 
was developed. TDM-623 has been developed as the second 
generation of self-assembling peptide materials, which can 
accelerate gel formation and improve tissue retention. Yoshida 
et al. tested the feasibility of the synthetic self-assembling pep-
tide TDM-621 for hemostasis after endoscopic treatment of 
gastric tumors and evaluated its hemostatic effect in 12 patients 
[37]. No secondary bleeding was observed in any of the 12 
patients, and no adverse reactions considered to be related to 
TDM-621 were observed. However, this study not only has a 
small sample size but also lacks a direct efficacy comparison 
with traditional mechanical clipping or prophylactic electroco-
agulation, and further verification is needed. Kubo et al. con-
ducted an animal experiment using the self-assembling peptide 
TDM-623 and performed endoscopic hemostatic treatment 
with the self-assembling peptide on 23 bleeding lesions [36]. 
Seventeen of the 23 cases (74%) achieved complete hemostasis 
on the anterior wall of the stomach. Kubo et al. believe that the 
new self-assembling peptide (TDM-623) shows a strong hemo-
static effect, and TDM-623 has potential practical value for 
upper gastrointestinal endoscopic procedures [36]. The success 
rate of the new-generation material in animal models (74%) is 
lower than that of the first-generation material in human single-
arm studies (100%). This illustrates the limitations of the cur-
rent study. There are huge differences in hemodynamics and 
microenvironment between artificial wound hemorrhage in 
animal models and real human postoperative ESD hemorrhage; 
at the same time, the remaining 26% hemostatic failure rate 
also indicates that the procedural protocol relying solely on 
self-assembling peptides to deal with high-pressure arterial 
hemorrhage is unreliable. On the whole, the current literature 
on self-assembling peptides mainly remains at the stage of 
small-sample case series or animal experiments. Before self-
assembling peptides can be routinely applied to upper gastroin-
testinal endoscopic treatment, large-sample, multicenter ran-
domized controlled trials with positive controls (such as TC-325 
hemostatic powder or traditional hemostatic clips) need to be 
carried out to clarify their true clinical benefits and applicable 
boundaries.

4 SUMMARY

With the development of endoscopic technology, endoscopic 
treatment techniques for gastric ESD provide a less invasive 
and effective treatment method than traditional surgery. 
Endoscopy is becoming the first-line method for treating pre-
cancerous lesions of gastric cancer. Although significant prog-
ress has been made in research on post-ESD bleeding in the 
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stomach, there is still room for further research. With popula-
tion aging and the increasing prevalence of chronic diseases, 
the use of aspirin and other anticoagulant drugs in clinical 
practice has increased significantly, and they have become 
important means for the primary and secondary prevention of 
cardiovascular diseases. In the face of an aging population and 
patients receiving anticoagulant therapy, in addition to tradi-
tional mechanical closure and thermocoagulation therapy, the 
development of tissue shielding technology and the emergence 
of new aqueous hemostatic materials provide a new solution to 
make up for the limitations of traditional devices in treating 
large-area mucosal defects. 

A review of the treatment of bleeding after ESD in recent years 
shows that clinical practice urgently needs to shift from simple 
post-hemorrhage remediation to risk-based procedural man-
agement. Doctors not only need to accurately evaluate the use 
of antithrombotic drugs before the procedure but also need to 
carry out personalized prevention and treatment according to 
the characteristics of the lesions during the procedure. Future 
research should focus on developing dedicated hemostatic pro-
tocols for patients receiving anticoagulant therapy and verify-
ing the cost-effectiveness of novel hemostatic materials through 
multicenter clinical trials to ultimately minimize ESD compli-
cations, improve the clinical success rate, and reduce proce-
dural risk [38].
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