
1

Vol.:(0123456789)

Scientific Reports |         (2022) 12:4538  | https://doi.org/10.1038/s41598-022-08499-0

www.nature.com/scientificreports

Propensity score matching analysis 
to evaluate efficacy of polyethylene 
oxide adhesive on preventing 
delayed bleeding after gastric 
endoscopic submucosal dissection
Yang Yu1,4, Tong Hu1,4, Xiaoyi Kuai1,4, Xiaoyu Liu2, Rui Li3* & Chunli Zhou1*

Regardless of technical advancements, delayed bleeding is still a common adverse event after 
gastric endoscopic submucosal dissection (ESD), often occurring in the early postoperative phase. 
This study aimed to evaluate the efficacy of a newly designed polyethylene oxide (PEO) adhesive for 
preventing delayed gastric bleeding. Patients who underwent gastric ESD between December 2017 
and December 2020 at three Chinese institutions were retrospectively reviewed. Patients receiving 
PEO application on gastric post-ESD ulcers were included in the PEO group, and patients without this 
procedure were included in the control group. To minimize potential bias, propensity score matching 
was performed, and sex, age, lesion size, lesion morphology, ulceration, localization, procedure 
time, frequency of major intraoperative bleeding, resected specimen size, lesion histopathology, 
submucosal invasion and the taking of antithrombotic drugs were included as matching factors. 
The incidence of delayed bleeding and time to bleeding were compared between both groups. After 
propensity score matching, 270 patients (135 per group) were included in the analysis. The delayed 
bleeding rate in the PEO group was significantly lower than that in the control group (1.5%, 2/135 vs. 
8.9%, 12/135, P = 0.006). The median time (range) to bleeding was 4.5 (4–5) days in the PEO group 
and 2 (1–15) days in the control group, with no significant difference (P = 0. 198). PEO demonstrated 
a significant effect in reducing the rate of delayed bleeding. Further study is warranted to confirm the 
efficacy of PEO for bleeding that occurs in the early phase after gastric ESD.

The efficacy of endoscopic submucosal dissection (ESD) for treating gastric lesions has been well recognized1–4. 
However, except for an elevated en bloc resection rate, compared with the traditional endoscopic mucosal 
resection (EMR) technique, ESD induces a larger and deeper iatrogenic ulcer, which can lead to more adverse 
events5,6. Owing to advancements in endoscopic experience and perioperative management, the overall com-
plication rate has decreased in recent years. However, although several preventive measures have been taken7–9, 
delayed bleeding remains a difficult problem6,10; according to meta–analysis, the pooled rate of delayed bleeding 
is approximately 5.1%10. Generally, bleeding of ESD-induced ulcers can be successfully managed by endoscopic 
haemostasis or conservative therapy11. However, in some cases, to avoid life-threatening haemorrhagic shock, 
surgical or interventional treatment is required11–13.

Many factors are thought to be associated with delayed bleeding10,14–18, and some are controversial10, such as 
different locations of the stomach10,19. However, the high incidence rate may be attributed to the large resected 
area and the use of antithrombotic drugs6,8,11,14. Currently, because of extended ESD indications3, both of these 
characteristics are becoming increasingly common. Thus, preventing delayed bleeding remains imperative. Most 
bleeding events occur within 48 h after ESD10,20,21; therefore, protecting early postoperative ulcers is highly cost 
effective and merits our attention.
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Haemostatic powder is a kind of tissue adhesive designed for endoscopic use22–24. The substance is bibulous, 
and it achieves haemostasis by forming a protective gelled matrix layer on the wound surface25,26. In previ-
ous studies, its role in treating gastrointestinal bleeding has been proven valid22,27–29, especially when bleeding 
sites were located in difficult anatomical positions that conventional instruments could not reach25,28. Many 
studies have emphasized the short-term efficacy of haemostatic powder23,25,27,28,31; in some cases with massive 
haemorrhage, haemostatic powder was efficacious as a bridge to surgery. Moreover, a newly published study, 
which enrolled patients with large lesions and antithrombotic users, demonstrated that EndoClot polysaccha-
ride haemostatic powder (PHP) had a tendency to decrease delayed bleeding in the early postoperative phase 
in high-risk patients30.

Apart from research on PHP and its preliminary study25,30, the current clinical experience regarding hae-
mostatic powder mainly focuses on the area of treating gastrointestinal bleeding22–24,27,28,31. To obtain further 
information, we conducted this multicentre retrospective study, with the intention of evaluating the efficacy of 
the newly designed polyethylene oxide (PEO) adhesive on the prevention of delayed bleeding.

Method
Study design.  This was a multicentre, retrospective, cohort study undertaken at three Chinese institutions 
with accumulated experience in endoscopic resection, including The Affiliated Suzhou Hospital of Nanjing 
Medical University, The First Affiliated Hospital of Soochow University, and Yulin Second Hospital. The study 
was approved in accordance with the Declaration of Helsinki by the Ethics Committee of each institution. Writ-
ten informed consent was given to all participants for the ESD procedure and the application of PEO adhesive. 
ESD was performed in each centre by physicians with over 100 ESD procedures per year in the past 5 years.

Patients.  We retrospectively collected data based on medical records, endoscopic photos and videos from 
all consecutive patients at the above hospitals. All patients received ESD for gastric epithelial lesions between 
December 2017 and December 2020. An enhanced CT scan was performed to exclude lymph node or other 
organ metastasis before ESD. The inclusion criteria for eligible participants were as follows: (1) an age > 18 years. 
(2) Early gastric cancer or gastric adenoma within the expanded indication for endoscopic treatment. The exclu-
sion criteria were as follows: (1) coagulopathy; (2) pregnancy; (3) multiple lesions; (4) additional surgery per-
formed 30 days after ESD; (5) ESD ulcer surface fully sutured with a metal clip or other equipment; and (6) 
allergic history to PEO or other synthetic polymers. Patients receiving PEO application on post-ESD ulcers were 
included in the PEO group, and patients without this procedure were included in the control group.

Management of antithrombotic drugs.  Antithrombotic agents were classified into two major catego-
ries: anticoagulant and antiplatelet drugs. We consulted prescribing physicians or cardiologists and neurologists 
regarding the risk of thromboembolism during discontinuation of antithrombotic agents. Antithrombotic ther-
apy was not stopped if patients had a high thromboembolic risk after their assessment. Additionally, heparin-
bridging therapy was provided for warfarin users if needed. For patients without high thromboembolic risk, 
antiplatelet medication was discontinued 7 days before ESD, while anticoagulants were stopped 5 days prior to 
the procedure. The resumption of antithrombotic medication occurred on Day 7 after ESD.

Equipment.  A single-channel endoscope (GIF-HQ290, GIF-Q260J; Olympus, Tokyo, Japan) was used dur-
ing ESD, and a transparent cap was attached to it to facilitate the procedure. A dual knife (KD-650U, KD-650L, 
Olympus) was used for marking and dissection. A pair of haemostatic forceps (FD-411UR, Olympus) was used 
to manage the remaining vessels on the ulcer floor. Other equipment included an Endoclip (ROCCD-26-195, 
Weichuang, Nanjing, China), injection needle (NM-200L-0423, Olympus), high-frequency generator (VIO 
200D, ERBE, Tübingen, Germany), 0.2% indigo carmine dye (MICRO-TECH, Nanjing, China), and submucosal 
injection (a mixed solution of 250 mL normal saline solution + 1 mL indigo carmine + 2 mL norepinephrine). 
A CO2 insufflator (UCR, Olympus) was used for insufflation. As the last step, 3 g PHP adhesive (EndoClot Plus 
Co., Ltd., Suzhou, Jiangsu, China) was applied for post-ESD ulcers.

ESD procedures.  All patients fasted for at least 8 h before the procedure. ESD was performed under general 
anaesthesia as follows: (1) marking around the lesion; (2) submucosal injection; (3) mucosal circumferential 
incision and submucosal dissection; and (4) coagulation of visible vessels on the artificial ulcer bed. The proce-
dure time was calculated from the beginning of the marking to the completion of lesion removal. The duration of 
PEO application was not counted towards procedure time. The definition of major intraoperative bleeding was 
arteriolar bleeding or diffuse venous bleeding in which haemorrhagic sites could not be located for the first time.

PEO application.  A photograph of the EndoClot application devices is shown in Fig. 1. To ensure a stand-
ard procedure of PEO application, brief training (less than 30 min) was provided in each centre for both physi-
cians and nurses before the first use. The decision to apply PEO adhesive was only made by surgeons during 
procedures. Usually, the powder was only sprayed for lesions that were more likely to develop delayed bleeding 
according to the physicians’ judgement. After routine haemostasis and management of residual vessels, the PEO 
adhesive was applied to the ESD wounds via a catheter inserted into the endoscope’s working channel (Fig. 2). A 
controllable airflow was generated by a portable air compressor to facilitate spraying. There were two modes for 
selection. A high flow of air was used during the insertion phase to dispel moisture. After the tube was targeted 
to the ulcer surface, the assistant altered the mode to a low flow of air. Simultaneously, the powder chamber was 
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upended and knocked gently so that the PEO adhesive would evenly distribute on the wounds by the force of 
gravity and compressed air.

Postoperative management and follow‑up after ESD.  All patients received a proton pump inhibitor 
(esomeprazole, 80 mg/day) via intravenous drip on the first 2 days after ESD. Subsequently, oral PPI administra-
tion (rabeprazole 20 mg/day) was provided for at least 2 months. The retention of gastric tubes was based on the 
surgeons’ judgement. Usually, a fluid diet was started for all patients, and the tube was removed 48 h after the 
procedure. Considering the underlying bleeding risks, a scheduled second-look endoscopy was not performed 
in this study, and all patients were discharged if there was no sign of delayed bleeding or other complications 
on the fifth postoperative day (POD). Delayed bleeding was defined as haematemesis, melena or a remarkable 
haemoglobin decrease (> 2.0 g/dL) compared with the preoperative level, in which case urgent endoscopy was 
performed. Both groups were routinely followed up at outpatient clinics in the first week after ESD, and routine 
blood examination, liver and kidney function, and coagulation function were tested at that time. Postoperative 
laboratory indices were compared with the level of preoperative examination for each individual.

Propensity score matching.  To compensate for potential confounding biases between the two groups, 
we performed propensity score matching. The flow diagram of patient selection for matching is shown in Fig. 3. 
The propensity-score model was estimated using a logistic regression model that adjusted for variables including 
sex, age, lesion size, lesion morphology (elevated vs. flat or depressed), localization (lesser curvature vs. others), 
procedure time, frequency of major bleeding, resected specimen size, lesion histopathology (adenocarcinoma 
vs. adenocarcinoma), ulceration, submucosal invasion and the taking of antithrombotic drugs. In addition, 1:1 
matching with a calipre width of 0.02 was performed using nearest-neighbour matching without replacement. 
To determine the predictive power of propensity score model, the area under curve (AUC) of the receiver oper-
ating characteristic curve (ROC) was calculated, the matching model would be considered to be inappropriate if 
the AUC value was less than 0.8.To test the balance of covariates in matched pairs, a standardized difference less 
than 0.1 was set as an indication of being well balanced.

Statistical analysis.  After the normality test, skewed distributed variables were presented as medians and 
ranges. Comparisons between continuous and nonnormally distributed data were performed using the Mann–
Whitney test. Meanwhile, the χ2 test or Fisher’s exact test was conducted to compare differences between cat-
egorical variables. Factors associated with delayed bleeding were studied with univariate analysis. Odds ratios 
(ORs) and 95% confidence intervals (CIs) were calculated. P < 0.05 was considered to be statistically significant. 
All statistical analyses were performed with SPSS software, version 24.0 (SPSS Inc., Chicago, Ill).

Results
Patient and bleeding characteristics before propensity score matching.  A total of 667 consecu-
tive patients who received ESD for gastric epithelial lesions between December 2017 and December 2020 were 
initially enrolled. Among these subjects, 48 patients’ wounds were fully closed with metal clips or other instru-

Figure 1.   Photograph of the PEO application devices. 1PEO polyethylene oxide.
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ments, 19 patients with multiple lesions simultaneously treated by ESD and 12 patients who underwent addi-
tional surgery 30  days after ESD were excluded. Thus, 588 patients were included in the present study. The 
baseline characteristics of patients, lesions and procedural details between the PEO group (n = 190) and the 
control group (n = 398) are shown in Table 1. ESD was completed for all patients with an en bloc resection rate 
of 96.9% (570/588) and a curative resection rate of 96.1% (565/588). In comparison with the control group, there 
were more patients taking antithrombotic drugs (P = 0.049), and the PEO group had a significantly larger lesion 
(P < 0.001) and resected specimen (P < 0.001) size, together with a longer procedure time (P < 0.001). The times 
of major bleeding and preventive coagulation were more frequent in the PEO group (P < 0.001).

The rate of delayed bleeding in the PEO group was relatively lower than that in the control group, but the dif-
ference was not significant (2.6%, 5/190 vs. 5.8%, 23/398, P = 0.094). No bleeding events occurred within 48 h after 
ESD in the PEO group, while in the control group, bleeding after 48 h was 60.9% (14/23). Regarding onset time, 
bleeding events occurred later in the PEO group than in the control group. The median (range) time was 2 (4–10) 
days in the control group and 5 (1–15) days in the PEO group, but the difference was not significant (P = 0.082).

For patients with delayed bleeding, endoscopic haemostasis was successfully performed without the help 
of surgery or interventional treatment. Electrocoagulation was a principal method and was performed for all 
bleeding sites. Metal clips were used as combined therapy for 5 lesions. Immediate haemostasis was achieved 
in all cases, and no rebleeding events occurred later. In the PEO group, no residual PEO layer was observed on 
the ulcer surface during endoscopic haemostasis. One patient in the control group experienced haemorrhagic 
shock on POD1 with transient tachycardia and hypotension, and he also received a blood transfusion because 
of a decrease in haemoglobin from 101 to 62 g/L. After endoscopic haemostasis and conventional medical treat-
ment, the patient’s condition stabilized on the same day, and he was discharged on POD6.

Details of PEO application.  PEO application was successfully performed for all patients. The median 
time (range) for covering the post-ESD ulcers was 93 (55–191) s. The catheter was clogged by PEO granules in 
one case, in which the post-ESD ulcer was located on the anterior side of the gastric angle. After altering the 

Figure 2.   (a) A post-ESD ulcer located in the gastric angle with a longest diameter of 54 mm. (b) PEO adhesive 
applied to the ulcer surface. ESD endoscopic submucosal dissection, PEO polyethylene oxide.
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catheter to a spare one, the application was completed with no need to unblock the endoscopic working channel. 
In 15 cases, the vision was obscured by moist particles attached to the endoscope, and operators had to pull it 
out and clean the lens with wet gauze. No adverse events associated with PEO application were recorded during 
the follow-up period. In the PEO group, the postprocedural level of routine blood examination and liver, kidney 
and coagulation function showed no evident fluctuation, and we found no significant difference between the 
post- and pre-ESD indices.

Patient and bleeding characteristics after propensity score matching.  To minimize selection 
bias, 135 pairs were created using propensity score matching with the variables mentioned above (Table 2). After 
matching, there was no significant difference in baseline characteristics between the two groups.In addition to 
ulceration (0.235) and resected specimen size (0.141), the SD values of most matching factors were less than 
0.1.The AUC value after propensity score matching was 0.803.

After propensity score matching, the rate of delayed bleeding was lower in the PEO group than in the control 
group, with a statistically significant difference (1.5%, 2/135 vs. 8.9%, 12/135, P = 0.006). In addition, bleeding 
events tended to occur later in the PEO group, and the median time (range) to bleeding was 2 (1–15) days in 
the PEO group and 4. 5 (4–5) days in the control group, and the difference was not significant (P = 0.198). The 
case number and cumulative incidence of delayed bleeding after propensity score matching are shown in Fig. 4. 
A majority of bleeding events in the control group occurred within 48 h, with a portion of 75.0% (9/12). The 
details of patients with delayed bleeding after propensity score matching are shown in the Supplementary Table.

Factors related to delayed bleeding after propensity score matching.  Univariate analysis 
(Table 3) showed that advanced age (≥ 65 years), the taking of antithrombotic drugs, continued use of antithrom-
botics and the frequency of major intraoperative bleeding were related to delayed bleeding. In contrast, the use of 

Patients receiving ESD1 for gastriclepithelial lesions 

between December 2017 and December 2020 

(n=667)

Baseline characteristics were colletcd 

PEO2 group(n=190)   Control group(n=398)

Propensity score matching: 

Sex, Age, Lesion size, Lesion morphology, Ulceration, Localization, Procedure 

time, Frequency of major intraoperative bleeding, Resected specimen size, 

Lesion histopathology, Submucosal invasion, Antithrombotic drugs 

Patients enrolled after Propensity score matching

(n=270)

Control group

(n=135)

PEO2 group

(n=135)

Statistical analysis

wounds fully closed

(n=48)

multiple lesions

(n=19)

additional surgery

(n=12)

Exclusion

Figure 3.   Flow diagram of patient selection for propensity score matching. 1ESD endoscopic submucosal 
dissection, 2PEO polyethylene oxide.
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PEO was demonstrated to be a possible protective factor for delayed bleeding (OR: 0.154; 95% CI: 0.034–0.703; 
P = 0.016).

Discussion
This is the first multicentre study to evaluate the efficacy of PEO for delayed bleeding after gastric ESD. A total 
delayed bleeding rate of 4.8% (28/588) was reported, which is consistent with previous articles10,11. Owing to its 
retrospective nature, the present study was not as convincing as a randomized controlled trial (RCT). However, 
with the help of propensity score matching, we demonstrated that PEO was effective for protecting post-ESD 
ulcers in reducing the risk of delayed gastric bleeding.

PEO is a hydrophilic polymer in structure32 and is usually employed to extend drug release in pharmaceu-
tical industries. The PEO adhesive and application system used in the present study were newly designed for 
endoscopic use. The powder is composed of small granules with a maximum water absorption ratio of 500. 
Once applied to the moist wound surface, an adherent layer is immediately formed. The gelled layer not only 
mechanically protects the wounds from acid erosion but also promotes topical aggregation of red blood cells, 
platelets and coagulation factors, accelerating the formation of blood clots.

In the present study, no clear indications, such as resection size and history of antithrombotics, were set 
for the application of PEO. However, the PEO group had a larger lesion and resected specimen size than the 

Table 1.   Baseline characteristics of patients before propensity score matching. *Variables included in 
propensity score matching as matching factors. 1 Mann–Whitney U test. 2 χ2 test.

Variables PEO group Control group P SD

Patients n = 190 n = 398

Age (range, years)* 65 (47–79) 65 (36–81) 0.1131 0.201

Gender (male/female)* 97/93 193/205 0.5612 0.051

Comorbidity

 Hypertension 94 (49.5%) 186 (46.7%) 0.5342

 Diabetes mellitus 78 (41.1%) 142 (35.7%) 0.2082

 Cardiopathy 36 (18.9%) 59 (14.8%) 0.2042

 Chronic kidney disease 19 (10.0%) 29 (7.3%) 0.2612

 Cerebrovascular disease 33 (17.4%) 61 (15.3%) 0.5282

Patients taking antithrombotic drugs* 40 (21.1%) 58 (14.6%) 0.0492 0.159

 Aspirin 28 (14.7%) 43 (10.8%) 0.1712

 Clopidogrel 12 (6.3%) 21 (5.3%) 0.6092

 Anticoagulants 11 (5.8%) 12 (3.0%) 0.1052

Multiple use of antithrombotics 11 (5.8%) 20 (5.0%) 0.6982

Continued use of antithrombotics 21 (11.1%) 30 (7.5%) 0.1572

Lesions

Vertical localization

 Upper third 56 (29.5%) 95 (23.9%) 0.1462

 Middle third 64 (33.7%) 161 (40.5%) 0.1142

 Lower third 70 (36.8%) 142 (35.7%) 0.7832

Horizontal localization (lesser curvature/other)* 78 (41.1%) 149 (37.4%) 0.4002 0.073

Lesion size (range, mm) 20 (12–64) 18 (3–58)  < 0.0011

Lesion morphology* 0.3052 0.092

 Flat/depressed 122 (64.2%) 238 (59.8%)

 Elevated 68 (35.8%) 160 (40.2%)

Ulceration* 38 (20.0%) 63 (15.8%) 0.2102 0.104

Histopathology* 0.3482 0.084

 Adenoma 58 (30.5%) 137 (34.4%)

 Adenocarcinoma 132 (69.5%) 261 (65.6%)

Submucosal invasion* 12 (6.3%) 15 (3.8%) 0.1682 0.104

Procedure

Specimen size (range, mm)* 45 (28–95) 38 (25–78)  < 0.0011 0.793

Procedure time (range, mm)* 78 (50–120) 67 (39–127)  < 0.0011 0.742

En bloc resection 7 (3.7%) 11 (2.8%) 0.5452

Curative resection 9 (4.7%) 15 (3.8%) 0.5792

Frequency of major intraoperative bleeding (range, times)* 2 (1–4) 1.5 (0–4)  < 0.0011 0.964

Frequency of preventive coagulation (range, times) 16 (8–24) 10 (4–22)  < 0.0011
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control group. Furthermore, the procedure time in the PEO group was longer, and more intraoperative bleed-
ing occurred. Such variables have been recognized as risk factors for delayed bleeding in many studies6,10,11,15. 
Therefore, there were reasons to believe that the PEO group had a higher delayed bleeding risk.

The propensity score matching we performed was an attempt to compensate for differences and biases between 
the two groups. After matching, the PEO group showed a significantly lower rate of delayed bleeding than the 
control group. Thus, the efficacy of PEO adhesive in delayed bleeding prevention was demonstrated. By compar-
ing the time to bleeding, we observed that bleeding events in the PEO group tended to occur later than those in 
the control group. Previous studies reported that haemostatic powder, for instance PHP, could only act on the 
ulcer surface for 3–48 hours25,33,34. Interestingly, no residue of the gelled layer was observed on post-ESD ulcers 
during endoscopic haemostasis, which was performed after POD 3. In contrast, early delayed bleeding occurred 
within 48 h, accounting for 75.0% (9/12) in the control group, which was consistent with the known features of 
delayed bleeding10. Obviously, PEO application altered the proportion of early and late delayed bleeding. Similar 
to our study, a recent Korean RCT​30 found no bleeding up to POD7 in the PHP group. Thus, it could be speculated 
that PEO shields wounds during a short period and that the protective layer produced by PEO can remain on the 
ulcers for approximately 2 days. Therefore, PEO may be effective in preventing bleeding that occurs in the early 
phase after ESD, and with these effects, it further decreases the overall delayed bleeding rate.

Table 2.   Baseline characteristics of patients after propensity score matching. *Variables included in propensity 
score matching as matching factors. 1 Mann–Whitney U test. 2 χ2 test. 3 Fisher exact test.

Variables PEO group Control group P SD

Patients n = 135 n = 135

Age (range, years)* 65 (50–79) 66 (46–81) 0.1401 0.028

Gender* 70/65 66/69 0.6262 0.054

Comorbidity

 Hypertension 60 (44.4%) 60 (44.4%) 1.0002

 Diabetes mellitus 53 (39.3%) 41 (30.4%) 0.1252

 Cardiopathy 25 (18.5%) 29 (21.5%) 0.5432

 Chronic kidney disease 11 (8.1%) 6 (4.4%) 0.2102

 Cerebrovascular disease 24 (17.8%) 26 (19.3%) 0.7542

Patients taking of antithrombotic drugs* 25 (18.5%) 22 (16.3%) 0.6302 0.099

 Aspirin 17 (12.6%) 15 (11.1%) 0.7062

 Clopidogrel 10 (7.4%) 7 (5.2%) 0.4522

 Anticoagulants 5 (3.7%) 6 (4.4%) 0.7582

Multiple use of antithrombotics 7 (5.2%) 8 (5.9%) 0.7902

Continued use of antithrombotics 12 (8.9%) 12 (8.9%) 1.0002

Lesions

Vertical localization

 Upper third 37 (27.4%) 30 (22.2%) 0.3241

 Middle third 46 (34.1%) 39 (28.9%) 0.3591

 Lower third 52 (38.5%) 66 (48.9%) 0.0861

Horizontal localization (lesser curvature/other)* 54 (40.0%) 54 (40.0%) 1.0002 0.095

Lesion size (range, mm) 20 (12–64) 22 (8–58) 0.1281

Lesion morphology* 0.3672  < 0.001

 Flat/depressed 86 (63.7%) 93 (68.9%)

 Elevated 49 (36.3%) 42 (31.1%)

Ulceration* 26 (19.3%) 25 (18.5%) 0.8762 0.235

Histopathology* 0.8922 0.029

 Adenoma 38 (27.4%) 37 (27.4%)

 Adenocarcinoma 97 (71.9%) 98 (72.6%)

Submucosal invasion* 7 (5.2%) 9 (6.7%) 0.6062  < 0.001

Procedure

Specimen size (range, mm)* 43 (28–95) 44 (26–78) 0.9401 0.141

Procedure time (range, minutes)* 76 (50–105) 75 (55–127) 0.7761 0.003

En bloc resection 3 (2.2%) 4 (3.0%) 1.0003

Curative resection 4 (3.0%) 8 (5.9%) 0.2383

Frequency of major intraoperative bleeding (range, times)* 2 (1–4) 2 (1–4) 0.8891 0.009

Frequency of preventive coagulation (range, times) 15 (8–20) 14 (8–22) 0.1341
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Figure 4.   Case number and cumulative incidence of delayed bleeding after propensity score matching. 1ESD 
endoscopic submucosal dissection, 2PEO polyethylene oxide.

Table 3.   Univariate analysis for delayed bleeding predictors after propensity score matching. OR odds ratio, CI 
confidence interval.

Variables Univariate OR 95% CI P

Age (≥ 65 years) 5.050 1.108–23.022 0.036

Male (female) 1.313 0.443–3.891 0.624

The taking of antithrombotic drugs 5.400 1.796–16.233 0.003

Multiple use of antithrombotics 3.115 0.631–15.393 0.163

Continued use of antithrombotics 6.930 2.110–22.754 0.001

Lesion size (increasing 1 mm) 1.036 0.977–1.099 0.235

Lesion location (vs. lesser curvature) 1.535 0.523–4.506 0.436

Lesion morphology (vs. flat/depressed) 0.777 0.237–2.549 0.677

Ulceration 0.704 0.153–3.248 0.653

Histopathology (vs. adenocarcinoma) 5.286 0.679–41.134 0.112

Submucosal invasion 1.236 0.151–10.090 0.843

Use of PEO 0.154 0.034–0.703 0.016

Specimen size (increasing 1 mm) 1.037 0.978–1.099 0.226

Procedure time (≥ 75: < 75) 1.070 0.361–3.174 0.902

Frequency of major intraoperative bleeding (increasing 1 time) 2.133 1.026–4.434 0.043
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A strong correlation was found between the use of antithrombotics and delayed bleeding by univariate analy-
sis. Only two patients in the PEO group developed delayed bleeding after propensity score matching, and all of 
these patients continued to take antithrombotic agents during the perioperative period. According to previous 
studies25,30, the efficacy of haemostatic powder in patients who received antithrombotic treatment, especially 
with continued antithrombotic use, was unsatisfactory. This was a natural result because PEO is a kind of local 
haemostatic agent that cannot improve or influence coagulation function. The frequency of major intraopera-
tive bleeding was another factor related to delayed bleeding, usually representing rich submucosal vessels and 
repeated electrocoagulation on the wound surfaces. As mentioned above, physicians were more inclined to apply 
PEO adhesive when lesions developed frequent intraoperative bleeding. Another well-recognized risk factor for 
delayed bleeding was resected specimen size10,11,35, which was not statistically significant according to the present 
study. There are two possible explanations. First, a resected specimen size larger than 40 mm was demonstrated 
by most studies as a risk factor for delayed bleeding10,11,15,16,35. However, the resection area may be larger in our 
study. After propensity score matching, the resected specimen size in both the PEO and control groups was 
larger than 40 mm, which made the statistics insignificant. Second, in contrast to antithrombotic drugs, resec-
tion size was more related to early-phase delayed bleeding36–38. However, as mentioned above, the application 
of PEO may decrease bleeding events that occur before POD 3. Therefore, to avoid excessive use of PEO, we 
suggest that it should be applied for patients with large post-ESD ulcers or repeated intraoperative bleeding. On 
the other hand, for patients without discontinuation of antithrombotic drugs, PEO application may be limited 
in the reduction of delayed bleeding rate.

As a bioadhesive polymer, PEO contains no allergens and can hardly be absorbed into blood. Underlying 
adverse events of haemostatic powder include intestinal obstruction and embolization, but none of these have 
been reported22,25. The relatively small usage amount owes a lot to this remarkable safety record. In this study, 
there were no PEO-related adverse events, and we found no significant difference in laboratory indices between 
the preoperative and postoperative levels. Thus, there were reasons to believe that PEO application was safe for 
shielding post-ESD ulcers.

As many have reported22–25,28,30,31,39, the noncontact powder application system is easy to use, and little expe-
rience or technical expertise is needed. From our experience, only 15–20 min of training is required before the 
first use of PEO. Application can be completed in 4 min, regardless of ulcer size and location in the stomach. 
Therefore, the use of PEO was convenient enough for physicians with little experience.

In the process of application, several disadvantages were found in the PEO and EndoClot systems. First, 
the vision was occasionally shaded and obscured by the scattering of PEO powder, which may have disturbed 
the spraying and caused an uneven distribution of the gelled layer. In one particular case, the clot formed by 
the powder and wet particles was too large to block the catheter. Fortunately, other types of medical adhesives 
may be able to overcome these limitations. Park et al.40 reported a new haemostatic adhesive powder (UI-EWD; 
Nextbiomedical, Incheon, South Korea) applied in patients with refractory upper gastrointestinal bleeding. UI-
EWD achieved haemostasis by a unique coating technology, and no catheter clogging or scattering was reported 
during use.

Our study has some limitations. First, it was retrospective. Despite the propensity score matching we per-
formed, our results were still not as convincing as would be the findings from RCTs because the selection bias 
could not be fully compensated for. Second, although undertaken at three medical centres, the sample size of 
this study was not large enough. In particular, the number of high-risk patients was insufficient. Thus, it was 
not only difficult to conduct further subgroup analysis with a limited sample size, but this also compromised 
the value of our results. Third, there have been some studies comparing the efficacy of different endoscopic 
haemostatic agents, with limited conditions, only one blank control group was set. Further prospective RCT 
with large sample sizes are required.

Conclusions
In conclusion, the present study demonstrated a significant effect of PEO on the reduction of delayed bleeding 
after gastric ESD. Bleeding events tended to occur in later periods after PEO application, suggesting that PEO 
could effectively shield post-ESD ulcers and prevent bleeding occurring in the early phase after the procedure. 
Considering its convenience and safety, PEO may be a good candidate for post-ESD ulcer protection, although 
further RCTs on a large scale are warranted.

Received: 18 October 2021; Accepted: 7 March 2022

References
	 1.	 Pimentel-Nunes, P. et al. Endoscopic submucosal dissection: European Society of Gastrointestinal Endoscopy (ESGE) Guideline. 

Endoscopy 47(9), 829–854. https://​doi.​org/​10.​1055/s-​0034-​13928​82 (2015).
	 2.	 Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2014 (ver. 4). Gastric Cancer 20(1), 1–19. https://​

doi.​org/​10.​1007/​s10120-​016-​0622-4 (2017).
	 3.	 Ono, H. et al. Guidelines for endoscopic submucosal dissection and endoscopic mucosal resection for early gastric cancer. Dig. 

Endosc. 28(1), 3–15. https://​doi.​org/​10.​1111/​den.​12518 (2016).
	 4.	 Liu, Q., Ding, L., Qiu, X. & Meng, F. Updated evaluation of endoscopic submucosal dissection versus surgery for early gastric 

cancer: A systematic review and meta-analysis. Int. J. Surg. 73, 28–41. https://​doi.​org/​10.​1016/j.​ijsu.​2019.​11.​027 (2020).
	 5.	 Park, Y. M., Cho, E., Kang, H. Y. & Kim, J. M. The effectiveness and safety of endoscopic submucosal dissection compared with 

endoscopic mucosal resection for early gastric cancer: A systematic review and metaanalysis. Surg. Endosc. 25, 2666–2677. https://​
doi.​org/​10.​1007/​s00464-​011-​1627-z (2011).

https://doi.org/10.1055/s-0034-1392882
https://doi.org/10.1007/s10120-016-0622-4
https://doi.org/10.1007/s10120-016-0622-4
https://doi.org/10.1111/den.12518
https://doi.org/10.1016/j.ijsu.2019.11.027
https://doi.org/10.1007/s00464-011-1627-z
https://doi.org/10.1007/s00464-011-1627-z


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:4538  | https://doi.org/10.1038/s41598-022-08499-0

www.nature.com/scientificreports/

	 6.	 Yamamoto, Y. et al. Management of adverse events related to endoscopic resection of upper gastrointestinal neoplasms: Review 
of the literature and recommendations from experts. Dig. Endosc. 31(Suppl 1), 4–20. https://​doi.​org/​10.​1111/​den.​13388 (2019).

	 7.	 Nakanishi, H. et al. Pretreatment gastric lavage reduces postoperative bleeding after endoscopic submucosal dissection for gastric 
neoplasms. PLoS ONE 11(2), e0149235 (2016).

	 8.	 Yoshii, S. et al. Efficacy of vonoprazan for the prevention of bleeding after gastric endoscopic submucosal dissection with continu-
ous use of antiplatelet agents. Endosc. Int. Open 8(4), E481–E487. https://​doi.​org/​10.​1055/a-​1067-​4380 (2020).

	 9.	 Kataoka, Y. et al. Endoscopic tissue shielding to prevent bleeding after endoscopic submucosal dissection: A prospective multicenter 
randomized controlled trial. Endoscopy 51(7), 619–627. https://​doi.​org/​10.​1055/a-​0860-​5280 (2019).

	10.	 Libanio, D., Costa, M. N., Pimentel-Nunes, P. & Dinis-Ribeiro, M. Risk factors for bleeding after gastric endoscopic submucosal 
dissection: A systematic review and meta-analysis. Gastrointest. Endosc. 84(4), 572–586 (2016).

	11.	 Yang, C. H., Qiu, Y., Li, X. & Shi, R. H. Bleeding after endoscopic submucosal dissection of gastric lesions. J. Dig. Dis. 21(3), 
139–146. https://​doi.​org/​10.​1111/​1751-​2980.​12850 (2020).

	12.	 Chiba, H. et al. Delayed bleeding after colorectal endoscopic submucosal dissection: When is emergency colonoscopy needed?. 
Dig. Dis. Sci. 64(3), 880–887. https://​doi.​org/​10.​1007/​s10620-​018-​5310-2 (2019).

	13.	 Kobashi, R. et al. A case of gastric pseudoaneurysm following endoscopic submucosal dissection of early gastric cancer. Clin. J. 
Gastroenterol. 13(3), 354–358. https://​doi.​org/​10.​1007/​s12328-​019-​01057-8 (2020).

	14.	 Takeuchi, T. et al. The postoperative bleeding rate and its risk factors in patients on antithrombotic therapy who undergo gastric 
endoscopic submucosal dissection. BMC Gastroenterol. 13, 136. https://​doi.​org/​10.​1186/​1471-​230X-​13-​136 (2013).

	15.	 Yano, T. et al. Different clinical characteristics associated with acute bleeding and delayed bleeding after endoscopic submucosal 
dissection in patients with early gastric cancer. Surg. Endosc. 31(11), 4542–4550 (2017).

	16.	 Kataoka, Y. et al. Bleeding after endoscopic submucosal dissection: Risk factors and preventive methods. World J. Gastroenterol. 
22(26), 5927–5935 (2016).

	17.	 Yoshioka, T. et al. Renal dysfunction is an independent risk factor for bleeding after gastric ESD. Endosc. Int. Open 3, E39-45 (2015).
	18.	 Dong, J. et al. Effects of antithrombotic therapy on bleeding after endoscopic submucosal dissection. Gastrointest. Endosc. 86, 

807–816 (2017).
	19.	 Yoshizaki, T. et al. Endoscopic submucosal dissection for early gastric cancer on the lesser curvature in upper third of the stomach 

is a risk factor for postoperative delayed gastric emptying. Surg. Endosc. 32(8), 3622–3629. https://​doi.​org/​10.​1007/​s00464-​018-​
6091-6 (2018).

	20.	 Lim, S. M. et al. Impact of cumulative time on the clinical outcomes of endoscopic submucosal dissection in gastric neoplasm. 
Surg. Endosc. 27(4), 1397–1403 (2013).

	21.	 Fujishiro, M., Chiu, P. W. & Wang, H. P. Role of antisecretory agents for gastric endoscopic submucosal dissection. Dig. Endosc. 
25(Suppl 1), 86–93. https://​doi.​org/​10.​1111/j.​1443-​1661.​2012.​01370.x (2013).

	22.	 Changela, K. et al. Hemostatic powder spray: A new method for managing gastrointestinal bleeding. Ther. Adv. Gastroenterol. 8(3), 
125–135. https://​doi.​org/​10.​1177/​17562​83X15​572587 (2015).

	23.	 Hussein, M. et al. Outcomes of Hemospray therapy in the treatment of intraprocedural upper gastrointestinal bleeding post-
endoscopic therapy. United Eur. Gastroenterol. J. 8(10), 1155–1162. https://​doi.​org/​10.​1177/​20506​40620​938549 (2020).

	24.	 Kim, Y. J. et al. Hemostatic powder application for control of acute upper gastrointestinal bleeding in patients with gastric malig-
nancy. Endosc. Int. Open 6(6), E700–E705. https://​doi.​org/​10.​1055/a-​0593-​5884 (2018).

	25.	 Hahn, K. Y. et al. Efficacy of hemostatic powder in preventing bleeding after gastric endoscopic submucosal dissection in high-risk 
patients. J. Gastroenterol. Hepatol. 33, 656–663 (2018).

	26.	 Zheng, C. et al. Study on hemostatic effect and mechanism of starch-based nano-microporous particles. Int. J. Biol. Macromol. 
179, 507–518. https://​doi.​org/​10.​1016/j.​ijbio​mac.​2021.​03.​037 (2021).

	27.	 Hosseini, S. M., Dadgar Moghaddam, M., Yazdan Panah, S. & Vafaeimanesh, J. Effect of gastric lavage with hemostasis powder® on 
upper gastrointestinal bleeding (Conversion of emergency endoscopy to elective endoscopy). Casp. J. Intern. Med. 11(3), 304–309. 
https://​doi.​org/​10.​22088/​cjim.​11.3.​304 (2020).

	28.	 Vellanki, M., Gapp, J. & Chandra, S. Hemostatic spray powder TC-325 for endoscopic hemostasis, bridge, or definitive interven-
tion. Gastrointest. Endosc. 91(4), 956. https://​doi.​org/​10.​1016/j.​gie.​2019.​11.​027 (2020).

	29.	 Laine, L., Barkun, A. N., Saltzman, J. R., Martel, M. & Leontiadis, G. I. ACG clinical guideline: Upper gastrointestinal and ulcer 
bleeding. Am. J. Gastroenterol. 116(5), 899–917. https://​doi.​org/​10.​14309/​ajg.​00000​00000​001245 (2021).

	30.	 Jung, D. H., Moon, H. S., Park, C. H. & Park, J. C. Polysaccharide hemostatic powder to prevent bleeding after endoscopic submu-
cosal dissection in high risk patients: A randomized controlled trial. Endoscopy 53, 994–1002. https://​doi.​org/​10.​1055/a-​1312-​9420 
(2020).

	31.	 Hussein, M. et al. Hemostatic powder TC-325 treatment of malignancy related upper gastrointestinal bleeds: International registry 
outcomes. J. Gastroenterol. Hepatol. 36, 3027–3032. https://​doi.​org/​10.​1111/​jgh.​15579 (2021).

	32.	 Vanza, J. D., Patel, R. B., Dave, R. R. & Patel, M. R. Polyethylene oxide and its controlled release properties in hydrophilic matrix 
tablets for oral administration. Pharm. Dev. Technol. 25(10), 1169–1187. https://​doi.​org/​10.​1080/​10837​450.​2020.​18080​15 (2020).

	33.	 Beg, S. et al. Early clinical experience of the safety and efficacy of EndoClot in the management of non-variceal upper gastroin-
testinal bleeding. Endosc. Int. Open 3, E605–E609 (2015).

	34.	 Prei, J. C. et al. EndoClot polysaccharide hemostatic system in nonvariceal gastrointestinal bleeding: Results of a prospective 
multicenter observational pilot study. J. Clin. Gastroenterol. 50, e95–e100 (2016).

	35.	 Bai, Y. et al. Expert consensus on perioperative medications during endoscopic submucosal dissection for gastric lesions (2015, 
Suzhou, China). J. Dig. Dis. 17(12), 784–789 (2016).

	36.	 Izumikawa, K. et al. Bleeding in patients who underwent scheduled second-look endoscopy 5 days after endoscopic submucosa. 
BMC Gastroenterol. 18(1), 46. https://​doi.​org/​10.​1186/​s12876-​018-​0774-2 (2018).

	37.	 Koh, R. et al. Antithrombotic drugs are risk factors for delayed postoperative bleeding after endoscopic submucosal dissection for 
gastric neoplasms. Gastrointest. Endosc. 78, 476–483 (2013).

	38.	 Matsumura, T. et al. Risk factors for early and delayed post-operative bleeding after endoscopic submucosal dissection of gastric 
neoplasms, including patients with continued patients taking antithrombotic drugs. BMC Gastroenterol. 14, 172 (2014).

	39.	 Facciorusso, A. et al. Efficacy of hemostatic powders in lower gastrointestinal bleeding: Clinical series and literature review. Dig. 
Liver Dis. 53, 1327–1333. https://​doi.​org/​10.​1016/j.​dld.​2021.​05.​026 (2021).

	40.	 Park, J. S., Kim, H. K., Shin, Y. W., Kwon, K. S. & Lee, D. H. Novel hemostatic adhesive powder for nonvariceal upper gastrointestinal 
bleeding. Endosc. Int. Open 7(12), E1763–E1767. https://​doi.​org/​10.​1055/a-​0982-​3194 (2019).

Author contributions
C.Z. and R.L. designed this study; X.L., Y.Y. and T.H. collected the data ; X.K., Y.Y. and T.H. helped with data 
analysis; Y.Y. wrote the manuscript; Y.Y. and T.H. prepared figures and tables; C.Z. and R.L.  revised the manu-
script; all authors approved the final version of the article.

https://doi.org/10.1111/den.13388
https://doi.org/10.1055/a-1067-4380
https://doi.org/10.1055/a-0860-5280
https://doi.org/10.1111/1751-2980.12850
https://doi.org/10.1007/s10620-018-5310-2
https://doi.org/10.1007/s12328-019-01057-8
https://doi.org/10.1186/1471-230X-13-136
https://doi.org/10.1007/s00464-018-6091-6
https://doi.org/10.1007/s00464-018-6091-6
https://doi.org/10.1111/j.1443-1661.2012.01370.x
https://doi.org/10.1177/1756283X15572587
https://doi.org/10.1177/2050640620938549
https://doi.org/10.1055/a-0593-5884
https://doi.org/10.1016/j.ijbiomac.2021.03.037
https://doi.org/10.22088/cjim.11.3.304
https://doi.org/10.1016/j.gie.2019.11.027
https://doi.org/10.14309/ajg.0000000000001245
https://doi.org/10.1055/a-1312-9420
https://doi.org/10.1111/jgh.15579
https://doi.org/10.1080/10837450.2020.1808015
https://doi.org/10.1186/s12876-018-0774-2
https://doi.org/10.1016/j.dld.2021.05.026
https://doi.org/10.1055/a-0982-3194


11

Vol.:(0123456789)

Scientific Reports |         (2022) 12:4538  | https://doi.org/10.1038/s41598-022-08499-0

www.nature.com/scientificreports/

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​08499-0.

Correspondence and requests for materials should be addressed to R.L. or C.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-08499-0
https://doi.org/10.1038/s41598-022-08499-0
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Propensity score matching analysis to evaluate efficacy of polyethylene oxide adhesive on preventing delayed bleeding after gastric endoscopic submucosal dissection
	Method
	Study design. 
	Patients. 
	Management of antithrombotic drugs. 
	Equipment. 
	ESD procedures. 
	PEO application. 
	Postoperative management and follow-up after ESD. 
	Propensity score matching. 
	Statistical analysis. 

	Results
	Patient and bleeding characteristics before propensity score matching. 
	Details of PEO application. 
	Patient and bleeding characteristics after propensity score matching. 
	Factors related to delayed bleeding after propensity score matching. 

	Discussion
	Conclusions
	References


