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External validation of the BEST-J score 
and a new risk prediction model for ESD 
delayed bleeding in patients with early gastric 
cancer
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Abstract 

Background: Delayed bleeding is an important adverse event after gastric endoscopic submucosal dissection (ESD). 
We aimed to externally validate the Bleeding after ESD Trend from Japan (BEST-J) score and subsequently develop a 
risk prediction model for bleeding in Chinese patients with early gastric cancer (EGC) after ESD.

Methods: The clinical data of patients who underwent ESD for EGC in Beijing Friendship Hospital from June 2013 to 
December 2019 were collected retrospectively. The BEST-J score was evaluated according to the clinical data. Through 
univariate and multivariate logistic regression analyses of the clinical data, the factors affecting delayed bleeding 
were identified, and a new risk prediction model for bleeding was established. Receiver operating characteristic (ROC) 
curves were used to evaluate the predictive value of the two prediction models.

Results: A total of 444 patients with EGC undergoing ESD were included, of whom 27 patients had delayed bleed-
ing (6.1%). Multivariate logistic regression analysis showed that a history of smoking (P = 0.029), tumor size > 20 mm 
(P = 0.022), intraoperative use of hemoclips (P = 0.025), resection of multiple tumors (P = 0.027), and prolongation of 
activated partial thromboplastin time (APTT) (P = 0.020) were independent influencing factors for delayed bleeding. 
ROC curve analysis showed that the areas under the curves (AUCs) were different between the BEST-J score and the 
newly built prediction model (0.624 vs. 0.749, P = 0.012).

Conclusions: The BEST-J score has moderately good discrimination for Chinese patients with EGC. However, for 
patients with EGC without severe comorbidities, the new risk prediction model may predict delayed bleeding better 
than the BEST-J score.
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Background
In recent years, with the advancement of endoscopic 
technology, endoscopic submucosal dissection (ESD) 
has increasingly become the main choice for early gas-
tric cancer (EGC) on account of its lower incidence of 
adverse events, association with a shorter hospital stay, 
lower cost and higher quality of life than surgery [1–3]. 
However, ESD requires high technology, and adverse 
events can follow. The most common adverse event of 

Open Access

*Correspondence:  sunxiujing@ccmu.edu.cn
Department of Gastroenterology, Beijing Friendship Hospital, Capital 
Medical University, National Clinical Research Center for Digestive 
Diseases, Beijing Digestive Disease Center, Faculty of Gastroenterology 
of Capital Medical University, Beijing Key Laboratory for Precancerous 
Lesion of Digestive Diseases, Beijing 100050, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-022-02273-2&domain=pdf


Page 2 of 11Wang et al. BMC Gastroenterology          (2022) 22:194 

gastric ESD is bleeding [4, 5]. Immediate intraoperative 
bleeding is easily identified during ESD surgery and can 
be treated by endoscopy in most cases. Delayed bleed-
ing may occur a few days after ESD and occasionally even 
after discharge. If endoscopists cannot detect bleeding in 
time, some cases may progress to hemorrhagic shock or 
even death. Therefore, endoscopists should fully evaluate 
the risk of delayed bleeding so that patients at high risk of 
bleeding can receive enough attention.

Clinical prediction models have been used in a number 
of fields to estimate the value of therapy and prognosis 
of individual patients [6–8], but there are few reports 
on prediction models for bleeding after ESD for EGC. A 
national multicenter study in Japan provided a prediction 
model for bleeding risk after ESD  [Bleeding after ESD 
Trend from Japan (BEST-J) score] [9], in which 10 vari-
ables (warfarin, direct oral anticoagulant, chronic kidney 
disease with hemodialysis, P2Y12 receptor antagonist, 
aspirin, cilostazol, tumor size > 30  mm, lower-third in 
tumor location, presence of multiple tumors and inter-
ruption of each kind of antithrombotic agent) were iden-
tified. However, this model lacks cohort verification in 
other countries and regions, and its feasibility and gener-
alization still need to be considered. The purpose of our 
study was to verify the applicability of the BEST-J score 
to Chinese patients. Furthermore, we explored a more 
suitable risk prediction model for bleeding after ESD in 
Chinese patients with EGC.

Methods
Patients
The study population consisted of adult patients who 
underwent ESD for EGC in Beijing Friendship Hospi-
tal from June 2013 to December 2019. Patients were 
excluded if they met the following criteria: (1) clinical 
data were incomplete, (2) postoperative pathology proved 
nonearly gastric cancer, or (3) ESD was performed on the 
remnant stomach.(Fig.  1) This study was approved by 
the ethics committee of Beijing Friendship Hospital (no. 
2020-P2-290–01).

All patients taking antiplatelet and antithrombotic 
drugs were asked to stop the medications for at least 
7 days before ESD. For patients with a high thromboem-
bolic risk, bridging therapy using heparin was performed. 
For patients using dual antiplatelet or antithrombotic 
medications, clopidogrel or warfarin was stopped with-
out interruption of low-dose aspirin. All antiplatelet or 
antithrombotic drugs were restarted 1–2 days after ESD.

ESD procedure
ESD was performed according to a standard ESD proce-
dure [10]. Briefly, the procedure consisted of the follow-
ing steps: (1) marking around the lesion, (2) submucosal 

injection, (3) mucosal incision outside of the marked 
region, (4) submucosal dissection, and (5) retrieval of the 
specimen. After lesion removal, preventive coagulation 
was performed on all visible vessels.

ESD was performed using an IT Knife2 (KD-611L; 
Olympus, Tokyo, Japan) or a Dual Knife (KD-650L; 
Olympus). GIF-H260Z (Olympus) was used for assessing 
the lesion range and preoperative marking. For ESD, we 
used GIF-Q260J (Olympus) and a high-frequency gen-
erator (VIO300D; ERBE, Tubingen, Germany). A Coa-
grasper (FD-410LR; Olympus) was used for blood vessel 
cauterization during ESD or after ESD. ESD operations 
were performed by expert endoscopists who have per-
formed more than 100 gastric ESD procedures [11].

Definition
Delayed bleeding, or bleeding after ESD, was generally 
defined as any clinical evidence of bleeding after ESD, 
such as hematemesis, melena, hemodynamic deteriora-
tion or a decrease of > 2  g/dL in hemoglobin level that 
required endoscopic hemostasis [10, 12].

If multiple tumors were present, the location and mac-
roscopic type of the largest tumor were recorded.

Tumor location was classified as the lower-third, mid-
dle-third, or upper-third of the stomach  [13].

The procedure time was calculated from marking the 
lesion to completion of preventive coagulation of all vis-
ible vessels after lesion removal.

The depth of tumor invasion is recorded as the deep-
est layer that the cancer has infiltrated. Furthermore, 
for cancers invading the submucosa, we measured the 

Patients who underwent gastrical ESD at Beijing Friendship 
Hospital from Jun 2013 to Dec 2019 (n=584)

Exclusions (n=140)
1) clinical data were incomplete (n=98)
2) postoperative pathology proved non-early 
gastric cancer (n=13)
3) ESD was performed on the remnant
stomach (n=29)

Patients who underwent ESD for EGC (n=444)

Delayed bleeding (+)
(n=27, 6.1%)

Delayed bleeding (-)
(n=417, 93.9%)

Fig. 1 The flowchart of patient enrollment. EGC, early gastric cancer; 
ESD, endoscopic submucosal dissection
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distance (in μm) from the lower margin of the muscu-
laris mucosa to the deepest part of the invading cancer. 
If this measurement depth was < 500  μm, we assessed 
and classified the invasion as SM1 (or T1b1), and if the 
depth was ≥ 500 μm, the invasion was classified as SM2 
(or T1b2) [14].

The intraoperative use of hemoclips was consid-
ered the use of any metal clip [including harmony clip 
(ROCC-D-26–195-C; Micro-Tech, Nanjing, China), 
Long clip (HX-610-135L; Olympus), etc.] during the 
procedure. Endoscopists decide whether or not to use 
hemoclips during the procedure according to differ-
ent wound conditions and their assessment of delayed 
bleeding risk under gastroscopy.

Absolute indications for ESD are (1) UL0 cT1a differ-
entiated-type carcinomas with a long diameter greater 
than 2 cm; (2) UL1 cT1a differentiated-type carcinomas 
with a long diameter measuring 3  cm or less; and (3) 
UL0 cT1a undifferentiated-type carcinomas with a long 
diameter 2 cm or less [15].

Curative resection for ESD requires all of the follow-
ing [15]: en bloc resection, long diameter ≤ 2 cm, differ-
entiated type, pT1a, UL0, HM0, VM0, Ly0, V0.

Patients’ blood examinations results, including the 
hemoglobin value, platelet value, prothrombin time 
(PT), prothrombin time activity  [PT(A)], international 
standardized ratio (INR) and activated partial throm-
boplastin time (APTT), were obtained 1–2 days before 
ESD.

Statistical analysis
SPSS 20.0 and SAS 9.4 was used for data analysis. Cate-
gorical data are expressed as absolute numbers with per-
centages, and the chi-square test or Fisher’s exact test was 
used for comparisons. Continuous data are expressed as 
the mean ± SD, and an independent sample t-test was 
used for comparisons. Univariate analysis was carried 
out by using delayed bleeding as the dependent variable. 
Incorporating the associated predictive factors obtained 
from the literature review, variables with a P value < 0.1 
in univariate analyses were selected for inclusion in the 
univariate logistic regression analysis. Multivariate logis-
tic regression analysis was performed to assess the fac-
tors associated with bleeding after ESD in patients with 
EGC and to establish a risk prediction model for bleed-
ing. Receiver operating characteristic (ROC) curves were 
used to evaluate the discrimination of the BEST-J score 
and the newly established risk prediction model. The 
areas under the curves (AUCs) were compared between 
different models with the Delong test by MedCalcula-
tor software. A P value < 0.05 was considered statistically 
significant.

Results
Comparison of the basic characteristics of the patients
A total of 444 patients with EGC undergoing ESD were 
divided into two groups: the delayed bleeding group 
(n = 27) (6.1%) and the nonbleeding group (n = 417) 
(93.9%). In terms of the basic characteristics, there were 
no significant differences in age, sex, hypertension, coro-
nary heart disease, diabetes, use of antithrombotic medi-
cation (including anticoagulants and antiplatelet drugs), 
antidepressants, proprietary Chinese medicine, history 
of drinking or family history of digestive tract tumors 
between the nonbleeding group and delayed bleeding 
group (P > 0.05). There was a significant difference in the 
distribution of smoking history between the two groups 
(P = 0.044). See Table 1 for details.

Comparison of the clinical characteristics of the patients
The clinical characteristics of the patients are shown in 
Table  2. There were no significant differences in pro-
cedure duration, tumor location, number of resected 
specimens, lifting sign, resection type, procedure time, 
macroscopic type, tumor differentiation, pathological 
classification, depth of tumor invasion, vertical margin, 
horizontal margin, lymphatic invasion, vascular inva-
sion, complete resection, resection classification or abso-
lute indication between the nonbleeding group and the 
delayed bleeding group (P > 0.05). There were significant 
differences in tumor size, the intraoperative use of hemo-
clips and resection of multiple tumors between the two 
groups (P < 0.05).

Comparison of patients’ laboratory results
The preoperative laboratory results of the patients are 
shown in Table  3. There were no significant differences 
in hemoglobin value, platelet value, PT, PT(A) or INR 
between the delayed bleeding group and the nonbleed-
ing group (P > 0.05). There was a significant difference in 
APTT between the two groups (P = 0.009).

External validation of the BEST‑J score
There were significant differences in the distribution of 
bleeding risk scores and risk classification for EGC in the 
validation cohort for the BEST-J score (P < 0.05) (Table 4). 
The AUC in the validation cohort was 0.624 (95% CI: 
0.514–0.735; P = 0.030), which shows that the BEST-J 
score has moderately good discrimination for Chinese 
patients with EGC (Fig. 2). The comparison between the 
derivation and validation cohorts is detailed in Addi-
tional file 1 and Additional file 2.

Univariate and multivariate logistic regression analysis
The variables with a P value < 0.1 in univariate analy-
sis were screened out for univariate logistic regression 
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analysis. There were significant differences in smok-
ing history, tumor size, intraoperative use of hemo-
clips, resection of multiple tumors and prolongation 
of APTT (P < 0.05). The above factors were included 
in the logistic regression model for multivariate 
analysis. Smoking history (yes = 1; no = 0), tumor 
size (> 20  mm = 1; ≤ 20  mm = 0), intraoperative use 
of hemoclips (yes = 1; no = 0), resection of multi-
ple tumors (yes = 1; no = 0), and prolongation of 

APTT (yes = 1; no = 0) were independent variables, 
and postoperative outcome was a dependent variable 
(bleeding = 1; nonbleeding = 0). Multivariate logistic 
regression analysis showed that a history of smoking 
(P = 0.029), tumor size > 20  mm (P = 0.022), intraop-
erative use of hemoclips (P = 0.025), resection of mul-
tiple tumors (P = 0.027), and prolongation of APTT 
(P = 0.020) were independent influencing factors for 
delayed bleeding (Table 5).

Table 1 Comparison of the basic characteristics of patients with EGC between the delayed bleeding group and the nonbleeding 
group

EGC, early gastric cancer; NA, not available due to Fisher’s exact test; SD, standard deviation

*P < 0.05

Nonbleeding group
(n = 417)

Delayed bleeding group 
(n = 27)

χ2 or t value P value

Age (years, mean ± SD) 63.08 ± 9.317 63.00 ± 12.175 0.041 0.135

Sex [n (%)] 0.177 0.674

 Male 293 (70.3) 20 (74.3)

 Female 124 (29.7) 7 (25.9)

Hypertension [n (%)] 0.073 0.787

 No 258 (61.9) 16 (59.3)

 Yes 159 (38.1) 11 (40.7)

Coronary heart disease [n (%)] NA 1.000

 No 376 (90.2) 25 (92.6)

 Yes 41 (9.8) 2 (7.4)

Diabetes [n (%)] NA 0.444

 No 341 (81.8) 24 (88.9)

 Yes 76 (18.2) 3 (11.1)

Anticoagulant medication history [n (%)] NA 0.172

 No 415 (99.5) 26 (96.3)

 Yes 2 (0.5) 1 (0.2)

Antiplatelet medication history [n (%)] NA 1.000

 No 376 (90.2) 25 (92.6)

 Yes 41 (9.8) 2 (7.4)

Antidepressant medication history [n (%)] NA 0.223

 No 414 (99.3) 26 (96.3)

 Yes 3 (0.7) 1 (0.2)

Proprietary Chinese medicine history [n (%)] NA 0.614

 No 402 (96.4) 27 (100.0)

 Yes 15 (3.6) 0 (0.0)

Smoking [n (%)] 4.072 0.044*

 No 252 (60.4) 11 (40.7)

 Yes 165 (39.6) 16 (59.3)

Drinking [n (%)] 1.904 0.168

 No 271 (65.0) 14 (51.9)

 Yes 146 (35.0) 13 (48.1)

Family history of digestive tract tumors [n (%)] 1.188 0.276

 No 317 (76.0) 23 (85.2)

 Yes 100 (24.0) 4 (14.8)
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Table 2 Comparison of the clinical characteristics of patients with EGC between the delayed bleeding group and the nonbleeding 
group

Nonbleeding group 
(n = 417)

Delayed bleeding group 
(n = 27)

χ2 or t value P value

Procedure duration (min, mean ± SD) 87.09 ± 72.40 79.70 ± 49.44 0.260 0.260

Procedure duration [n (%)]  < 0.001 0.994

 ≤ 60 min 185 (44.4) 12 (44.4)

 > 60 min 232 (55.6) 15 (55.6)

Tumor size [n (%)] 5.790 0.016*

 ≤ 20 mm 293 (70.3) 13 (48.1)

 > 20 mm 124 (29.7) 14 (51.9)

Tumor location [n (%)] NA 0.129

 Upper 127 (30.5) 4 (14.8)

 Medial 27 (6.5) 3 (11.1)

 Lower 263 (63.1) 20 (74.1)

Number of resected specimen [n (%)] NA 0.196

 Single 374 (89.7) 22 (81.5)

 Multiple 43 (10.3) 5 (18.5)

Lifting sign [n (%)] 0.012 0.914

 Positive 328 (78.7) 21 (77.8)

 Poor 89 (21.3) 6 (22.2)

Intraoperative use of hemoclips [n (%)] 5.209 0.022*

 No 265 (63.5) 23 (85.2)

 Yes 152 (36.5) 4 (14.8)

Resection type [n (%)] NA 0.643

 Piecemeal 21 (5.0) 2 (7.4)

 En bloc 396 (95.0) 25 (92.6)

Procedure time [n (%)] 0.652 0.419

 Morning 234 (56.1) 13 (48.1)

 Afternoon 183 (43.9) 14 (51.9)

Macroscopic type [n (%)] NA 1.000

 Type 0-I 19 (4.6) 1 (3.7)

 Type 0-II 396 (95.0) 26 (96.3)

 Type 0-III 2 (0.5) 0 (0.0)

Tumor differentiation [n (%)] NA 0.721

 Differentiated 381 (91.4) 24 (88.9)

 Undifferentiated 36 (8.6) 3 (11.1)

Histological classification [n (%)] NA 0.676

 LGIN 6 (1.4) 0 (0.0)

 HGIN 45 (10.8) 4 (14.8)

 Gastric cancer 366 (87.8) 23 (85.2)

Depth of tumor invasion [n (%)] NA 0.896

 M 367 (88.0) 24 (88.9)

 SM1 34 (8.2) 3 (11.1)

 SM2 16 (3.8) 0 (0.0)

Vertical margin [n (%)] NA 0.300

 Negative 401 (96.2) 25 (92.6)

 Positive 16 (3.8) 2 (7.4)

Horizontal margin [n (%)] NA 0.077

 Negative 403 (96.6) 24 (88.9)

 Positive 14 (3.4) 3 (11.1)

Lymphatic invasion [n (%)] NA 0.324
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Establishment of the new risk prediction model
The new risk prediction model for bleeding was estab-
lished based on the results of the multivariate logis-
tic regression analysis: P =  eX/(1 +  eX) × 100, where ‘e’ 
is the natural logarithm, and X = − 3.548 + 0.942 × (a 
history of smoking) − 1.265 × (intraoperative use 
of hemoclips) + 1.287 × (resection of multiple 
tumors) + 0.967 × (tumor size > 20  mm) + 1.594 × (pro-
longation of APTT) (Table 6). The AUC of the prediction 
model was 0.749 (P < 0.001) (Fig. 2).

Comparison of predictive values between the BEST‑J score 
and the new risk prediction model
The AUCs were significantly different between the BEST-
J score and the newly built prediction model (AUC dif-
ference = 0.125, P = 0.012) (Fig.  2). The new prediction 
model can evaluate the risk of bleeding after ESD in Chi-
nese patients with EGC better than the BEST-J score.

Discussion
In this study, we explored a large number of factors 
related to bleeding after ESD and found five independ-
ent factors related to delayed bleeding: a history of smok-
ing, tumor size > 20 mm, intraoperative use of hemoclips, 
resection of multiple tumors and prolongation of APTT. 
Among them, the intraoperative use of hemoclips is a 

protective factor against delayed bleeding in ESD, and the 
others are risk factors. Based on the selected influencing 
factors, we developed a risk score model to predict the 
risk of bleeding after ESD in patients with EGC.

According to the WHO definition [16], smokers are 
defined as patients who have smoked continuously or 
cumulatively for more than 6  months. In a controlled 
study, Ying Shi et  al. [17] found that smoking increased 
the risk of short-term bleeding after coronary interven-
tion in patients with coronary heart disease (P = 0.03). 
A national analysis in the United States also concluded 
that smoking was associated with a higher risk of surgi-
cal bleeding (OR = 1.06, 95% CI 1.05–1.07) [18]. In our 
study, smokers had a higher risk of delayed bleeding than 
non-smokers, which is consistent with the above research 
results. Mechanistically, smoking increases the recruit-
ment of inflammatory cells to the vessel wall and triggers 
the release of a variety of oxidative molecules, leading to 
damage to the walls of blood vessels [19, 20]. Damage to 
the vessel wall could in turn make the vessels more vul-
nerable and more likely to rupture and bleed.

Previous studies have shown that tumor size is the 
most important predictor of bleeding after ESD for EGC 
[21–24]. Interestingly, previous studies have reported dif-
ferent tumor sizes that affect delayed bleeding after ESD. 
In a retrospective analysis of 418 elderly patients with 

EGC, early gastric cancer; HGIN, high-grade intraepithelial neoplasia; LGIN, low-grade intraepithelial neoplasia; M, confined to the mucosa; NA, not available due to 
Fisher’s exact test; SD, standard deviation; SM1, submucosal invasion < 500 µm from the muscularis mucosa; SM2, submucosal invasion ≥ 500 µm from the muscularis 
mucosa

*P < 0.05

Table 2 (continued)

Nonbleeding group 
(n = 417)

Delayed bleeding group 
(n = 27)

χ2 or t value P value

 No 400 (95.9) 25 (92.6)

 Yes 17 (4.1) 2 (7.4)

Venous invasion [n (%)]  < 0.001 1.000

 No 399 (95.7) 26 (96.3)

 Yes 18 (4.3) 1 (3.7)

Complete resection [n (%)] NA 0.204

 No 23 (5.5) 3 (11.1)

 Yes 394 (94.5) 24 (88.9)

Resection classification [n (%)] NA 0.120

 Curative resection 243 (58.3) 11 (40.7)

 Curative resection for expanded indications 90 (21.6) 10 (37.0)

 Noncurative resection 84 (20.1) 6 (22.2)

Multiple tumors [n (%)] NA 0.036*

 No 390 (93.5) 22 (81.5)

 Yes 27 (6.5) 5 (18.5)

Absolute indication [n (%)] 3.137 0.077

 Yes 257 (61.6) 12 (44.4)

 No 160 (38.4) 15 (55.6)
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EGC who underwent ESD, there was a significant cor-
relation between a tumor size ≥ 4 cm and delayed bleed-
ing (P = 0.026) [22]. A recent Chinese study [21] also 

showed that a tumor size ≥ 4  cm (95% CI 0.721–6.345, 
P = 0.013) was the main risk factor for delayed bleed-
ing. However, a meta-analysis of 74 articles [23] showed 
that a tumor size > 20 mm (OR = 2.70) was an important 
factor for postoperative bleeding. Another study of 210 
patients [24] showed that a lesion diameter > 20 mm (95% 
CI 1.047–2.064, P < 0.05) was an independent risk fac-
tor for delayed bleeding. Combined with our findings, 
it is considered that a tumor size > 20 mm is more valu-
able in evaluating bleeding after ESD. Theoretically, the 
larger the lesion is, the higher the risk of delayed bleed-
ing because large lesions will form large post-ESD ulcers, 
which require more time for mucosal regeneration and 
healing. However, we did not observe this trend in terms 
of the size of resected specimens. The reason may be that 
the vascular supply to the invasive part of the tumor is 
larger than that to normal tissue. Larger sample size stud-
ies are needed to verify this.

The intraoperative use of hemoclips was the only pro-
tective factor for delayed bleeding in our study. The 
ESD technique may result in a large mucosal defect at 
the resection site. Closure of the defect with endoscopic 
hemoclips leaves no submucosal tissue or muscularis 
mucosa exposed to the polluted environment, which can 
accelerate wound healing and reduce the rate of bleed-
ing and perforation [25, 26]. In addition, the mechani-
cal force generated when the hemoclips are closed can 
compress the bleeding blood vessels and surrounding 
tissues so as to achieve the effect of blocking blood flow 
[27]. Liu Tao et al. pointed out that the preventive use of 
hemoclips after gastric polypectomy can effectively stop 
bleeding and prevent delayed bleeding [27]. Azumi et al. 
divided the patients with gastric ESD into observation 

Table 3 Comparison of the laboratory results of patients with 
EGC between the delayed bleeding group and the nonbleeding 
group

APTT, activated partial thromboplastin time; EGC, early gastric cancer; INR, 
international standardized ratio; PT, prothrombin time; PT(A), prothrombin time 
activity

*P < 0.05

Nonbleeding 
group 
(n = 417)

Delayed 
bleeding group 
(n = 27)

P value

Hemoglobin value [n (%)] 0.061

 ≥ 90 g/L 417 (100.0) 26 (96.3)

 < 90 g/L 0 (0.0) 1 (3.7)

Platelet value [n (%)] 1.000

 ≥ 125 ×  109/L 389 (93.3) 26 (96.3)

 < 125 ×  109/L 28 (6.7) 1 (3.7)

PT [n (%)] 0.397

 ≤ 13.5 s 410 (98.3) 26 (96.3)

 > 13.5 s 7 (1.7) 1 (3.7)

PT(A) [n (%)] 0.650

 ≥ 80% 395 (94.7) 25 (92.6)

 < 80% 22 (5.3) 2 (7.4)

INR [n (%)] 0.315

 ≤ 1.2 412 (98.8) 26 (96.3)

 > 1.2 5 (1.2) 1 (3.7)

Prolongation of APTT [n (%)] 0.009*

 No 406 (97.4) 23 (85.2)

 Yes 11 (2.6) 4 (14.8)

Table 4 Comparison of BEST-J scores of patients with EGC between the delayed bleeding group and the nonbleeding group

BEST-J, bleeding after ESD trend from Japan; EGC, early gastric cancer; SD, standard deviation
† Low-risk (total points = 0 or 1), intermediate-risk (total points = 2), high-risk (total points = 3 or 4), and very high-risk (total points ≥ 5)

*P < 0.05

Nonbleeding group (n = 417) Delayed bleeding group (n = 27) P value

Total scores (points, mean ± SD) 1.53 ± 0.778 1.96 ± 1.018 0.006*

Total scores [n (%)] 0.047*

  0 25 (6.0) 1 (3.7)

  1 187 (44.8) 7 (25.9)

  2 171 (41.0) 14 (51.9)

  3 28 (6.7) 3 (11.1)

  4 5 (1.2) 1 (3.7)

  5 1 (0.2) 1 (3.7)

Risk category [n (%)] 0.020*

 Low-risk† 212 (50.8) 8 (29.6)

 Intermediate-risk† 171 (41.0) 14 (51.9)

 High-risk† 33 (7.9) 4 (14.8)

 Very high-risk† 1 (0.2) 1 (3.7)
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group and control group according to whether preven-
tive hemoclip treatment was performed. By comparing 
the rate of delayed bleeding between the two groups, it 
was found that the rate of delayed bleeding decreased 
significantly in the observation group [28]. The results 
of these studies are consistent with our study, indicating 
that intraoperative use of hemoclips can reduce the rate 
of delayed bleeding after operation. However, the quan-
tity and cost-effectiveness of hemoclips need to be fur-
ther studied.

Previous studies have shown the guiding significance 
of APTT in predicting bleeding. Guorong Zhang et  al. 
[29] found that monitoring blood coagulation func-
tion indexes such as APTT is of great significance for 
the prevention and treatment of bleeding in premature 
infants. Hasegawa et al. [30] pointed out that the analysis 
of the APTT waveform may be useful for the prediction 
of the risk of massive bleeding after orthopedic surgery. 
To our knowledge, this study found for the first time 
that prolonged APTT is associated with an increased 
risk of bleeding after ESD. The normal APTT levels are 
21–34 s in our study. Due to differences in the definition 
of a healthy population, technology, evaluation method, 
instruments and actual procedure in different regions, 
the reference range of APTT can vary [31]. Therefore, no 
specific value of APTT was set in this study, but the pro-
longation of APTT was taken as the influencing factor. 
APTT is the most commonly used and sensitive screen-
ing index to reflect the endogenous coagulation system. 
It is widely used in the diagnosis, treatment and moni-
toring of coagulation disorders, bleeding and throm-
botic diseases. Many diseases, such as acute and chronic 
liver disease, hepatolithiasis, rheumatic immune disease, 
hypercoagulable state, thrombotic disease, nephropathy, 
etc. can either lead to the consumption of a large number 

of coagulation factors or affect the release of coagulation 
factors, resulting in prolonged APTT time. APTT value 
is simple and easy to obtain before operation. Its prolon-
gation reflects the possibility of increased risk of delayed 
bleeding, which may be of guiding value in the preven-
tion of bleeding after ESD.

Although the BEST-J score showed good overall per-
formance and calibration in the study from Wakuhatta 
et  al. [9] and can be used as a simple assistant tool for 
clinical decision-making in routine practice, the model 
was established based on an analysis of Japanese patients. 
When the model is applied to Chinese patients, its ability 
to predict the risk of postoperative bleeding is reduced. 
The reasons may be as follows: 1. different countries 
have different standards for the diagnosis and treatment 
of ESD. The Japan Gastroenterological Endoscopy Soci-
ety (JGES) guidelines recommend that aspirin treatment 
should be continued in patients receiving aspirin alone 
or aspirin in combination with thienopyridine even if 
there is a high risk of bleeding from endoscopic gastroen-
terological procedures [32]. In contrast, Chinese experts 
agree that anticoagulants and antiplatelet drugs should 
be discontinued for 5–7 days prior to the procedure [33]. 
This is also an important reason for the lack of patients 
at high risk and very high risk of bleeding in the exter-
nal validation of the BEST-J score in China. 2. The patient 
conditions varied. The Japanese study population had 
a higher average age, more complex medication history 
and more concomitant diseases. As a result, the number 
of patients with BEST-J score ≥ 6 was 0, which shows in 
additional file 1 and additional file 2, leading the AUC of 
BEST-J in Chinese validation cohort is only 0.624. While 
the Chinese study population had larger average tumor 
size, poorer tumor differentiation and more multiple 
tumors, which increased the difficulty of the ESD opera-
tion. As a result, the ESD procedure time was longer and 
more lesions were resected piecemeal. This also con-
tributed to the higher delayed bleeding rate in the EGC 
patients in our study (6.1%) than in patients in Japan 
(4.7%-5.0%).

The previously reported incidence of delayed bleeding 
ranged from 2.4 to 18% [21, 34–37]. If the endoscopist 
cannot detect this bleeding in time, some cases may pro-
gress to hemorrhagic shock or even death. Therefore, it is 
valuable to stratify the risk of delayed bleeding after ESD. 
Endoscopists should pay enough attention to patients 
with a higher risk of delayed bleeding, be more cautious 
and apply prophylactic coagulation to prevent delayed 
bleeding. In our study, five independent influencing fac-
tors were used to establish a risk score model to predict 
the risk of delayed bleeding after ESD: smoking history, 
tumor size > 20  mm, intraoperative use of hemoclips, 
resection of multiple tumors and APTT prolongation. 

Fig. 2 ROC curves and AUCs of the new prediction model and the 
BEST-J score. AUC, area under the curve; BEST-J, bleeding after ESD 
trend from Japan; CI, confidence interval; ROC, receiver operating 
characteristic



Page 9 of 11Wang et al. BMC Gastroenterology          (2022) 22:194  

Ta
bl

e 
5 

U
ni

va
ria

te
 a

nd
 m

ul
tiv

ar
ia

te
 lo

gi
st

ic
 re

gr
es

si
on

 a
na

ly
si

s 
of

 d
el

ay
ed

 b
le

ed
in

g 
in

 p
at

ie
nt

s 
w

ith
 E

G
C

A
PT

T,
 a

ct
iv

at
ed

 p
ar

tia
l t

hr
om

bo
pl

as
tin

 ti
m

e;
 C

I, 
co

nfi
de

nc
e 

in
te

rv
al

; E
G

C,
 e

ar
ly

 g
as

tr
ic

 c
an

ce
r; 

N
A

 m
ea

ns
 th

at
 th

is
 fa

ct
or

 w
as

 n
ot

 in
cl

ud
ed

 in
 th

e 
m

ul
tiv

ar
ia

te
 lo

gi
st

ic
 re

gr
es

si
on

 a
na

ly
si

s;
 O

R,
 o

dd
s 

ra
tio

*P
 <

 0
.0

5

U
ni

va
ri

at
e 

lo
gi

st
ic

 re
gr

es
si

on
M

ul
tiv

ar
ia

te
 lo

gi
st

ic
 re

gr
es

si
on

O
R 

va
lu

e
95

%
 C
I

P 
va

lu
e

O
R 

va
lu

e
95

%
 C
I

P 
va

lu
e

Sm
ok

in
g

 Y
es

2.
22

1
1.

00
6–

4.
90

6
0.

04
8

2.
56

4
1.

10
3–

5.
96

3
0.

02
9*

 N
o

1
1

Tu
m

or
 s

iz
e

 >
 2

0 
m

m
2.

54
5

1.
16

2–
5.

57
1

0.
01

9
2.

63
0

1.
14

8–
6.

02
9

0.
02

2*

 ≤
 2

0 
m

m
1

1

In
tr

ao
pe

ra
tiv

e 
us

e 
of

 h
em

oc
lip

s

 Y
es

0.
30

3
0.

10
3–

0.
89

3
0.

03
0

0.
28

2
0.

09
3–

0.
85

4
0.

02
5*

 N
o

1
1

H
or

iz
on

ta
l m

ar
gi

n

 N
eg

at
iv

e
3.

59
8

0.
96

8–
13

.3
78

0.
05

6
N

A
N

A
N

A

 P
os

iti
ve

1

M
ul

tip
le

 tu
m

or
s

 Y
es

3.
28

3
1.

15
3–

9.
34

8
0.

02
6

3.
62

1
1.

16
1–

11
.2

91
0.

02
7*

 N
o

1
1

A
bs

ol
ut

e 
in

di
ca

tio
n

 Y
es

0.
49

8
0.

22
7–

1.
09

1
0.

08
2

N
A

N
A

N
A

 N
o

1

Pr
ol

on
ga

tio
n 

of
 A

PT
T

 Y
es

6.
41

9
1.

89
7–

21
.7

22
0.

00
3

4.
92

3
1.

28
2–

18
.9

07
0.

02
0*

 N
o

1
1



Page 10 of 11Wang et al. BMC Gastroenterology          (2022) 22:194 

All five factors can be assessed before the end of the ESD 
procedure. Thus, instant estimation of the risk of delayed 
bleeding can be accomplished based on this risk predic-
tion model, and the results can guide endoscopists to 
take appropriate prophylactic measures and monitor 
high-risk patients.

Some of the limitations of this study must be addressed. 
First, the derivation cohort of this model was based on 
a single-center retrospective study, and there were only 
27 delayed bleeding events, which may pose potential 
unknown bias and reduce the statistical power. In addi-
tion, this also limits our assessment of several previously 
reported risk factors for delayed bleeding after gastric ESD, 
such as intraoperative bleeding [38]. Second, the number 
of patients using anticoagulant and antiplatelet medication 
was very small. As a result, the effects of these drugs on 
delayed bleeding were not fully evaluated. Third, the obser-
vation time was not long enough. Our observation period 
was only 2 weeks, but it was reported that delayed bleeding 
occurred 34 days after ESD for gastric tumors [39]. Finally, 
the new risk prediction model lacked external validation. 
Although the rate of delayed bleeding in our study (6.1%) 
was similar to that of a large meta-analysis (5.8%), it is still 
not clear whether this model applies to other geographical 
regions  [40]. Despite these limitations, which may under-
mine the potential for the generalization of our scoring 
system, our study is valuable since it proposes a useful risk 
scoring model that incorporates easily assessable clinical 
components. In fact, external validation of this model is 
underway, and it is believed that this model can be appro-
priately applied to other ESD centers in China.

Conclusions
A history of smoking, tumor size > 20  mm, intraoperative 
use of hemoclips, resection of multiple tumors, and pro-
longation of APTT were independent influencing factors 
of delayed bleeding after ESD for EGC. The risk prediction 
model including these factors can quantitatively anticipate 
the risk of delayed bleeding. Immediate estimation of the 

risk of delayed bleeding with this prediction model may 
help endoscopists plan ESD procedures, minimize the risk 
of bleeding after ESD and monitor patients after ESD.
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