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Introduction
The polypectomy of colorectal polyps reduces the 
incidence and mortality of colorectal cancer 
(CRC).1 Postprocedural delayed bleeding (PDB) 
is the most common major complication of endo-
scopic mucosal resection (EMR) and may require 

hospitalization, blood transfusion, and repeat 
colonoscopy.2,3 Although some trials4–7 demon-
strated that prophylactic clip closure of the 
mucosal defect after EMR for colorectal polyps 
reduced risk of PDB, other studies8–10 showed no 
benefit from this technique to prevent PDB. The 
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Background: Postprocedural delayed bleeding (PDB) remains the most common major 
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Objectives: To observe whether completely no-gap closure of mucosal defect after 
polypectomy can reduce PDB occurrence.
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analysis, CAEL was a significant independent preventive factor for PDB (odds ratio (OR), 0.092; 
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rectum) represented a significant independent risk factor for PDB (OR, 11.888; 95% CI, 3.343–
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factor for PDB.
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question is why prophylactic clip placement has 
succeeded in some patients but failed in others in 
the prevention of PDB.

There are no guidelines regarding the use of pro-
phylactic clips after EMR to prevent PDB.11 
When and how to place clips is decided by indi-
vidual endoscopists, whose practices may vary 
widely. So, gaps of different sizes were left 
between clips that were placed on the mucosal 
defect. Presumably, those unclosed injured blood 
vessels in gaps may cause PDB when the patient’s 
blood pressure rises after polypectomy. Until 
now, how to achieve no-gap closure of mucosal 
defect and whether no-gap closure of mucosal 
defect can prevent PDB have not been reported.

Most of the polyps removed by colonoscopy are 
between 6 and 15 mm in size, and the mucosal 
defect left after polypectomy can be completely 
closed easily.8,12,13 For larger polyps, some 
mucosal defects are difficult to be closed com-
pletely, which was considered as a possible cause 
of PDB.5 So, since 2019, three senior endoscopists 
in our hospital have adopted a new method to 
completely no-gap close the mucosal defect left 
after polypectomy of polyps sized between 6 and 
15 mm. That is, clips were placed on the defects 
as anchor points, and then the defect was ligated 
along the base of the anchor points with 
endoloop14,15 to achieve no-gap closure (tenta-
tively named clip-assisted endoloop ligation, 
CAEL). This retrospective report describes 
impact of prophylactic CAEL method on PDB in 
2418 patients with polyps sized between 6 and 
15 mm, and compared with 2142 similar patients 
who were treated with simple clip closure (SCC) 
to prevent PDB also.

Patients and methods

Study design
This is a case-control study based on historical 
comparisons of patients in two time periods; the 
data of patients were prospectively collected; only 
the patients with polyps sized between 6 and 
15 mm were consecutively included in this study. 
Informed consent to treatment was obtained for 
all patients in the study. Our hospital is a referral 
endoscopic diagnosis and treatment center. We 
have developed and maintained a detailed data-
base of patients with these lesions and reported 
several studies related to our experience of resect-
ing these lesions.6,16,17 From January 2019, three 
senior doctors in our hospital began to use CAEL 
method (Figure 1) to achieve no-gap closure of 
defect after EMR for polyps sized between 6 and 
15 mm (CAEL group). By December 2020, 2418 
cases of patients have been treated with this 
method. During the initial period of the study 
(since 2014), our hospital has been routinely 
using SCC method of closing the defect after 
EMR for patients with similar polyps to prevent 
PDB. In this study, from January 2017 to 
December 2018, 2142 consecutive patients 
treated with SCC were selected as control group.

In this study, patients were excluded if they had 
blood disease, coagulation dysfunction, or were 
taking an antiplatelet/anticoagulant. All patients 
with small polyps (sized between 6 and 9 mm) 
were managed by outpatient setting. Patients with 
large polyps (sized between 10 and 15 mm) were 
also managed in an outpatient setting, except 
those patients with intraoperative bleeding were 
admitted to the hospital for observation. All 
patients were followed up by telephone at least 

Figure 1. (a) The mucosal defect left after resection of colorectal polyps. (b) Three anchored clips with gap 
(↓) between clips were placed along the mucosal defect from one end to the other. (c) Mucosal defect was 
completely ligated and closed with endoloop around the base of the anchored clips.
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30 days after colonoscopy to ensure complete 
capture of complications. All procedures were 
performed randomly by one of three experienced 
endoscopists who have more than 10 years of 
experience in endoscopy and have performed 
more than 2000 endoscopic examinations and 
more than 300 polypectomy per year. The study 
was approved by the Institutional Review Board 
at Shanghai Fourth People’s Hospital and was 
registered with ClinicalTrials.gov (ChiCTR 
2200058054). The reporting of this study con-
forms to the STROBE statement.18

Instruments and preparations
The procedure was performed by using conven-
tional single accessory channel colonoscopes 
(CF-Q260AI, CF-H260AI; Olympus Medical 
Systems, Tokyo, Japan), snares (SnareMaster 
10 mm, 20 mm; Olympus Medical Systems), 
endoloops (Loop-25, Loop-20; LeCamp, 
Changzhou, China), and clips (Micro-Tech 
NanJing Co, Ltd, NanJing, China). ERBE ICC 
200 electrosurgical generators (ERBE Electro-
medizin, Tübingen, Germany) were used in the 
Endocut mode for all EMR techniques. Bowel 
preparations were completed with a split-dose 
regimen of 3 L (1 L the day before and 2 L on the 
day of colonoscopy) polyethylene glycol solution 
before colonoscopy. Sedation was administered 
by an anesthetist with a combination of mida-
zolam, fentanyl, and propofol.

Endoscopic resection and closure of  
mucosal defect
Conventional EMR procedure was performed for 
all subjects in this study. Hemostatic forceps was 
used for the intraprocedural bleeding to achieve 
endoscopic hemostasis. To close mucosal defect 
left by EMR, in CAEL group, firstly, clips were 
placed from the junction between the distal and 
proximal ends of mucosal defect and normal 
mucosa. The spacing of clips placed on the defect 
was 4 mm. With these placed clips as anchor 
points, , the endoloop was opened out, close to 
the mucosal surface, made to surround the base 
of the clips, then tightened to ligate and close the 
mucosal defect (Figure 1). In SCC group, the 
mucosal defect was closed with simple hemostatic 
clips, and the spacing between hemostatic clips 
was 2 mm. The procedure time of this study is 
defined as time spent from the beginning of polyp 

removal to the complete closure of the post-pol-
ypectomy defect.

Primary outcome
The primary outcome was PDB, defined as bleed-
ing within 6 h to 30 days after EMR. Overall, PDB 
was classified as clinically significant or minor 
bleeding. Clinically significant PDB was defined 
as massive hematochezia that required endo-
scopic hemostasis, hospitalization, or a decrease 
in the hemoglobin level >2 g/dL. Minor PDB was 
defined as a decrease in hemoglobin level <2 g/dL 
and self-limiting hematochezia not requiring 
endoscopic hemostasis. All patients were 
informed to return to our hospital immediately if 
they experienced hematochezia or visit an emer-
gency department and contact our hospital.

Statistical analysis
Categorical variables were tested by using chi-
square tests of independence and the Fisher exact 
test, as appropriate. Unpaired two-sample t tests 
were used for continuous variables. p < 0.05 was 
considered statistically significant. All analyses 
were performed using SPSS for Windows (ver-
sion 18, SPSS Inc, Chicago, IL, USA). To exam-
ine the associations of the patient, polyp 
characteristics or resection mode with delayed 
bleeding, odds ratios (ORs), and 95% confidence 
intervals (CIs) were estimated using univariate 
and multivariate logistic regression models.

Results

Patients and characteristics of polyps
Totally 4560 consecutive patients aged 27–
85 years and underwent a EMR procedure for 
polyps sized between 6 and 15 mm were included 
in this study between January 2017 and December 
2020; of them, 2418 patients belonged to CAEL 
group, and 2142 patients belonged to control 
group. Among all patients, cases with polyps sized 
between 6 and 9 mm accounted for 57.8% 
(2635/4560), with polyps sized between 10 and 
15 mm accounted for 42.2% (1925/4560), polyps 
located at colon accounted for 86.5%, at rectum 
accounted for 13.5%. Bowel preparation of ade-
quate quality was achieved in 95% of the patients 
based on the Boston Bowel Preparation Scale. 
Baseline characteristics of patient’s demographics 
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and polyp-related factors were comparable 
between two groups (Table 1).

Resection and closure – Methodology and  
cost comparisons
Among all 2418 patients in CAEL group, en bloc 
resection was achieved for 2307 (95.4%) cases; as 
for 2142 patients in SCC group, en bloc resection 
was achieved for 2026 (94.6%) cases. In CAEL 
group, after using two to five clips as anchored 
points, all mucosal defects after EMR were com-
pletely ligated and closed with one detachable 
endoloop. In SCC group, the defects of all 
patients were completely closed with hemostatic 
clips. In the SCC group, the average number of 
clips needed to close a mucosal defect was 
5.2 ± 0.8 pieces, and the average total cost was 
US$199.16 ± 30.64. In the CAEL group, except 

for one endoloop, the average number of clips 
needed to close a mucosal defect was 3.4 ± 0.6 
pieces, and the average cost was US$193.42 ±  
22.98$. There was no significant difference in the 
mean procedure time and total medical expenses 
for patients between the two groups.

Outcomes of PDB
A total of 46 patients developed PDB in this 
study, including 15 in CAEL group and 31 in 
SCC group. The overall rate of PDB was signifi-
cantly lower in CAEL group compared to SCC 
group (0.6% versus 1.5%, p < 0.00) (Table 2). Of 
all 46 patients with PDB, 8 were considered to be 
clinically significant bleeding and 38 were consid-
ered to be minor bleeding. Although the rate of 
clinically significant bleeding in CAEL group was 
lower than that in SCC group (0.1% versus 0.3%, 
p = 0.112), it did not reach statistical significance. 
However, the rate of minor bleeding in CAEL 
group was significantly lower than that in the 
SCC group (0.5% versus 1.2%, p = 0.020).

Compared with SCC group, prophylactic CAEL 
significantly reduced the incidence of PDB for 
colon polyps (0.47% versus 1.3%, p = 0.005), but 
did not reduce the incidence of PDB for rectal 
polyps (1.5% versus 2.3%, p = 0.451). Additionally, 
Six PDB cases occurred in the first 48 h; 36 cases 
occurred between 3 and 7 days post-EMR and 4 
cases were in the second week after the resection. 
For control of delayed bleeding, no patient 
required a surgical or an angiographic interven-
tion. Further endoscopy was necessary in 17 out 
of 46 patients (37%). Six patients required trans-
fusions. No serious complications such as perfo-
ration or death occurred.

Factors related to PDB
All patients in CAEL and SCC groups were 
divided into PDB and non-PDB sub-groups. Uni- 
and multivariate logistic regression analyses were 
performed to identify factors related to PDB 
(Table 3). Univariate analysis showed that CAEL 
was a significant preventive factor for PDB. 
Furthermore, polyps located at rectum was a sig-
nificant risk factor for PDB. No significant differ-
ences in polyp size, resection mode, and 
histopathology were seen between PDB and non-
PDB groups. On multivariate logistic regression 
analysis, CAEL was a significant independent pre-
ventive factor for PDB (OR, 0.092; 95% CI, 

Table 1. Baseline characteristics of patient’s demographics and  
polyp-related factors.

Parameter CAEL Control p Value

 N = 2418 N = 2142  

Age (years) 65.2 ± 10.4 64.8 ± 9.8 0.328

Sex, male, n (%) 1403 (58.0) 1204 (56.2) 0.217

Polyp characteristics, n (%)

Size 0.197

 6–9 mm 1410 (58.3) 1225 (57.2)  

 10–15 mm 1008 (41.7) 917 (42.8)  

Location, n (%) 0.108

 Colon 2095 (86.6) 1849 (86.3)  

 Rectum 323 (13.4) 293 (13.7)  

Histopathology, n (%) 0.242

 Adenoma 2016 (83.4) 1788 (83.5)  

 Serrated polyps 365 (15.1) 319 (14.9)  

 Cancer or HGD 37 (1.5) 35 (1.6)  

Resection, n (%) 0.199

 En bloc 2307 (95.4) 2026 (94.6)  

 Piecemeal 111 (4.6) 116 (5.4)  

CAEL, clip-assisted endoloop ligation; HGD, high-grade dysplasia.

https://journals.sagepub.com/home/tag


J-H Xu, P Gao et al.

journals.sagepub.com/home/tag 5

0.029—0.3335; p = 0.000). The location (colon 
versus rectum) of the tumor (OR, 11.888; 95% CI, 
3.343–42.269; p = 0.001) represented a significant 
independent risk factor for PDB. The location 
(colon versus rectum) of polyps (OR, 11.888; 95% 
CI, 3.343–42.269; p = 0.001) represented a signifi-
cant independent risk factor for PDB.

Discussion
In this case control study, we demonstrated that 
completely no-gap closure of mucosal defect after 
EMR for polyps sized between 6 and 15 mm with 
CAEL method, significantly reduced the overall 
rate of PDB compared to prophylactic SCC. 
Polyps located at the rectum may be a significant 

Table 2. Outcomes of PDB.

CAEL Control p Value

Parameter

Overall PDB, n (%) 15 (0.6) 31 (1.5) 0.005

 Clinically significant 2 (0.1) 6 (0.3) 0.112

 Minor 13 (0.5) 25 (1.2) 0.020

Location of PDB, n (%)

 Colon 10 (0.47) 24 (1.3) 0.005

 Rectum 5 (1.5) 7 (2.3) 0.451

PDB, postprocedural delayed bleeding; CAEL, clip-assisted endoloop ligation.

Table 3. Factors related to postprocedural delayed bleeding.

Univariate p Value Multivariate p Value

 OR (95% CI) OR (95% CI)  

Intervention

 Control 1.0 1.0  

 CAEL 0.425 (0.229–0.790) 0.000 0.092 (0.029–0.333) 0.000

Size

 6–9 mm 1.0 1.0  

 10–15 mm 1.194 (0.626–2.276) 0.591 0.588 (0.261–1.326) 0.201

Location

 Colon 1.0 1.0  

 Rectum 2.285 (1.177–4.473) 0.015 11.888 (3.343–42.269) 0.001

Resection

 En bloc 1.0 1.0  

 Piecemeal 1.336 (0.411–4.340) 0.630 0.861 (0.115–6.449) 0.884

Histopathology

 Adenoma 1.0 1.0  

 Serrate polyps 1.300 (0.631–2.680) 0.476 1.319 (0.355–4.897) 0.679

 HGD or cancer 1.321 (0.574–2.985) 0.512 1.352 (0.279–5.324) 0.643

CAEL, clip-assisted endoloop ligation; OR, odds ratio; CI, confidence interval; HGD, high-grade dysplasia.
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independent risk factor for PDB. Prophylactic 
CAEL method did not reduce the rate of PDB for 
rectal polyps.

Although some data7,19,20 presented in the litera-
ture showed no definitive advantages of clipping 
after EMR for preventing PDB, especially for 
removal of 6–9 mm polyps. Lots of studies5,21–25 
showed that clip closure after EMR of large colo-
rectal lesions is cost effective, especially in patients 
with a high risk of bleeding. Besides, complete 
closure of mucosal defect showed superior effi-
cacy in preventing PDB compared with partial 
closure. Our study showed that compared with 
the traditional SCC method, for patients with 
polyp size between 6 and 15 mm, the CAEL 
method of completely closing the defect without 
gaps further reduced the incidence of PDB to a 
very low level (1.5% versus 0.6%), which may 
make it possible to manage such polyp patients 
with outpatient surgical mode. Because of con-
cerns about the adverse effects of PDB after pol-
ypectomy, patients with polyp size of 6–15 mm in 
China often need to be hospitalized to complete 
surgical treatment, which increases the medical 
burden and brings inconvenience to patients.

Clip closure of the mucosal defect after EMR for 
colorectal polyps has long been considered to 
reduce the risk of PDB; however, there may be 
injured blood vessels not closed left in the gaps 
between clips, which may be a major risk factor 
involved in PDB. Several studies have demon-
strated that some conditions related to injured 
blood vessels during polypectomy were important 
risk factors for PDB, such as intraprocedural 
bleeding,2,26 or more visible vessels within the 
post-EMR defect,27 and a ‘cherry red spot’ in the 
resection defect.28 Moreover, Lee et al.29 reported 
that prophylactic endoscopic coagulation of visi-
ble vessels in the post-EMR defect reduced 
delayed overall post-EMR bleeding. So, in our 
study, treated with CAEL method, the injured 
blood vessels in the gaps between clips were 
ligated completely, which may be an important 
reason for the reduction of PDB. When closing 
the mucosal defect after polypectomy, the spacing 
of clip placement was 4 and 2 mm in CEAL group 
and SCC group, respectively. For complete clo-
sure of a mucosal defect, the CEAL group used 
1.8 clips less and one nylon rope more than the 
SCC group on average. There was no significant 
difference in the total medical expenses between 
the two groups.

In our study, although the mucosal defect after 
EMR was completely no-gap closed with CAEL 
method, PDB still occurred. Presumably, the 
reason may be that although the mucosal surface 
of defect was completely no-gap closed, the 
damaged blood vessels in the deep submucosa 
and muscle layer were not completely closed. It 
was hypothesized that these vessels might 
account for clinically significant PDB. Moreover, 
even if these injured blood vessels were closed 
with clips and endoloop during polypectomy, 
delayed bleeding will still occur after the detach-
ment or displacement of the clips and endoloop. 
Due to the influence of fecal and defecation 
pressure on the rectum, the clips and endoloop 
are more likely to shift or fall off, which may be 
the reason why the rectum is more prone to 
PDB. In our study, 6 cases of PDB occurred 
within 48 h after polypectomy and 36 cases 
occurred 3–7 days after polypectomy. The time 
of PDB occurrence also indirectly supported this 
conjecture.

Unexpectedly, in this study we identified that the 
rate of PDB for rectum polyps was significantly 
higher than that for colon polyps. Although with 
CAEL method, the incidence of PDB for colon 
polyps significantly reduced, it has no significant 
preventive effect for rectal polyps. Multivariate 
analysis revealed that the location of polyps in the 
rectum was a significant independent risk factor 
for PDB, which was similar with three previous 
studies.29–31 Presumably, PDB occurred more 
easily in the rectum than the colon because of the 
following reason: First, the mechanical force dur-
ing straining to defecate is more likely to cause 
detachment or displacement of the clips and 
endoloop. Second, blood vessels are more abun-
dant in the rectum owing to the venous plexus. 
Third, solid stool is stored for greater periods in 
the rectum than in the colon; therefore, the surgi-
cal area in the rectum is subjected to more 
mechanical force.

A single-center setting, retrospective study design, 
and comparison with historical control were 
major limitations of this study. Nonetheless, the 
data of patients were prospectively collected from 
our completely maintained database and all pro-
cedures were performed by one of three experi-
enced endoscopists randomly, so the selection 
bias might not be substantial. In addition, there 
are still several other limitations: (1) the size of 
polyps in our study is between 6 and 15 mm. 
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Using CAEL method, the mucosal defect of these 
polyps after EMR can be completely closed; how-
ever, for polyps larger than 15 mm, complete clo-
sure for some postprocedural mucosal defects are 
difficult or cannot be done. It is uncertain whether 
CAEL method is effective in preventing PDB for 
these patients. (2) Compared with the control 
group, CAEL method reduced the incidence of 
clinically significant PDB (0.1% versus 0.3%), but 
the difference was not statistically significant. 
This may be related to the low incidence of clini-
cally significant PDB in the real clinical practice. 
To answer this question, a larger study sample 
size is needed. (3) In this study, complete closure 
of mucosal defects by prophylactic CAEL did not 
further reduce the incidence of rectal PDB com-
pared with SCC. New methods need to be found 
to reduce rectal PDB. (4) In this study, we mainly 
compared the preventive effects of two different 
operation methods on PDB. When designing the 
study scheme, we excluded those patients who 
were taking antiplatelet/anticoagulant to exclude 
the influence of this confounding factor on the 
statistical results, which may affect the generaliz-
ability of the study result.

Conclusion
In conclusion, completely no-gap closure of 
mucosal defect after EMR further reduced the 
rate of PDB for polyps sized between 6 and 
15 mm. Polyps located at the rectum may be a 
significant independent risk factor for PDB. The 
CAEL method may be a significant independent 
preventive factor for PDB.
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