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Abstract
Background Endoscopic submucosal dissection (ESD) has gained increasing popularity in the management of complicated 
colorectal polyps. However, clinical outcomes for ESD have remained highly inconsistent worldwide. This study investigated 
and analysed factors that significantly affect ESD outcomes.
Methods We conducted a single-centred retrospective study on 220 colorectal polyps removed by ESD from 1st January 
2016 to 31st December 2020. Data were collected and retrieved from clinical records. Variables studied included patient 
demographics, ESD technicalities and polyp characteristics. The primary outcome was completeness of resection based on 
en bloc and R0 resection rates. The secondary outcomes were recurrence, complications and hospital stay. Further analysis 
was performed for significant outcome determining factors.
Results The en bloc resection and R0 resection rates were 97.3% and 65% respectively. Intraprocedural and delayed perfora-
tion rates were 3.2% and 0.5% respectively. Intraprocedural and delayed bleeding rates were both 1.8%. Post-polypectomy 
syndrome rate was 2.7%. The median hospital stay was 4 days. Submucosal fibrosis was a significant determining factor for 
lower en bloc resection (p = 0.004), lower R0 resection (p = 0.002), intraprocedural perforation (p = 0.001), intraprocedural 
bleeding (p = 0.025) and post-polypectomy syndrome (p = 0.039). Hybrid snaring was associated with lower en bloc resec-
tion (p < 0.001), while longer ESD time was associated with lower R0 resection (p = 0.003) and post-polypectomy syndrome 
(p = 0.025). Other significant factors for post-polypectomy syndrome included young age (p = 0.021) and large polyp size 
(p = 0.018). Secondary analysis showed that submucosal fibrosis was significantly associated with non-granular lesions 
(p < 0.001) and prior biopsy (p = 0.003).
Conclusion Submucosal fibrosis, hybrid snaring, ESD time, age and polyp size were significant outcome determining factors 
for ESD. By identifying these factors, strategies may be formulated to improve ESD outcomes.
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Over the past decade, endoscopic submucosal dissection 
(ESD) has emerged as the mainstay of management for large 
and sessile colorectal polyps, especially lateral spreading 
tumours. ESD was first introduced in the 1990s in Japan as 
a treatment modality for early gastric cancers. Since then, 
its indications have extended to the colorectal sector. Com-
pared to traditional surgery and endoscopic mucosal resec-
tion (EMR), colorectal ESD has the advantage of being less 
invasive with lower overall operative risk [1] and a higher en 
bloc resection rate respectively. However, ESD is known for 

being technically demanding and challenging with substan-
tial perforation and bleeding risks. While studies in Japan 
showed high en bloc resection rates of > 90% with low com-
plication rates of 1–5% [2], such results have not been repli-
cated globally. In order to seek ways and formulate strategies 
to improve colorectal ESD outcomes, we conducted a study 
to identify important determining factors.

Materials and methods

Patients

Our study was a single-centred retrospective study on colo-
rectal ESDs performed over a 5-year period. The study was 

and Other Interventional Techniques 

 * Chi Woo Samuel Chow 
 samuelchowcw@gmail.com

1 Department of Surgery, Queen Elizabeth Hospital, 30 
Gascoigne Road, Kowloon, Hong Kong, China

http://orcid.org/0000-0003-3747-9070
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-022-09672-2&domain=pdf


 Surgical Endoscopy

1 3

conducted in Queen Elizabeth Hospital, a local tertiary 
hospital with around 50 colorectal ESDs performed every 
year. As this retrospective study was a review of clinical 
records, IRB approval or written consent was not required. 
We included all colorectal polyps removed by ESD from 
1st January 2016 to 31st December 2020. The indica-
tions for ESD were lesions that cannot be removed en bloc 
with EMR. This was in accordance to the Colorectal ESD 
Standardization Implementation Working Group [3]. The 
feasibility of ESD was assessed prior to ESD and during 
ESD. Lesions that showed non-lifting sign or muscle inva-
sion were deemed not suitable for ESD and excluded from 
analysis. The endoscopists in our study were colorectal spe-
cialists who had performed more than 1000 colonoscopies 
and were equipped with advanced skills. All of them had no 
prior experience in gastric ESD and received ESD training 
in simulators and animal models in Japan. The indications, 
risks and benefits of ESD were explained to the patients 
and all patients provided written informed consents. Patients 
were given mechanical bowel preparation and antibiotics 
prior to the procedures. The procedural details of ESD were 
similar to that described by Saito [4]. All procedures were 
done under conscious sedation with midazolam and fenta-
nyl. Water-jet endoscopes with short-type ST hoods were 
used. Air was used for colonic insufflation. All polyps were 
assessed endoscopically under white line and Narrow Band 
Imaging (NBI). Hyaluronic acid mixed with indigo carmine 
was used for submucosal elevation. Lesions were marked 
with electrocautery prior to dissection. Scissors-type and/
or needle-type ESD knives were used for dissection. Hybrid 
snaring was used for selected lesions to facilitate resection. 
Hybrid snaring is a technique that combines ESD and snar-
ing, in which a circumferential mucosal incision was made 
followed by partial submucosal dissection and snaring [5]. 
Haemostatic graspers were used for haemostasis or control 
of non-bleeding visible vessels. Endoclips were used to man-
age small perforations or appose mucosal defects whenever 
possible. All resected specimens were retrieved and sent for 
pathological assessment. All patients were hospitalised to 
observe for any complications. Surveillance colonoscopies 
were arranged 6 months later for lesions with piecemeal 
resection or positive margins. For lesions with complete en 
bloc resection and negative margins, surveillance colonos-
copies were arranged 12 months later.

Data collection

Data were collected retrospectively from clinical notes, 
endoscopic records and photos. Data recorded included 
patient demographics such as age and sex; operating 
endoscopists; procedural technicalities such as procedural 
time, type of ESD knife used, hybrid snaring, use of trac-
tion aids, use of haemostatic grasper and use of endoclip; 

polyp characteristics such as size, location, morphology, 
granularity, capillary pattern, pit pattern, submucosal fibro-
sis, previous tattoo injection, previous biopsy and previous 
submucosal elevation; pathological assessment such as his-
tology, degree of dysplasia and margin; complications such 
as perforation, bleeding, post-polypectomy syndrome and 
outcomes such as en bloc resection rate, R0 resection rate, 
recurrence rate, reintervention rate, 30-day readmission rate 
and length of hospital stay. Morphology was based on Paris 
classification. Pit pattern was based on Kudo’s classification, 
and Capillary pattern was based on Sano’s classification. 
Submucosal fibrosis was defined as the endoscopic appear-
ance of white fibres in the transparent submucosal layer. En 
bloc resection was defined as complete gross resection of 
the lesion in a single specimen. R0 resection was defined as 
microscopic absence of dysplastic or neoplastic cells at the 
circumferential and deep margins. Intraprocedural perfora-
tion was defined as full-thickness defect with visualisation 
of visceral fat during ESD. Intraprocedural bleeding was 
defined as the presence of oozing or spurting during ESD. 
Delayed perforation was defined as perforation occurring 
after completion of the procedure [6] evidenced by abdomi-
nal pain, peritoneal sign and the presence of pneumoperi-
toneum on imaging. Delayed bleeding was defined as clini-
cally significant bleeding manifesting as per-rectal bleeding 
or melena, or a drop in the haemoglobin by more than 2 g/
dL after ESD [7]. Post-polypectomy syndrome was defined 
as the presence of abdominal pain, fever and leukocytosis 
after ESD in the absence of perforation [8]. Recurrence was 
defined as histologically proven lesion at the ESD site during 
follow-up colonoscopy 6 or 12 months later. Missing data 
were recorded and excluded from analysis.

Statistical analysis

Statistical analysis was carried out using IBM SPSS statis-
tics 20. Univariate analysis was performed for continuous 
and categorical variables. Mean with standard deviation and 
median with interquartile range were calculated for continu-
ous variables. Multivariate analysis was performed to exam-
ine the association and relationship between variables and 
outcome. Point biserial correlation was used for continu-
ous variables, while chi-squared test and fisher’s exact test 
were used for categorical variables. Odds ratio for statisti-
cally significant associating factors were generated using 
logistic regression. Statistical significance was two-tailed 
and defined as p ≤ 0.05. For significant outcome determin-
ing factors, multiple logistic regression was carried out to 
identify significant independent predictors (Table 1).
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Results

Flowchart and basic characteristics

From 1st January 2015 to 31th December 2020, 246 colo-
rectal polyps were recruited for ESD. 220 polyps were suc-
cessfully removed with ESD and included for analysis, while 
26 polyps were deemed not suitable for resection during 
ESD and excluded. Figure 1 shows the study flowchart. 
Table 2 summarises the patient demographics, distribution 
of endoscopists, polyp characteristics and technicalities. In 
our sample, there were more male patients (64.5%) and the 
median age was 69. Majority of the polyps were granular 
(51.4%) lateral spreading tumours (81.4%) located in the 
right colon (39.1%), with Sano II capillary pattern (66.8%) 
and Kudo IV pit pattern (53.6%). Most of the polyps had 
biopsy prior to ESD (82.7%). The mean polyp size was 
2.58 cm. For pathological examination, polyps were mainly 
tubular adenomas (44.5%) and low-grade dysplastic lesions 
(53.6%). For technicalities, the majority of ESDs were per-
formed with forceps-type knives (84.5%) with no use of trac-
tion aids (98.6%) or haemostatic graspers (60.5). Most of 
the defects were clipped (67.3%). The mean ESD time was 
78.37 min. Majority of patients had follow-up surveillance 
colonoscopy (59.1%).

Outcomes

Table 2 summarises the ESD outcomes. The en bloc resec-
tion rate was 97.3%. The R0 resection rate was 65% and 
3.2% were undetermined. Out of those with positive mar-
gins, 72.9% were circumferential, 2.9% were circumferen-
tial and deep and 24.2% were nonspecific. The intraproce-
dural and delayed perforation rates were 3.2% and 0.5%, 
respectively. All intraprocedural perforations were managed 
with endoscopic clipping. There was one case of delayed 

Table 1  Patient demographics, distribution of endoscopists, charac-
teristics of polyps and technicalities of ESD

Gender
Male (n, %) 142 (64.5)
Female (n, %) 78 (35.5)
Age (y, median ± IQR) 69 (46–91)
Endoscopist (n, %)
A 26 (11.8)
B 112 (50.9)
C 69 (31.4)
D 13 (5.9)
Location (n, %)
Right colon 86 (39.1)
Transverse colon 34 (15.5)
Left colon 62 (28.2)
Rectum 38 (17.3)
Morphology (n, %)
Ip 6 (2.7)
Is 35 (15.9)
LST 179 (81.4)
Granularity (n, %)
Granular 113 (51.4)
Non-granular 107 (48.6)
Capillary pattern (Sano) (n, %)
1 13 (5.9)
2 147 (66.8)
3a 59 (26.8)
3b 0 (0)
Missing 1 (0.5)
Pit pattern (Kudo) (n, %)
I 1 (0.5)
II 20 (9.1)
III 74 (33.6)
IV 118 (53.6)
V 6 (2.7)
Missing 1 (0.5)
Prior tattoo injection (n, %) 33 (15)
Prior biopsy (n, %) 182 (82.7)
Multiple biopsy 46 (20.9)
Prior submucosal injection (n, %) 6 (2.7)
Submucosal fibrosis (n, %) 88 (40)
Size (cm, mean + / − SD) 2.58 + / − 0.081
Histology (n, %)
Adenocarcinoma 21 (9.5)
Villous adenoma 5 (2.3)
Tubulovillous adenoma 71 (32.3)
Tubular adenoma 98 (44.5)
Serrated adenoma 19 (8.6)
Hyperplastic 3 (1.4)
Others 3 (1.4)
Degree of dysplasia (n, %)
None 10 (4.5)

Table 1  (continued)

Low grade 118 (53.6)
High grade 71 (32.3)
Not applicable 21 (9.5)
Type of knife (n, %)
Forceps type 186 (84.5)
Needle type 14 (6.4)
Both 20 (9.1)
Use of traction aids (n, %) 3 (1.4)
Use of haemostatic grasper (n, %) 87 (39.5)
Clipping of defect (n, %) 148 (67.3)
Hybrid snaring (n, %) 28 (12.7)
ESD time (mins, mean + / − SD) 78.37 + / − 4.51
Surveillance colonoscopy (n, %) 130 (59.1)
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perforation, which required emergency operation and colec-
tomy. The intraprocedural and delayed bleeding rates were 
both 1.8%. 3 out of 4 cases of intraprocedural bleeding 
required the use of haemostatic graspers. 2 out of 4 cases 
of delayed bleeding were managed with endoscopic clip-
ping. The other 2 were managed conservatively with medical 
treatment. The post-polypectomy syndrome rate was 2.7%. 
The median hospital stay was 4 days. 30-day readmission 
and reintervention rates were 2.3% and 1.8%, respectively. 
2 readmissions were due to delayed bleeding, while the 
other 3 were not related to ESD. There were 4 reinterven-
tion cases, 1 for delayed perforation, 2 for delayed bleeding 
and 1 for re-clipping of mucosal defect. Local recurrence 
rate was 2.3%. In our series, there were 21 malignant polyps 
(9.5%), in which 6 had subsequent colectomies (28.6%) due 

to high-risk histological features, close or involved margins 
and deep submucosal invasion. There was 1 local recurrence 
(4.8%) that occurred in a patient who refused colectomy for 
close margin.

Completeness of resection and recurrence

En bloc resection was significantly lower in the presence 
of submucosal fibrosis (p = 0.004, OR 0.0478) and with the 
use of hybrid snaring (p < 0.001; OR 0.024). R0 resection 
was significantly lower in the presence of submucosal fibro-
sis (p = 0.002; OR 0.353) and with longer duration of ESD 
(p = 0.025; OR 0.993). Recurrence was significantly higher 
with lower en bloc resection (p = 0.006; OR 0.028). Tables 3, 

Fig. 1  Flowchart of analysis

Table 2  Clinical and pathological outcomes

En bloc resection (n, %) 214 (97.3)
R0 resection (n, %) 143 (65)
R1 resection (n, %) 70 (31.8)
– Circumferential margin 51 (72.9)
– Deep margin 0 (0)
– Circumferential and deep margins 2 (2.9)
– Not specified 24 (24.2)
Undetermined resection (n, %) 7 (3.2)
Perforation (n, %)
– Intraprocedural 7 (3.2)
– Delayed 1 (0.5)
Bleeding (n, %)
– Intraprocedural 4 (1.8)
– Delayed 4 (1.8)
Post-polypectomy syndrome 6 (2.7)
Length of hospital stay (days, median, IQR) 4 (1–23)
Reintervention (n, %) 4 (1.8)
30 day readmission (n, %) 5 (2.3)
Local recurrence (n, %) 5 (2.3)

Table 3  Determining factors for en bloc resection

P value Odds ratio 95% Confidence 
Interval

Gender 0.668
Age 0.948
Endoscopist 0.07
Location 0.649
Morphology 1
Granularity 1
Prior tattoo injection 0.222
Prior biopsy 1
Prior submucosal injec-

tion
0.155

Submucosal fibrosis 0.004 0.0478 0.00267–0.754
Size 0.591
Histology 0.702
Degree of dysplasia 0.761
Type of knife 1
Use of traction aids 1
Hybrid snaring  < 0.001 0.024 0.003–0.215
ESD time 0.287
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4 and 5 show the relationship between the determining fac-
tors and resection completeness and recurrence.

Complications

Intraprocedural perforation and bleeding were both sig-
nificantly higher in the presence of submucosal fibrosis 
(p = 0.001, OR 24.386; p = 0.025, OR 14.126, CI 1.477 to 

1879.95). Delayed perforation and delayed bleeding were 
not significantly associated with any factors. Post-polypec-
tomy syndrome was significantly higher for younger age 
(p = 0.021, OR 0.905), submucosal fibrosis (p = 0.039, OR 
5.766), larger polyp size (p = 0.018, OR 1.505) and longer 
duration of ESD (p = 0.029, OR 1.008). Tables 6, 7 and 8 
show the relationship between the determining factors and 
complications.

Hospital stay

Hospital stay was significantly longer for elder patients 
(p = 0.002), females (p < 0.001), longer duration of ESD 
(p < 0.001), intraprocedural perforation (p < 0.001), delayed 
perforation (p = 0.012) and post-polypectomy syndrome 
(p < 0.001). Table 9 shows the relationship between differ-
ent factors and hospital stay.

Outcome determining factor

Submucosal fibrosis was found to be a significant outcome 
determining factor for completeness of resection and com-
plications. Further analysis was performed to identify inde-
pendent predictors of submucosal fibrosis. Table 10 sum-
marises the results. Submucosal fibrosis was significantly 
higher for non-granular lesions (p < 0.001, OR 3.539) and 
prior biopsy (p = 0.003, OR 4.813).

Discussion

Our study was the largest local series on colorectal ESD 
by far. Overall, we achieved a high en bloc resection rate 
and a low complication rate. The en bloc resection rate 
was 97.3%, which was consistent with reports worldwide 
(79.4–99.5%) [9]. The largest retrospective case series of 
1259 colorectal lesions by the Hiroshima group showed an 
en bloc resection rate of 92.6% [10], while a meta-analysis 
of 97 studies showed an en bloc resection rate of 91% for 
colorectal ESD [11]. Although our en bloc resection rate was 
high, there were considerable differences in case selection 
compared to studies at expert centres. Our sample consisted 
of smaller lesions and fewer malignant lesions. Also, we 
included non-lifting sign as an exclusion criterion for ESD, 
which could have potentially excluded more difficult lesions. 
In our study, submucosal fibrosis and hybrid snaring were 
significant determining factors for low en bloc resection 
rate. These findings were demonstrated in previous stud-
ies, which also revealed other significant factors including 
poor submucosal lifting and long duration of ESD [12, 13]. 
Our R0 resection rate was 65%, which was lower than that 
from the literature (69–97%) [9]. In our study, the majority 
of involved margins were circumferential rather than deep. 

Table 4  Determining factors for R0 resection

P value Odds ratio 95% Confidence 
Interval

Gender 0.647
Age 0.079
Endoscopist 0.258
Location 0.824
Morphology 0.230
Granularity 0.47
Prior tattoo injection 0.836
Prior biopsy 0.126
Prior submucosal injec-

tion
0.334

Submucosal fibrosis 0.002 0.353 0.196–0.638
Size 0.8
Histology 0.107
Degree of dysplasia 0.104
Type of knife 0.214
Use of traction aids 1
Hybrid snaring 0.112
ESD time 0.025 0.993 0.988–0.998

Table 5  Determining factors for recurrence

P value Odds Ratio 95% 
Confidence 
Interval

Gender 0.658
Age 0.561
Endoscopist 0.672
Location 0.929
Morphology 1
Granularity 1
Submucosal fibrosis 0.085
Size 0.616
Histology 0.471
Degree of dysplasia 0.45
Hybrid snaring 0.123
ESD time 0.325
En bloc resection 0.006 0.028 0.004–0.22
R0 resection 0.599
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Table 6  Determining factors for perforation

Intraprocedural Delayed

P value Odds ratio 95% Confidence Interval P value Odds ratio 95% 
Confidence 
Interval

Gender 0.248 0.355
Age 0.634 0.455
Endoscopist 0.769 1
Location 0.296 1
Morphology 0.673 1
Granularity 1 0.486
Prior tattoo injection 0.071 1
Prior biopsy 0.607 1
Prior submucosal injection 1 1
Submucosal fibrosis 0.001 24.386 2.907–3181.15 1
Size 0.461 0.216
Histology 0.669 1
Degree of dysplasia 0.761 1
Type of knife 1 0.064
Traction aids 1 1
Haemostatic grasper 0.249 0.395
Clipping of defect N/A 0.327
Hybrid snaring 0.219 1
ESD time 0.309 0.557

Table 7  Determining factors for bleeding

Intraprocedural Delayed

P value Odds ratio 95% Confidence Interval P value Odds ratio 95% 
Confidence 
Interval

Gender 1 1
Age 0.644 0.479
Endoscopist 0.068 0.204
Location 0.7551 0.123
Morphology 1 1
Granularity 0.358 0.358
Prior tattoo injection 1 1
Prior biopsy 1 0.534
Prior submucosal injection 1 1
Submucosal fibrosis 0.025 14.126 1.477–1879.95 0.651
Size 0.086 0.754
Histology 0.248 1
Degree of dysplasia 1 1
Type of knife 1 1
Traction aids 0.054 1
Haemostatic grasper 0.303 0.303
Clipping of defect N/A 0.599
Hybrid snaring 1 1
ESD time 0.113 0.543
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This may be due to inadequate lateral margin during dissec-
tion. Prior to dissection, lesions were assessed under white 
light and NBI only. Sometimes, the borders of subtle lesions, 
especially non-granular lesions, may be difficult to delineate. 
The combination of chromoendoscopy with 0.4% indo-car-
mine dye spray may facilitate the demarcation of lesions [4]. 
Furthermore, taking a wider margin during dissection may 
also enhance the R0 resection rate. In our study, submucosal 
fibrosis and long duration of ESD were significant factors 
associated with low R0 resection rate. This coheres with 

previous studies, which additionally also showed polyp loca-
tion and polyp size as significant factors [14–16]. Despite 
a low R0 resection rate, our recurrence rate was only 2.3%, 
which was similar to other case series and meta-analyses 
(0–5.8%) [11, 17–22]. However, we had a suboptimal rate of 
surveillance colonoscopy (59.1%) and the interval of follow-
up was short, which may underestimate the true recurrence 
rate. On the contrary, there may be an underestimation of the 
true R0 resection rate due to the cytological artefacts such as 
hyperchromasia and elongation of the nuclei created during 
electrocautery [23], which can affect the evaluation of the 
margin. In fact, multiple studies have shown that recurrence 
was not correlated with positive lateral margin following 
complete en bloc resection [24, 25]. In our study, recurrence 
rate was significantly correlated with en bloc resection rate, 
but not R0 resection rate. Therefore, en bloc resection rate 
might be a more clinically relevant outcome compared to 
R0 resection rate. Overall, our study showed that ESD is 
effective in treating large colorectal polys with a high suc-
cess rate.

Our overall complication rate was 0.5–3.2%, which 
was at the lower end compared with international studies 
(0–9.3%) [9]. Our intraprocedural and delayed perforation 
rates were 3.2% and 0.5%, respectively, comparable to a 

Table 8  Determining factors for post-polypectomy syndrome

Post-polypectomy syndrome

P value Odds ratio 95% Confidence 
Interval

Gender 0.189
Age 0.021 0.909 0.822–0.996
Endoscopist 0.901
Location 0.275
Morphology 0.655
Granularity 0.435
Prior tattoo injection 1
Prior biopsy 1
Prior submucosal injec-

tion
1

Submucosal fibrosis 0.039 5.766 1.126–56.997
Size 0.018 1.517 1.017–2.177
Histology 0.357
Degree of dysplasia 0.571
Type of knife 0.639
Use of traction aids 1
Use of haemostatic 

grasper
0.683

Clipping of defect 0.181
Hybrid snaring 0.563
ESD time 0.029 1.008 1.001–1.016

Table 9  Determining factors for 
length of hospital stay

P value

Gender  < 0.001
Age 0.002
ESD time  < 0.001
Perforation
Intraprocedural  < 0.001
Delayed 0.012
Bleeding
Intraprocedural 0.237
Delayed 0.257
Post-polypectomy 

syndrome
 < 0.001

Table 10  Predictors of submucosal fibrosis

P value Odds ratio 95% Confidence 
Interval

Right colon 0.33
Transverse colon 0.493
Left colon 0.095
Rectum 0.403
LST 0.173
Ip 0.417
Is 0.078
Granularity < 0.001 3.539 1.789–6.999
Capillary pattern 0.659
Pit pattern 0.629
Prior tattoo injection 0.221
Prior biopsy 0.003 4.813 1.733–13.369
Prior submucosal injec-

tion
0.130

Size 0.190
Hyperplastic 0.771
Serrated Adenoma 0.453
Tubular Adenoma 0.434
Tubulovillous Adenoma 0.386
Villous adenoma 0.516
Adenocarcinoma 0.479
Others 0.956
Degree of dysplasia 0.425
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recent meta-analysis that reported rates of 4.2% and 0.22%, 
respectively [26]. In our study, we found that submucosal 
fibrosis was significantly associated with intraprocedural 
perforation. This echoes with findings from reports world-
wide, which also revealed other risk factors such as large 
polyp size, polyp location and lack of operator experience 
[27]. All our intraprocedural perforations were successfully 
managed endoscopically with clipping, which is the recom-
mended first-line treatment for intraprocedural perforations 
[28, 29]. There was one delayed perforation in our study that 
required surgery. Delayed perforation is caused by thermal 
injury to the bowel wall during dissection. It is associated 
with poor prognosis and often requires surgery [22]. Our 
intraprocedural and delayed bleeding rates were both 1.8%, 
comparable to results from a meta-analysis (0.75% and 2.1%, 
respectively) [21]. Submucosal fibrosis was the only signifi-
cant factor associated with intraprocedural bleeding, while 
no factors were significantly associated with delayed bleed-
ing. Previous studies have shown that the use of anticoagu-
lation, large polyp size, rectal polyps and intraprocedural 
bleeding were significant risks factors for delayed bleeding 
[30, 31]. In our study, most cases of intraprocedural and 
delayed bleeding required the use of haemostatic graspers 
and endoclips. In fact, studies have recommended their use 
in tackling significant bleeding from major vessels and pre-
venting delayed bleeding by coagulating or clipping major 
exposed vessels [23]. Our post-polypectomy syndrome rate 
was 2.7%, lower than that in the literature (4.8–14.2%) [32]. 
Our study showed that younger age, larger polyp size and 
longer ESD duration were significantly correlated with post-
polypectomy syndrome. In addition to polyp size and ESD 
duration, reports have also shown that females, right-sided 
colonic lesions and submucosal fibrosis were associated with 
post-polypectomy syndrome. Although age was not reported 
previously as a significant factor, we postulate younger 
patients may mount a more florid inflammatory reaction 
and result in a more obvious clinical presentation. With low 
complication rates, our study showed that ESD is safe in 
treating large colorectal polyps with minimal morbidity.

Submucosal fibrosis was found to be a significant factor 
for outcomes of colorectal ESD. The presence of it resulted 
in lower en bloc and R0 resection rates, as well as higher per-
foration and bleeding rates. Similar findings were reported 
in the literature [12–16, 27]. Submucosal fibrosis is often 
induced by inflammation, tumour invasion or desmoplastic 
reaction [33]. In the presence of fibrosis, the submucosal 
plane becomes less well defined and obliterated at times. As 
a result, lifting and dissecting the tumour from the muscle 
layer becomes difficult, causing more incomplete resection 
and complications. The degree of submucosal fibrosis can 
be assessed endoscopically or histologically into no fibro-
sis (F0), mild fibrosis (F1) and severe fibrosis (F2). Endo-
scopically, it is based on the appearance after submucosal 

injection of indigo carmine solution [34]. Histologically, it 
is based on the extent and intensity of fibrosis [33]. Our 
study showed that non-granular LSTs and prior biopsy were 
significant independent predictors of submucosal fibrosis. 
While multiple studies have demonstrated more submu-
cosal fibrosis in non-granular LSTs [33, 35–37], the effects 
of prior biopsy were more controversial [37–39]. A recent 
study showed specifically that prior biopsy of non-granular 
LSTs increased the risk of submucosal fibrosis [37]. This 
is because in flat lesions, biopsy has a higher possibility of 
reaching the deeper layers, thereby generating subsequent 
inflammatory reaction. Previous studies also revealed other 
risk factors of submucosal fibrosis including large polyp 
size and submucosal cancers [14, 33, 35]. In order to reduce 
submucosal fibrosis, our findings suggest the importance of 
avoiding biopsies of colorectal polyps prior to ESD, espe-
cially non-granular LSTs. While biopsy has the benefit of 
distinguishing adenoma from adenocarcinoma, the accu-
racy was only 54% based on a previous study [37]. In fact, 
the Japan Gastroenterological Endoscopy Society (JGES) 
guideline recommends against biopsy prior to ESD [29]. 
This reinforces the importance of magnifying endoscopy, 
chromoendoscopy and NBI, which evaluate the morphology, 
surface pit and capillary patterns of colorectal polyps. This 
valuable information can help predict the risk of malignancy 
and the invasiveness of colorectal polyps. Other adjuncts 
such as endoscopic ultrasound and endocytoscopy have also 
been advocated [40]. However, these diagnostic adjuncts 
require training, expertise and experience. In our series, 
there was poor correlation between surface patterns and the 
risk of malignancy and submucosal invasion. Furthermore, 
there was a high rate of pre-ESD biopsy. This was because 
obtaining tissue biopsy still remains a common practice in 
our locality and most of the polyps referred for ESD were 
performed elsewhere.

Our study had several strengths. Firstly, it is the largest 
ESD case series in Hong Kong. Secondly, it was conducted 
in a high-volume centre. Thirdly, we examined a large and 
comprehensive list of variables that were well defined. 
Lastly, there were very few missing data. However, there 
were also a few limitations. Firstly, our study was retrospec-
tive. Secondly, it was conducted in a single centre, which 
would limit its generalisability. Thirdly, there were multiple 
endoscopists, which could introduce observation and perfor-
mance biases. Lastly, the surveillance colonoscopy rate was 
low, which could have underestimated the true recurrence. 
In fact, all patients were offered surveillance colonoscopy. 
However, the low rate could be explained by a combination 
of patient refusal due to advanced age and postponement 
of elective colonoscopies due to the COVID-19 pandemic.

Submucosal fibrosis, large polyp size, hybrid snaring, 
long duration of ESD and young age were significant factors 
associated with poor ESD outcomes. Non-granular LSTs 
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and polyps with prior biopsy were more likely to harbour or 
develop submucosal fibrosis. These factors can help identify 
difficult lesions that should be managed by more experi-
enced operators and help formulate strategies to improve 
ESD outcomes.
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