Impact of contrast dye submucosal pre-lifting on cold snare resection of small polyps: a randomized controlled trial
Submucosal lifting for small polyp polypectomy
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Abstract
Background/Aims
Small polyps are the most frequently detected lesions during colonoscopy, with an incomplete resection rate of 6.8% to 15.9%. This study aimed to improve small polyp cold snare resection radicality using submucosal contrast dye pre-lifting (PL+CSP).

Methods
This monocentric, prospective, randomized controlled trial compared the standard cold snare polypectomy technique (PL-CSP) with PL+CSP cold snare resection to evaluate endoscopic and histological complete resection rates, adverse events, procedural times, and polyp retrieval failure rates.

Results:
In 143 consecutively enrolled patients, 186 small polyps were detected and randomly assigned following a 1:1 ratio to the PL-CSP (n=97, 51.6%) and PL+CSP (n=90, 48.4%) techniques. Endoscopic (p=0.97) and histologic complete resection rates (p=0.23) did not differ significantly even in univariate analysis. The intraprocedural bleeding rate was significantly higher in the PL+CSP (35.8% vs. 8.3%, p<0.001) group as confirmed by the univariate analysis (p<0.001). The polyps retrieval failure rates were similar (p=0.83). Procedural time was significantly longer for PL+CSP (median time, 75 vs. 45 seconds; p<0.001), without impacting colonoscopy withdrawal time (p=0.215).

Conclusions:
PL+CSP for cold snare resection of small polyps did not improve endoscopic and histological complete resection rates and polyp sample retrieval. PL+CSP had higher rates of intraprocedural bleeding and was “time-consuming”.
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INTRODUCTION
Small polyps (<10 mm) were the most frequently detected polypoid lesions on colonoscopy (90%).1 However, despite their small dimensions, a considerable rate (4.6%–27%) of these lesions carry histological features of advanced adenoma.2,3
The European Society of Gastrointestinal Endoscopy (ESGE) guidelines recommend cold snare polypectomy (CSP) as the treatment of choice for endoscopic resection of sessile small polyps,4 given its good safety profile5 and efficacy in terms of radical resection.6 However, the incomplete resection rate of small polyps currently ranges from 6.8 to 15.9%.7,8 Furthermore, the CSP technique is significantly associated with polyp retrieval failure during colonoscopy9 due to the fragmentation of specimens inside the suction channel10 or the loss of fecal waste. Given that incomplete polyp resection has been estimated to cause 10% to 28% of all interval CRCs,11 the selection of the best endoscopic resection technique, even for small polyps, is crucial to guarantee radical removal of the lesion. Submucosal injection during CSP for endoscopic resection of small non-pedunculated polyps failed to show improvement in histological complete resection and the rate of adverse events compared with hot snare polypectomy12 or CSP not preceded by submucosal saline injection.13-15
Therefore, we postulated that submucosal pre-lifting with a contrast dye solution (saline and indigo carmine), routinely employed for hot snare endoscopic mucosal resection, could lead to a higher complete resection rate of non-pedunculated small polyps (6–9 mm) by CSP given the better demarcation of margin lesions by the contrast dye thus aiding the endoscopist during the procedure. This study is a prospective randomized trial that aimed to compare routine CSP (PL-CSP) to the same technique preceded by a submucosal pre-lifting with saline-indigo carmine solution (PL+CSP) for removal of non-pedunculated small polyps (6–9 mm) in terms of (1) endoscopic complete resection (ECR), (2) histologic complete resection (HCR) rate, (3) early and late adverse events rate, (4) polyp retrieval failure rate, and (5) procedure time.

MATERIALS AND METHODS
Study design
This prospective monocentric randomized controlled clinical trial conducted in the Complex Gastroenterology Department of Bologna AUSL aimed to compare the PL+CSP and PL-CSP techniques for non-pedunculated small polyps (6–9 mm) resection. All the Digestive Endoscopic Service points, afferent to the Complex Gastronterology Department of Bologna AUSL and situated in five different hospitals (Bellaria, Maggiore, Bentivoglio, San Giovanni in Persiceto, and Bazzano Hospitals), were involved in the experiment.
This study aimed to evaluate the following aspects of the performance of the two resection techniques: (1) The ECR rate is defined as the absence of visible residual adenomatous tissue after margin inspection with narrow-banding imaging (NBI) at the end of polypectomy; (2) The HCR rate, which is defined by polyp margin specimens free from adenomatous tissue at histopathological analysis. Margins were considered negative if at least one non-dysplastic crypt was present on both sides of the polyp; (3) Early and late adverse event rates; (4) Polyp retrieval failure rate; (5) Procedure time.
The study was conducted from September 1, 2021, to May 1, 2023. The endoscopic procedures were performed at all Digestive Endoscopic Service points, which shared the same medical staff, who worked in shifts in all five hospitals, and were equipped with the same endoscopic instruments and devices.

Patients
Patients aged 18 to 85 years who were able to provide written informed consent were prospectively enrolled if one or more 6 to 9 mm non-pedunculated polyps were detected during elective colonoscopy. The exclusion criteria were the following: (1) Boston bowel preparation scale (BBPS) less than 6, (2) patient history of intestinal inflammatory disease, (3) known coagulopathy (international normalised ratio ≥1.5 or platelet count ≤50,000/mmc), (4) double antiplatelet or anticoagulant therapy not discontinued following ESGE recommendations,16 (5) personal history of digestive polyposis, and (6) pregnancy.
Each patient scheduled for elective colonoscopy at the Digestive Endoscopy Service points was invited to participate in this study. After obtaining written informed consent, the patients were enrolled if one or more eligible polyps were detected.

Randomization
Enrolled patients were assigned following a 1:1 ratio to an endoscopic resection technique (PL+CSP or PL-CSP) after consultation with a block randomization sequence available at each Digestive Endoscopy Service point previously generated by specific software. The assigned technique was then applied to each small (6–9 mm) non-pedunculated polyp detected during colonoscopy and performed at each involved Digestive Endoscopy Service point during the same session. When different techniques were applied by the endoscopist, data were collected using the study Case Report Form.

Polypectomy procedure
All procedures were performed by twelve experienced endoscopists at the five mentioned Digestive Endoscopy Service points. Colonoscopies were performed after routine bowel preparation under conscious sedation following patient preference using standard, pediatric, or long colonoscopes (Olympus) equipped with NBI technology.
The polyp size was estimated by visual comparison with the snare diameter (10 mm) or snare/needle catheter diameter (3 mm). The polyp morphology was described following the Paris classification.17 After eligible polyps were identified and the randomization list was consulted, polypectomy was performed as follows: (1) PL-CSP technique: The polyp was resected by a currently used 10 mm diameter snare polypectomy (Meditalia). The specimen was collected in a polyp trap after suction. The polypectomy site was carefully inspected using NBI to check for residual adenomatous tissue. In the absence of residual tissue, the ECR was considered satisfactory. If residual adenomatous tissue was detected at the polypectomy site, it was resected using CSP or biopsy forceps, following the dimensions of the residual polyps and the endoscopist’s preference. (2) PL+CSP technique: Using a 23 gauge needle (Boston Scientific), the polyp was first lifted by submucosal injection of a mixture of saline solution and indigo carmine. Polypectomy was performed using the PL-CSP.
During the polypectomy procedures, the endoscopist also checked for intraprocedural bleeding (spurting or oozing active bleeding lasting for more than 60 s or requiring endoscopic hemostasis) and signs of early post-polypectomy perforation. The procedural time was calculated from the introduction of devices for polypectomy inside the working channel to the appearance of specimens inside the polyp trap. Withdrawal time was calculated during colonoscope retraction from the cecum to the anus.

Patient observation and discharge
Enrolled patients underwent clinical observation for at least 1 hour after colonoscopy to check for early adverse events. Thirty days after hospital discharge, each enrolled patient was interviewed by phone and asked about late post-procedure adverse events.

Pathology analysis
All eligible specimens were collected in separate formaldehyde containers (BiopSafe) with the cutting base oriented on graph paper and enclosed inside a white cassette for histopathologic analysis. After proper fixation (12–24 hours), samples were macroscopically examined by two dedicated pathologists (PB or AF). If the specimen was ≥8 mm in the greatest axis, it was removed from the graph paper and cut into two parts along the longitudinal axis. If it was <8 mm, it was left on the graph paper and processed for histopathological analysis. Hematoxylin and eosin (H&E) slides were examined at least at three levels, the distance of which being 250 microns, or until consumption of the sample if the polyp base was not visible.
Excision margins were classified as not assessable, negative, or positive/intralesional. A polyp base with an intact or fragmented muscularis mucosa was the conditio sine qua non for margins to be considered assessable (Figs. 1, 2). Margins were considered negative if at least one non-dysplastic crypt was present on either side of the polyp. Pathological diagnoses were made following the 2019 World Health Organization classification of digestive system tumors.
[image: Fig. 1.]
Fig. 1. Complete resection of the tubular adenoma with low-grade dysplasia is illustrated here. Graph paper is visible at the base of the lesion (star), as well as a few non-dysplastic crypts in both lateral margins (arrows). Tiny smooth muscle bundles of the muscularis mucosae were also present (small arrow; hematoxylin and eosin, ×20).

[image: Fig. 2.]
Fig. 2. Depicted is a tubular adenoma with low-grade dysplasia wherein histological resection is not assessable (hematoxylin and eosin, ×20).


Sample size calculation
The sample size calculation was made employing the “Sample Size Calculator” from www.statology.org, considering the reported rates of histological complete resection by standard CSP (72%–73%)15 and the results of histological radicality obtained by contrast dye-preceded submucosal infiltration CSP in our pilot study (90%). The pilot study was performed by a small group of endoscopists (RS, AMP, FL, unpublished observations), and the results obtained were in line with those of the pilot study of Shimodate et al.15 (88%).
Therefore, given 80% statistical power and a 0.05 alpha error, the required sample size was at least 142 required cases. Considering a 5% rate of study dropout and that ≥1 small polyp may be detected in each patient, 150 patients were enrolled with at least one small polyp detected: 75 patients each were assigned to the PL-CSP and PL+CSP groups.

Statistical analysis
Statistical analysis was performed using the “R Core Team ver. 2021: a language and environment for statistical computing” software (Foundation for Statistical Computing). Continuous variables were described using median value and interquartile range (IQR), while categorical variables were expressed as frequencies and proportions,. Qualitative and quantitative variables were compared using the χ2 and Mann-Whitney U-tests, respectively. p-values <0.05 were considered statistically significant.

Outcomes
The primary outcome of this study was to compare the efficacy of the two techniques (PL+CSP vs. PL-CSP) in terms of (1) the ECR rate (absence of visible residual adenomatous tissue after margin inspection with NBI) and (2) the HCR rate (polyp margin specimen free from adenomatous tissue).
Secondary outcomes compared the procedures’ safety in terms of (1) intraprocedural bleeding rate (spurting or oozing active bleeding lasting for more than 60 seconds or requiring endoscopic hemostasis), (2) early post-procedural bleeding rate (active bleeding occurring after the end of the colonoscopy, until patient discharge from the observation room), (3) early perforation rate (endoscopic signs of iatrogenic perforation on polypectomy site or radiologic signs of perforation in patients with suspected clinical signs observed during post-colonoscopy observation), (4) late post-procedural bleeding rate (bleeding from the polypectomy site occurring from patient discharge until 30 days after the procedure), (5) late post-procedural iatrogenic perforation rate related to the polypectomy observed and documented after patient discharge within 30 days after procedure. Finally, procedural time and polyp retrieval failure rate were compared.

Ethical statements
The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008)18 and was approved by the Institutional Ethics Committee (October 9, 2020, CE AVEC n. 852-2020-SPER-AUSLBO). Moreover, it was accompanied by an additional insurance policy for each enrolled patient to promote patient coverage for study-related adverse events. Written informed consent was obtained from each study participant, and written documents describing the study details were provided to each enrolled patient.


RESULTS
Population and polyp data
One hundred 50 (n=150) patients were consecutively enrolled for the study following eligibility criteria. However, seven participants dropped out during different phases of the study: three retracted their consent after the endoscopic procedures, while four of them were unavailable at the “re-calling” phase 30 days after the procedure. Figure 3 illustrates a flowchart reporting all phases of study enrollment. Therefore, 143 (n=143) enrolled patients completed the study. The study was concluded in June 2023 after reaching the minimum sample size (n=150) expected to be sufficient to reach primary and secondary outcomes, as hypothesized during the drafting protocol.
[image: Fig. 3.]
Fig. 3. Depicted is a low chart illustrating the study enrollment of the population. PL+CSP, cold snare polypectomy preceeded by submucosal pre-linfting; PL-CSP, standard cold snare polypectomy.

Table 1 summarizes the patients’ overall characteristics. The median age was 66 years old (IQR, 61–73), and 48 (33.6%) were female, while 95 (66.4%) were male. Most participants were enrolled in the Bellaria Hospital Colon Unit (48.3%). The most common indications for colonoscopy were colorectal cancer screening (47.6%), post-polypectomy surveillance (20.3%), and colorectal bleeding (10.5%). In total, 29 (20.3%) and 6 (4.2%) patients were taking antiplatelet and home anticoagulant drugs, respectively. However, these drugs were discontinued appropriately before the procedure. Regarding comorbidities, 80 (55.9%), 11 (7.7%), and 5 (3.5%) had blood arterial hypertension, chronic kidney disease, and chronic heart failure (functional class I-II, New York Heart Association), respectively. None of the patients had liver cirrhosis. Meanwhile, 72 patients (50.3%) were randomly assigned to the PL-CSP technique, while 71 (49.7%) were assigned to the PL+CSP group.
Table 1. Patients’ clinical characteristics
	Characteristic	Value (n=143)
	Age (yr)	66 (61–73)
	Sex	
	 Male	95 (66.4)
	 Female	48 (33.6)
	Enrollment center	
	 Bellaria Hospital	69 (48.3)
	 Bentivoglio Hospital	10 (7.0)
	 Maggiore Hospital	14 (9.8)
	 Bazzano Hospital	26 (18.2)
	 San Giovanni in Persiceto Hospital	24 (16.8)
	Indications to colonoscopy	
	 Anemia	2 (1.4)
	 Weight loss	3 (2.1)
	 Fecal occult blood test positivity	7 (4.9)
	 Familiarity	9 (6.3)
	 Changes in bowel habits	10 (7.0)
	 Bleeding	15 (10.5)
	 Post-polypectomy surveillance	29 (20.3)
	 Colorectal cancer screening	68 (47.6)
	Antiplatelet/anticoagulant drugs	
	 Antiplatelet	29 (20.3)
	 Anticoagulant	6 (4.2)
	Comorbidity	
	 Blood arterial hypertension	80 (55.9)
	 Chronic kidney disease	11 (7.7)
	 Chronic heart failure	5 (3.5)


Values are presented as median (interquartile range) or number (%).


Tables 2 and 3 report the patient and polyp characteristics, respectively, subdivided by the polypectomy technique. Among 186 detected eligible polyps, 96 (51.6%) and 90 (48.4%) were resected using the PL-CSP and PL+CSP techniques, respectively. Comparing the clinical characteristics of the two groups, only the toilette score, defined by BBPS, differed significantly between the two populations. In particular, a better median score (n=8) was observed in the PL-CSP population compared to the PL+CSP group (n=7, p=0.043).
Table 2. Patient’s clinical characteristics, subdivided by polipectomy technique (PL+CSP vs. PL-CSP)
	Category	PL+CSP technique	PL-CSP technique	p-value
	Randomized patients (n=143)	71 (49.7)	72 (50.3)	
	Randomized elegible polyps (n=186)	90 (66.5)	96 (51.6)	
	Age (yr)	65 (61–71)	67 (62–75)	0.178
	Sex			0.722
	 Female	22 (31.9)	26 (36.1)	
	 Male	47 (68.1)	46 (63.9)	
	Antiplatelet/anticoagulant drugs			0.658
	 Antiplatelet	13 (18.8)	16 (22.2)	
	 Anticoagulant	4 (5.8)	2 (2.8)	
	Comorbidity			0.249
	 Blood arterial hypertension	35 (49.3)	45 (62.5)	
	 Chronic kidney disease	6 (8.5)	5 (6.9)	
	 Chronic heart failure	4 (5.6)	1 (1.4)	
	 Boston bowel preparation scale	7 (6–8)	8 (6–9)	0.043


Values are presented as number (%) or median (interquartile range).PL+CSP, cold snare polypectomy preceeded by submucosal pre-lifting; PL-CSP, standard cold snare polypectomy.


Table 3. Polyps’ characteristics, subdivided by polipectomy technique (PL+CSP vs. PL-CSP)
	Category	PL+CSP technique (90, 66.5%)	PL-CSP technique (96, 51.6%)	p-value
	Location			0.178
	 Cecum	7 (7.8)	3 (3.1)	
	 Ascending colon	14 (15.6)	28 (29.2)	
	 Transverse colon and flexures	15 (16.7)	18 (18.8)	
	 Descending colon	12 (13.3)	7 (7.3)	
	 Sigmoid colon	25 (27.8)	29 (30.2)	
	 Rectum	17 (18.9)	11 (11.5)	
	Morphology (Paris classification)			0.008
	 0–Is	71 (78.9)	85 (88.5)	
	 0–Isp	10 (11.1)	4 (4.2)	
	 0–Ip	0 (0)	0 (0)	
	 0–IIa	3 (3.3)	7 (7.3)	
	 0–IIb	6 (6.7)	0 (0)	
	 0–IIc	0 (0)	0 (0)	
	Size (mm)	5 (5–8)	5 (5–8)	0.912
	Histopathology			0.811
	 Sessile serrated lesion	4 (4.9)	7 (7.4)	
	 Hyperplastic polyp	8 (9.9)	12 (12.8)	
	 Tubular adenoma	65 (80.2)	71 (75.5)	
	 Villous/tubulo-villous adenoma	4 (4.9)	4 (4.3)	


Values are presented as number (%) or median (interquartile range).PL+CSP, cold snare polypectomy preceeded by submucosal pre-lifting; PL-CSP, standard cold snare polypectomy.



Primary outcomes
Table 4 reports the primary and secondary outcomes. The ECR was reached in all PL-CSP polypectomy cases. In one PL+CSP polypectomy case, the ECR was not satisfied, and the residual visible adenomatous tissue was resected by cold biopsy forceps. The ECR rates were not significantly different (p=0.97): 100% and 98.8% for PL-CSP and PL+CSP, respectively.
Table 4. Primary and secondary outcomes obtained in PL+CSP vs. PL-CSP technique
	Outcome	PL+CSP technique (90, 66.5%)	PL-CSP technique (96, 51.6%)	p-value
	Primary			0.974
	 Endoscopic complete resection			
	  Satisfied	89 (98.9)	96 (100)	
	  Not satisfied	1 (1.1)	0 (0)	
	Primary			
	 Histological complete resection			
	  Satisfied	37 (41.1)	34 (35.4)	0.233
	  Not satisfied	8 (8.9)	4 (4.2)	0.263
	  Indefinable	45 (50.0)	58 (60.4)	0.153
	  Sum of not satisfied and indefinable cases	53 (58.9)	62 (64.6)	0.517
	Secondary (safety)			< 0.001
	 Intraprocedural bleeding	32 (35.6)	8 (8.3)	
	 Early post-procedural bleeding	0 (0)	0 (0)	
	 Late post-procedural bleeding	0 (0)	0 (0)	
	 Early iatrogenic perforation	0 (0)	0 (0)	
	 Late iatrogenic perforation	0 (0)	0 (0)	
	Secondary (corollary)			
	 Polypectomy time (s)	75 (60–120)	45 (30–67.5)	<0.001
	 Withdrawal time (s)	900 (600–1,200)	840 (600–1,080)	0.215


Values are presented as number (%) or median (interquartile range).PL+CSP, cold snare polypectomy preceeded by submucosal pre-lifting; PL-CSP, standard cold snare polypectomy.


Similarly, the HCR rates did not differ significantly (p=0.23): 35.4% and 41.1% for the for the PL-CSP and PL+CSP techniques, respectively. Among cases wherein the HCR was unsatisfactory in the PL-CSP group, four cases (4.2%) had positive margins in histological specimens, whereas in most cases (n=58; 60.4%), the histological radicality was unclear. In the PL+CSP group, eight cases (8.9%) had positive margins, while in 45 cases (50%), histological radicality was not clearly definable.
Regarding the minority of cases of indefinite histological margins in the PL+CSP group (58 vs. 45), the rates of all unsatisfactory HCR cases (positive margins and indefinite margins) were compared but the difference was not statistically significant for both the positive (p=0.517) and indefinite (p=0.15, not statistically significant) margins.
Moreover, the polypectomy technique did not affect the HCR in the univariate analysis compared to other factors (polyp size, morphology, location, and toilette score), as illustrated in Table 5.
Table 5. Univariate analysis of factors correlated to HCR
	Factor	HCR satisfied (n=71)	HCR not satisfied (positive or indefinite margins) (n=115)	p-value
	Polypectomy technique			0.453
	 PL-CSP	34 (47.9)	62 (53.9)	
	 PL+CSP	37 (52.1)	53 (46.1)	
	Size (mm)	5 (5–8)	5 (5–8)	0.397
	Morphology def. Paris classification			0.932
	 0–Is	59 (83.1)	97 (84.3)	
	 0–Isp	5 (7.0)	9 (7.8)	
	 0–IIa	4 (5.6)	6 (5.2)	
	 0–IIb	3 (4.2)	3 (2.6)	
	Location			0.830
	 Cecum	3 (4.2)	7 (6.1)	
	 Ascending colon	16 (22.5)	26 (22.6)	
	 Transverse colon and flexures	10 (14.1)	23 (20.0)	
	 Descending colon	8 (11.3)	11 (9.6)	
	 Sigmoid colon	24 (33.8)	30 (26.1)	
	 Rectum	10 (14.1)	18 (15.7)	
	Boston bowel preparation scale	8 (7–9)	7 (6–9)	0.158


Values are presented as number (%) or median (interquartile range).HCR, histological complete resection; PL+CSP, cold snare polypectomy preceeded by submucosal pre-lifting; PL-CSP, standard cold snare polypectomy.



Secondary outcomes
Regarding procedural safety, early or late post-procedural bleeding and iatrogenic perforation were not observed. However, intraprocedural bleeding was observed in 40 cases (21.5%) and was successfully treated with mechanical hemostasis (endoclips) in all cases: 32 in the PL+CSP group and eight in the PL-CSP group. The intraprocedural bleeding rates were 35.8% and 8.3% respectively, and the difference was statistically significant (p<0.001).
Therefore, univariate analysis (Table 6) was employed to evaluate which factors were associated with intraprocedural bleeding, comparing polypectomy technique to patient age, antiplatelet and anticoagulant drug use, comorbidities, Toilette scores, and polyp characteristics (location, size, and morphology). The only factors associated with this complication were polypectomy technique (p<0.001) and polyp size (p=0.009).
Table 6. Univariate analysis of factors correlated to intraprocedural bleeding
	Factor	No complications observed (n=146)	Intraprocedural bleeding (n=40)	p-value
	Polypectomy technique			<0.001
	 PL-CSP	88 (60.3)	8 (20.0)	
	 PL+CSP	58 (39.7)	32 (80.0)	
	Age (yr)	66 (62–73)	65.5 (57.75–73.5)	0.459
	Antiplatelet/anticoagulant drugs			0.431
	 No	81 (77.1)	25 (69.4)	
	 Antiplatelet	19 (18.1)	10 (27.8)	
	 Anticoagulant	5 (4.8)	1 (2.8)	
	Comorbidity			0.461
	 None	31 (29.5)	14 (38.9)	
	 Blood arterial hypertension	63 (60.0)	17 (47.2)	
	 Chronic kidney disease	7 (6.7)	4 (11.1)	
	 Chronic heart failure	4 (3.8)	1 (2.8)	
	Boston bowel preparation scale	7 (6–9)	7 (6–8)	0.435
	Size (mm)	5 (5–6)	5 (5–8)	0.009
	Morphology def. Paris classification			0.814
	 0–Is	121 (82.9)	35 (87.5)	
	 0–Isp	11 (7.5)	3 (7.5)	
	 0–IIa	9 (6.2)	1 (2.5)	
	 0–IIb	5 (3.4)	1 (2.5)	
	Location			0.985
	 Cecum	7 (4.8)	3 (7.5)	
	 Ascending colon	33 (22.6)	9 (22.5)	
	 Transverse colon and flexures	26 (17.8)	7 (17.5)	
	 Descending colon	15 (10.3)	4 (10.0)	
	 Sigmoid colon	42 (28.8)	12 (30.0)	
	 Rectum	23 (15.8)	5 (12.5)	


Values are presented as number (%) or median (interquartile range).PL+CSP, cold snare polypectomy preceeded by submucosal pre-lifting; PL-CSP, standard cold snare polypectomy.


However, when comparing the potential risk factors associated with intraprocedural bleeding between the two techniques (PL+CSP vs. PL-CSP), patient age (p=0.178), antiplatelet and anticoagulant drug use (p=0.658), comorbidity (p=0.249), polyp right location (p=0.173), size (p=912), and villous/tubulovillous histology (p=0.925) were not statistically significantly different.
Polyp morphology (p=0.008) differed significantly between the two groups (PL+CSP vs. PL-CSP populations). However, the only category resulting in a significant difference was flat morphology (p=0.04), which was more frequent in the PL+CSP population (Table 3). Sessile (p=0.073) and semi-pedunculated (p=0.728) morphologies, which are expected to be associated with more frequent intraprocedural bleeding, were not significantly different between the two populations.
The overall polyp retrieval failure rate was 5.3%. In the PL-CSP and PL+CSP groups two (2.1%) and eight (8.9%) polyps, respectively, were lost during the retrieval phase. However, this difference was not statistically significant (p=0.83). These cases comprised a group of undetermined HCRs and are not illustrated in Table 4. In the univariate analysis (Table 7), the only factor associated with polyp retrieval failure was the toilette score (p=0.035). The bowel preparation score differed significantly between the two groups (p=0.043; Table 2), with lower scores in the PL+CSP group.
Table 7. Univariate analysis of factors correlated to polyps’ retrieval failure
	Factor	Polyps regularly retrieved (n=176)	Lost polyps (n=10)	p-value
	Polypectomy technique			0.052
	 PL-CSP	94 (53.4)	2 (20.0)	
	 PL+CSP	82 (46.6)	8 (80.0)	
	Boston bowel preparation scale	7 (6–9)	6 (6–6.5)	0.035
	Size (mm)	5 (5–8)	5 (5–5)	0.430
	Morphology def. Paris classification			0.287
	 0–Is	148 (84.1)	8 (80.0)	
	 0–Isp	14 (8.0)	0 (0)	
	 0–IIa	9 (5.1)	1 (10.0)	
	 0–IIb	5 (2.8)	1 (10.0)	
	Location			0.182
	 Cecum	9 (5.1)	1 (10.0)	
	 Ascending colon	38 (21.6)	4 (40.0)	
	 Transverse colon and flexures	33 (18.8)	0 (0)	
	 Descending colon	19 (10.8)	0 (0)	
	 Sigmoid colon	52 (29.5)	2 (20.0)	
	 Rectum	25 (14.2)	3 (30.0)	


Values are presented as number (%) or median (interquartile range).PL+CSP, cold snare polypectomy preceeded by submucosal pre-lifting; PL-CSP, standard cold snare polypectomy.


As expected, the PL+CSP technique was significantly (p<0.001) more time-consuming than PL-CSP given the procedural polypectomy time (median 75 seconds for PL+CSP vs. 45 seconds for PL-CSP procedure). However, the polypectomy technique did not affect overall colonoscopy withdrawal time (p=0.215).


DISCUSSION
The current study demonstrated that contrary to our speculations, contrast dye submucosal pre-lifting is not advantageous in terms of both endoscopic and histological radicality for small polyp cold snare resection. Moreover, this technique does not improve polyp sample retrieval. Rather, PL+CSP showed a higher rate of intraprocedural bleeding and resulted in longer procedure times.
The ECR rates between the two procedures (PL+CSP vs. PL-CSP) were not significantly different (p=0.97), confirming previous observations by Mou et al.13 and Song et al.14 In contrast to these studies wherein pre-lifting was performed using a saline solution,13,14 we employed a contrast dye solution, postulating the potential advantages of margin demarcation. The failure to demonstrate the advantages of the technique in our study could be justified by the small sample size and the unsatisfactory number of exiguous cases of ECR.
In contrast to the studies by Mou et al.13 and Song et al.,14 we also analyzed HCR. In both studies, complete resection was defined when the endoscopist could correctly inspect the polypectomy site margins and exclude macroscopic adenomatous tissue. Only among patients with clearly visible or suspected residual adenomatous tissue were adjunctive resections14 or targeted biopsies13 performed.
Shimodate et al.15 analyzed histological radicality by evaluating (1) the rate of complete muscularis mucosa resection (defined by the proportion of muscularis mucosa under the tumor being more than 80% of the tumor's horizontal dimension), (2) the rate of negative lateral margins, and (3) vertical margins. Regarding the first parameter, the difference between the two techniques was not statistically significant, while the rates of negative lateral and vertical margins were significantly lower in cases of submucosal infiltration (p=0.03 and p=0.006, respectively).
In our study, after polyp sample histological preparation, two experienced and dedicated pathologists inspected the horizontal specimen margins to evaluate the presence or absence of adenomatous tissue. Strict histopathological criteria were used in the present study. Specifically, margins were considered assessable when the polyp base, along with intact or fragmented muscularis mucosae, was present in at least one of the H&E levels obtained, and when no less than one non-dysplastic crypt was present on both sides of the polyp. When these criteria were not met and in cases of polyp loss or fragmentation, HCR was considered indefinite. The results obtained in our study demonstrated a non-significant difference between the two techniques (PL+CSP vs. PL-CSP) in terms of (1) rate of histological specimens with margins free from adenomatous tissue (41.1% vs. 35.4%, p=0.23), (2) rate of specimens with margins involved by adenomatous tissue (8.9% vs. 4.2%, p=0.263), and (3) rate of specimens with indefinite margins (50% vs. 60.4%, p=0.153). Even when comparing the rate of polyps with satisfactory HCR and cases with unsatisfactory HCR (defined as the sum of positive and indefinite margins), the difference was not statistically significant (p=0.517). Univariate analysis, as illustrated in Table 5, confirmed the unsatisfactory results. Furthermore, the histological evaluation of the specimen margins did not benefit from the contrast dye solution because the latter was removed using formaldehyde.
The main reason for the high rate of indefinite HCR is the size and nature of the specimen, which could not enable proper orientation. Colonic mucosal fragments are very soft, even when adenomatous, and tend to curl up, especially when immersed in formalin. Even when placed on graph paper, the polyp base is often undetectable in histological sections.
In contrast to previous studies, we compared ECR and HCR between the two techniques in our trial. ECR and HCR rates displayed non-negligible discrepancies in the same categories. In fact, polyps resected using the PL+CSP technique achieved a high ECR rate (98.8%) but a low HCR rate (41.1%), and polyps resected using the PL-CSP technique achieved ECR in all cases (100%), while the histological radicality was low (35.4%). These observations emphasize that in small polyp resection, the apparent macroscopic radicality is confirmed by histological analysis in some cases. This aspect must be considered during the endoscopic approach for such small lesions. Moreover, considering that a non-negligible rate of small polyps (ranging from 4.6%–27%) carries histological features of advanced adenoma,3,7 more efforts must be made to optimize the radical endoscopic resection of small polyps.
No serious or life-threatening adverse events were observed regarding the safety of this new technique (PL+CSP) (Table 4). Only cases of intraprocedural bleeding that resolved with mechanical hemostasis were reported. Surprisingly, the rate of this event was significantly higher in the PL+CSP population (35.6% vs. 8.3%, p<0.001), and this observation was independent of other contributing factors (age, drugs, comorbidities, and polyp characteristics), except for polyp size (p=0.009).
However, when comparing the polyp characteristics between the two groups (PL+CSP vs. PL-CSP) (Table 3), only polyp morphology differed significantly (p=0.008), particularly flat morphology (p=0.04), which was more frequent in the PL+CSP population (Table 3). In contrast, sessile (p=0.073) and semi-pedunculated (p=0.728) morphologies, which are associated with higher bleeding risk, as well as polyp size (p=0.912), were not significantly different between the two populations.
We postulated that repeated attempts at needle mucosal puncture to provide the correct submucosal infiltration of such small polyps would contribute to an increased rate of intraprocedural bleeding. Moreover, the observed higher incidence of flat polyps in which endoscopic resection is more technically difficult, especially for small flat polyps, may have contributed to the increased bleeding rate in the PL+CSP population. Furthermore, the worse bowel preparation score observed in the PL+CSP group (Table 2) might have increased the technical difficulties during polypectomy in this group, even if the preparation score did not impact intraprocedural bleeding in univariate analysis (Table 6). However, no severe or refractory bleeding was observed. As such, refining the infiltration strategy of small polyps, such as employing thinner needles (25 G), may decrease the intraprocedural bleeding rate.
Statistically significant differences between the two techniques were also observed in procedural time, which was significantly higher in the PL+CSP technique (median 75 vs. 45 seconds, p<0.001), confirming Mou et al.’s study13 results (108 vs. 48 seconds, p<0.001). However, even if these results make PL+CSP "time-consuming,” in our study the overall withdrawal time was not impacted.
Meanwhile, the polyp retrieval failure rate did not differ significantly between the two techniques (p=0.083). Even in the univariate analysis, as illustrated in Table 7, the only factor correlated with polyp retrieval failure was the toilette score (p=0.035). The statistically significant difference in bowel preparation scores between the two groups (median, 7; IQR, 6–8 for the PL+CSP technique vs. median, 8; IQR, 6–9; p=0.043; Table 2) and the worse toilette score in the PL+CSP population may have contributed to our failure to demonstrate the advantages of this technique in polyp retrieval rate. In fact, contrast dye submucosal infiltration may theoretically contribute to improving polyp sample retrieval due to better visualization of indigo carmine-contrasted resected polyps and the increase in sample volume from submucosal infiltration. Therefore, worse preparation in the PL+CSP group may have affected the retrieval failure of polyps.
In the case of sample retrieval failure, the HCR was considered undetermined. Despite the number of indefinable HCR cases was not significantly different between the two groups and fewer cases were observed in the PL+CSP group (Table 4), this aspect may have affected our failure to demonstrate the advantages of submucosal contrast dye infiltration on histological radicality.
The current study has some limitations. First, the small sample size and, consequently, the exiguous number of cases in which ECR was not satisfied (only in 1 case of 186 total enrolled polyps) makes the comparison of ECR rates between the two techniques scarcely conclusive and unrealistic.
Second, HCR rate results were affected by a small number of cases with indefinite specimen margins (103 of 186 total polyps or 55.4% of cases). Most cases of indefinite margins were due to specimen fragmentation (a commonly observed drawback during small polyp cold snare resection) and incorrect orientation of the specimens. During pathological analysis, both the lateral and deep (presence/absence of muscularis mucosae) margins were evaluated. Taking into account the deep (vertical) and lateral (horizontal) margins separately yielded different results. Evaluating lateral margins can be difficult for different reasons, such as tissue damage/fragmentation (through the suction channel) and especially for the retraction of the muscularis mucosae, which causes curling of the healthy edges of the fragment. This complicated correcting the orientation of the specimen.
Moreover, the 4% formaldehyde fixative solution removed indigo carmine from the specimen very quickly because indigo carmine is a water-soluble dye. Thus, submucosal indigo carmine infiltration of polyps does not help evaluate specimen orientation and histological lateral margins. Consequently, research on other contrast dye solutions, available for endoscopic procedures and resistant to formaldehyde, would help overcome this limitation. The technical skills of both the endoscopic nursing staff during sample placement on the graph paper and the histopathology technicians during paraffin embedding procedures should also be improved. Refining nursing staff on correct specimen collection by employing auxiliary devices (e.g., a magnifying glass) could enhance the histological margin evaluation.
Third, the worse toilette score in the PL+CSP group may have contributed to an increase in indefinite HCRs due to sample retrieval failure. In fact, even in the univariate analysis (Table 5), the preparation score did not impact HCR, and in the PL+CSP population, the number of indefinite HCR cases was inferior to that in the PL-CSP group (45 vs. 58). The number of polyps that were not negligible (8 in PL+CSP vs. 2 in PL-CSP) may have impacted our failure to demonstrate the advantages of submucosal infiltration on HCR results.
Fourth, the infiltration needle employed (23 gauge) may have influenced the intraprocedural bleeding rate observed in the PL+CSP population, as well as the procedural time (due to the difficult submucosal infiltration of such small polyps). Therefore, employing a thinner needle (25 gauge) may obviate these disadvantages.
In conclusion, our study failed to demonstrate the advantages of the PL+CSP technique, even with contrast dye solution, over the standard CSP technique for small (5–9 mm) non-pedunculated polyp resection in terms of macroscopic and microscopic radicality, as well as for polyp retrieval failure. The PL+CSP technique resulted in longer procedure times without significant impact on colonoscopy withdrawal time and was affected by higher intraprocedural bleeding rates, even if without serious adverse events. Better results could be obtained by increasing the sample size and improving the specimen collection. However, our study highlighted that the techniques routinely employed for the resection and histological analysis of large polyps failed to achieve the same efficacy on small polyps. Therefore, experiences extrapolated from the approach to large polyps seem to collapse in front of the less-known “small polyps world”.
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