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Abstract 
Introduction/Aims 

Over the past two decades, there have been significant advancements in endoscopic resection 

(ER). ER is now considered the first-line technique for resection of all benign and some 

malignant lesions. Compared to surgery, ER is cost-effective with lower morbidity and 

mortality. Cold snare polypectomy (CSP) is safer and equally efficacious compared to hot 

snare polypectomy (HSP) for the removal of colonic polyps <10mm. The superior safety 

profile of CSP holds promise for the resection of laterally spreading non-pedunculated 

colorectal polyps ≥20mm (LNPCPs). However, large randomised controlled trials comparing 

Cold-Endoscopic Mucosal Resection (C-EMR) to conventional EMR are lacking. A deeper 

understanding of the unique technical demands of C-EMR is needed. Additionally, the 

technical demands for ER of lesions within distinct environments, such within the rectum, 

high-risk lesions, and neoplastic growth at surgical anastomoses, require improved 

understanding. 

 

This thesis aims to address these knowledge deficiencies. 

 

Methods 

Multi-centre prospective trials were conducted to address the aims outlined above. All studies 

received ethics approval. Written, informed consent was obtained from each participant. 

 

Results 

C-EMR has a higher recurrence rate compared to EMR for LNPCPs (17.2% vs 1.1%, 

p<0.001). Using mathematical modelling, polyp area was shown to increase quadratically 

with increasing polyp radius. This results in disproportionately more sequential snare 

resections, with each resection carrying a risk of leaving residual adenoma. Lesion size, 

location, and morphology are the most important factors when predicting lesion histology. We 

found that cancer is 2.5 times more common in the rectum compared to the rest of the colon 

(Odds ratio 1.77, Confidence interval 1.25–2.53, p<0.001). Full-thickness resection of small 

tumours can be effectively achieved with durable long-term outcomes. With site-specific 

technique modifications and the use of adjunctive techniques, ER is also effective for 

resection of large adenomatous anastomotic polyps (LAAPs). 
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Conclusions 

ER should be considered first-line for the removal of neoplastic gastrointestinal lesions, 

including early cancers. Results from this thesis improve our understanding of ER techniques 

and their role within the ER algorithm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 7 

Table of Contents 

Abstract ............................................................................................................................. 5 

List of Publica2ons in this Thesis ........................................................................................ 8 

Table of Abbrevia2ons ..................................................................................................... 10 

List of Figures ................................................................................................................... 12 

List of Tables .................................................................................................................... 16 

Chapter 1 - Introduc2on ................................................................................................... 18 

Chapter 2 - Endoscopic management of large non-pedunculated colorectal polyps .......... 22 

Chapter 3 - Cold vs hot snare endoscopic mucosal resec2on for large (≥15mm) flat non-
pedunculated colorectal polyps: a randomized controlled trial ......................................... 41 

Chapter 4 - The geometry of cold snare polypectomy ....................................................... 58 

Chapter 5 - A Comparison of the Morphology and Histopathology of Large Non-
Pedunculated Colorectal Polyps in the Rectum and Colon: Implica2ons for Endoscopic 
Treatment ........................................................................................................................ 79 

Chapter 6 - Endoscopic Full Thickness Resec2on is Cura2ve for Small, High-risk Colorectal 
Lesions. .......................................................................................................................... 100 

Chapter 7 - Follow-up of 35 appendiceal orifice neoplasms resected by endoscopic full 
thickness resec2on ......................................................................................................... 126 

Chapter 8 - Endoscopic resec2on of large anastomo2c polyps is safe and effec2ve ......... 143 

Chapter 9 - Integrated Discussion ................................................................................... 158 

Chapter 10 - Selec2on of endoscopic resec2on technique for large colorectal lesion 
treatment ...................................................................................................................... 162 

Chapter 11 - Conclusions ................................................................................................ 180 

Appendix I – Awards During Candidacy .......................................................................... 181 

Appendix II – Other Publica2ons During Candidacy ........................................................ 182 

Appendix III: Printed publica2ons related to PhD during candidacy ................................ 188 
 



 8 

List of Publications in this Thesis 
 
 

Chapter 2 

Cronin O, Bourke MJ. Endoscopic resection of large non-pedunculated colorectal polyps 

(review). Cancers, 2023 Jul:15(15):3805. 

 

Chapter 3 

O’Sullivan T, Cronin O, Van Hattem A, Mandarino FV, Gauci J, Kerrison C, Whitfield A, 

Gupta S, Lee E, Williams SJ, Burgess NG, Bourke MJ. Cold vs hot snare endoscopic 

mucosal resection for large (15mm) flat non-pedunculated colorectal polyps: a randomized 

controlled trial. Gut 2024 Oct 7;73(11):1823-1830. 

 

Chapter 4 

Cronin O, Kirzenblat D, Forbes N, O’Sullivan T, Whitfield A, Gupta S, Burgess NG, Bourke 

MJ. The geometry of cold snare polypectomy. Endoscopy 2024 Mar;56(3):214-219. 

 

Chapter 5 

Cronin O, Sidhu M, Shahidi N, Gupta S, O’Sullivan T, Whitfield A, Wang H, Kumar P, 

Hourigan L, Byth K, Burgess NG, Bourke MJ. Comparison of Morphology and 

Histopathology of Polyps in the Rectum and Colon. Gastrointestinal Endoscopy, 2022 July; 

96(1):118-24. 

 

Chapter 6 

Cronin O, Meys K, Hacking S, Alawad M, Yuen S, Cohen J, Gonda T, Bourke MJ, Haber 

GB. Endoscopic Full Thickness Resection is Curative for Small, High-risk Colorectal 

Lesions. Endoscopy Internation Open [Under review]. 

Chapter 7 

Cronin O, Meys K, Yuen S, Vij A, Gonda T, Goodman AJ, Bourke MJ, Haber GB. Follow-

up of 35 appendiceal orifice neoplasms resected by endoscopic full thickness resection. 

Gastrointestinal Endoscopy [Under review]. 



 9 

Chapter 8 

Cronin O, Gupta S, Gauci J, Whitfield A, O’Sullivan T, Abuarisha M, Wang H, Lee EY, 

Williams SJ, Burgess NG, Bourke MJ. Endoscopic resection of large anastomotic polyps is 

safe and effective. Endoscopy 2024 Feb;56(2):125-130. 

Chapter 10 

Cronin O, Mandarino F, Bourke MJ. Selection of endoscopic resection technique for large 

colorectal lesion treatment. Current Opinion in Gastroenterology 2024 Sep1;40(5):355-62. 

 

 

 
 



 10 

Table of Abbreviations 
 
ACE  Australian Colonic Endoscopic Resection 

AO  Appendiceal orifice 

ASA  American Society of Anesthesiologists (ASA) classification 

CAST  Cold-forceps avulsion with adjuvant snare tip soft coagulation 

C-EMR Cold-snare EMR 

CI  Confidence interval 

CRC  Colorectal cancer 

CSP  Cold snare polypectomy 

CSIPB  Clinically significant intraprocedural bleeding 

DMI  Deep mural injury 

EMR  Endoscopic mucosal resection 

E-FTR En bloc full thickness resection 

ER  Endoscopic resection 

ESD  Endoscopic submucosal dissection 

FTR  Full thickness resection 

FTRD  Full thickness resection device 

GI  Gastrointestinal 

HGD  High-grade dysplasia 

HSP  Hot snare polypectomy 

H-FTR Hybrid full thickness resection 

ICV  Ileocaecal valve 

IRR  Incomplete resection rate 

IQR  Interquartile range 

LAAP  Large (³20 mm) adenomatous anastomotic polyps 



 11 

LGD  Low-grade dysplasia 

LNPCP Large non-pedunculated colorectal polyp 

NBI  Narrow-band imaging 

OR  Odds ratio 

p-CSP  Piecemeal cold snare polypectomy 

p-EMR Piecemeal EMR 

R0  Curative resection 

RER  Resection error rate 

RIR  Resection of incomplete resection 

RRA  Residual or recurrent adenoma 

SC1  First surveillance colonoscopy 

SC2  Second surveillance colonoscopy 

SMIC  Submucosal invasive cancer 

STSC  Snare-tip soft coagulation 

WSLHD HREC Western Sydney Local Health District Human Research Ethics 

Committee 

 

 

 

 

 

 

 

 



 12 

List of Figures 
 
Chapter 1 

Figure 1 – Thesis structure 

Figure 2 – EMR procedure technique; EMR – endoscopic mucosal resection 

Figure 3 – ESD procedure technique; ESD – endoscopic submucosal dissection 

 

Chapter 2 

Figure 1 - Endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) 

and cold-snare EMR (C-EMR). (a–c) EMR of a 40 mm Paris 0-IIa+Is granular hepatic 

flexure lesion. (d–f) ESD of a hemi-circumferential 45 mm Paris 0-IIa+Is granular rectal 

lesion. (g–i) C-EMR of a 50 mm serrated lesion without dysplasia in a patient with serrated 

polyposis syndrome. 

Figure 2 - A 35 mm granular Paris 0-IIa LNPCP in the mid-ascending colon. A 35 mm 

granular Paris 0-IIa LNPCP in the mid-ascending colon, assessed using (a) high-definition 

white light, (b) narrow band imaging (NBI) and (c,d) near-focus with NBI, demonstrating a 

homogenous pit pattern (Kudo pit pattern IV). 

Figure 3 - A 20 mm sessile serrated Paris 0-IIa LNPCP in the proximal ascending colon, 

assessed using (a,b) near focus and (c,d) near focus with narrow band imaging (NBI). There 

is a central well-demarcated area with loss of homogeneity, neovascularization, dilated 

vessels and a non-structural pit pattern (Kudo pit pattern VN), suggestive of a deeply invasive 

cancer. 

Chapter 3  

Figure 1 – Wide margin cold endoscopic mucosal resection technique for adenomatous large 

non-pedunculated colon polyps. 

Figure 2 – Study enrolment flow diagram.  



 13 

Chapter 4 

Figure 1 - Risk of incomplete resection. A mathematical model demonstrating the risk of 

incomplete resection for cold snare polypectomy and hot snare polypectomy for increasing 

polyp size. 

 

Figure 2 - Cold snare polypectomy for Paris 0-IIa polyp <10mm. 

(A) 3mm Paris 0-IIa colorectal adenoma; (B) en bloc R0 excision with thin wire cold snare. 

Note wide margin of normal mucosa with snare placement; (C) the halo effect with blanching 

of the surrounding mucosa and hyperaemia of the adenoma; (D) post excision halo effect; (E) 

water expansion of the defect; (F) Careful inspection of margin. 

 

Figure 3 - Piecemeal cold snare polypectomy for Paris 0-IIa lesion >20mm. 

(A-C) >20mm lateral spreading lesion, examined with high-definition white light and 

narrow-band imaging; (D) lesion after submucosal injection; (E) piecemeal cold snare 

excision; (F) careful inspection of the post-resection defect margin. 

 

 

Chapter 5 

Figure 1 - Flow diagram of consecutive patients referred with LNPCPs for tissue resection 

 

Chapter 6  

Figure 1 - Endoscopic full thickness resection of a 20mm Paris 0-IIa+IIc ascending colon 

lesion. (A) A 20mm Paris 0-IIa+IIc ascending colon lesion assessed with white light 

endoscopy and (B) near focus, illustrating Kudo pit pattern Vi centrally. (C) Grasping forceps 

used to draw specimen into full thickness device. (D) Post-deployment with muscularis 

propria at periphery and serosa centrally. (E) Ex-vivo specimen with serosal view illustrating 

ink tattoo. (F) Pinned specimen with clear margins. 

 

Figure 2 - Endoscopic hybrid full thickness resection of a 30mm Paris 0-IIa+IIc transverse 

colon lesion. (A) A 30mm Paris 0-IIa+IIc transverse colon lesion assessed with white light 

endoscopy, (B) narrow band imaging and (C-D) near focus, illustrating Kudo pit pattern Vi 

centrally. (E-G) Standard piecemeal EMR was performed around the periphery of the lesion. 



 14 

(G) Piecemeal resection was continued until only the non-lifting portion of the lesion 

remained. (H-I) Endoscopic full thickness resection. (J-K) Ex-vivo lesion demonstrating sub-

serosal fat. (L) Surveillance colonoscopy demonstrating a scar at resection site without 

evidence of recurrence. 

Figure 3 - Flow diagram of consecutive lesions referred for consideration of endoscopic full 

thickness resection. 

Figure 4 - Flow diagram of consecutive patients referred for endoscopic full thickness 

resection.  

Figure 5 - Histogram illustrating the deepest resection layer for lesions resected by 

endoscopic full thickness resection device. 

 

Chapter 7  

Figure 1 - Endoscopic full thickness resection of a 20mm Paris 0-IIa appendiceal orifice 

lesion. (A) A 20mm Paris 0-IIa appendiceal orifice lesion assessed with white light 

endoscopy and (B) near focus, illustrating Kudo pit pattern Vi centrally. (C) Advancement of 

the colonoscope with the full thickness device. (D) Post-deployment with exposed serosa. (E) 

Pinned specimen viewed from serosal side. (F) Surveillance colonoscopy with biopsy-proven 

reactive hyperplastic tissue. 

Figure 2 - Flow chart for 37 patients referred for consideration of endoscopic full thickness 

resection of an appendiceal orifice lesion. 

 

Figure 3 - Entero-colonic fistula observed 6 months post endoscopic full thickness resection 

of a 20mm Paris0-IIa lesion at the appendiceal orifice. (A) View from the cecum with 

ileocecal valve located at 11 o’clock position. (B) Fistula at site of previous EFTR. (C-E) 

Appendectomy related surgical clip at superior margin of fistula. (F) View from within the 

fistula. 

 

Figure 4A - Coronal CT Contrast Enhanced image of the abdomen: Yellow arrow denotes the 

ileo-cecal valve. Green Arrow denotes the terminal ileum. Blue arrow denotes the cecum.  

 



 15 

Figure 4B - Yellow arrow annotates a surgical clip from a prior appendectomy. Green arrow 

annotates a fistula between the cecum and distal ileum, with fecalized cecal contents 

protruding through the defect into the distal ileum.  

 

Chapter 8 

Figure 1 - Endoscopic views of the resection of a 30-mm Paris 0-IIa large anastomotic polyp 

showing: a  a lesion at the anastomosis under white light with near focus; b  narrow-band 

imaging; c  central non-lifting after submucosal injection with indigo carmine and 

Gelofusine; d–f  sequential snare resection of areas with adequate submucosal lifting with 

interrogation of the defect for deep mural injury with topical chromoendoscopy after each 

snare resection. 

Figure 2 - Endoscopic views of the resection of a 30-mm Paris 0-IIa large anastomotic polyp 

showing: a–d  cold-forceps avulsion with adjuvant snare-tip soft coagulation (CAST) 

applied to the central non-lifting segment that was resistant to snare capture; e,f  through-

the-scope clips applied to close a deep mural injury type II. 

 

Figure 3 - Endoscopic views of the resection of a 40-mm Paris 0-IIa large anastomotic polyp 

showing: a  the lesion at the anastomosis; b  central non-lifting after submucosal injection 

with indigo carmine and Gelofusine; c  sequential snare resection of areas with adequate 

submucosal lifting; d  cold-forceps avulsion with adjuvant snare-tip soft coagulation 

(CAST) applied to the central non-lifting segment that was resistant to snare capture, with 

thermal ablation to the defect margin by snare-tip soft coagulation; e  through-the-scope 

clips applied to close a deep mural injury type II; f  a bland scar seen on narrow-band 

imaging at 6-month surveillance. 

 

 

 



 16 

Chapter 10 

Figure 1: 40mm Granular Paris 0-IIa LNPCP in the mid-ascending colon resected by 

conventional Endoscopic Mucosal Resection.  

Figure 2: 35mm Granular Paris 0-IIa LNPCP in the distal transverse colon resected by Cold 

Endoscopic Mucosal Resection. 

Figure 3: 50mm Granular Paris 0-IIa+Is LNPCP in the rectum resected by Endoscopic 

Submucosal Dissection. 

50mm Granular Paris 0-IIa+Is LNPCP assessed with (a) high-definition white light and (b) 

narrow band imaging (NBI). En bloc submucosal dissection and resection (c-e). Post-

resection en bloc ex-vivo specimen (f). 

 

List of Tables 
 
Chapter 3  

Table 1 - Baseline characteristics of study cohort 

Table 2 - Lesion characteristics of C-EMR recurrences 

 

 

Chapter 4 

Table 1 -Polyp area, resection error rate and incomplete resection rate for hot and cold snare 

polypectomy. 

Supplementary Table 1 - Literature search for residual or incomplete adenoma resection for 

piecemeal Cold Snare Polypectomy. 

 

Chapter 5 

Table 1 - Comparison of Rectal and Non-Rectal colonic LNPCPs. 

Table 2: Multivariate analysis assessing variables independently associated with location, 

Rectum Vs Colon (excluding rectum). 

 



 17 

Chapter 6 

Table 1 - Patient characteristics with high-grade dysplasia and cancer resected by full-

thickness resection 

Table 2 - Cancer Histopathology (n=18) 

Table 3 - Lesions with cancer referred for consideration of surgical resection post endoscopic 

full thickness resection. 

 

Chapter 7 

Table 1 - Patient characteristics for full thickness resections of the appendiceal orifice (n=35) 

 

Chapter 8 

Table 1- Characteristics of the 10 included patients and their large anastomotic polyps. 

Table 2 - Procedure and follow-up details for the 10 large anastomotic polyps that were 

resected endoscopically. 



 18 

Chapter 1 - Introduction 
 

Colorectal cancer (CRC) was the third most commonly diagnosed cancer in Australia in 2017 

with an estimated incidence of 67 per 100,000 in males and 49 per 100,000 in females.1, 2 

Globally, the burden of CRC is projected to increase by 60% by 2030.3 The majority of these 

tumours arise from colorectal polyps and colonoscopy exerts its beneficial effect by 

polypectomy.2, 4 

  

Early detection of CRC has a mortality benefit.4 In an observational cohort study over 23 

years, Zauber and colleagues (2012) reported a 53% reduction (Relative Risk [RR] 0.47; 95% 

Confidence Interval [CI] 0.26 to 0.80) in mortality among patients who had undergone 

polypectomy.5 Unfortunately, polypectomy technique is imperfect, typically taught 

heuristically from anecdotal experience. Zauber and colleagues reported that despite close 

follow-up, 12 out of 1226 patients (1%) died from CRC.6 With the increasing incidence of 

CRC, it is imperative that high-quality clinical research addresses what is currently a 

significant deficiency in our understanding of effective polypectomy technique. 

 

Ideally polypectomy should be safe, efficient, cost-effective and curative. Recurrence and 

interval cancer (CRC diagnosed less than 3 years after colonoscopy) occur due to incomplete 

resection, which compromises clinical outcomes and increases healthcare costs.  

 

The two modalities for polypectomy are: Cold Snare Polypectomy (CSP) which employs a 

thin wire to guillotine the polyp; and Hot Snare Polypectomy (HSP) which incorporates 

electrocautery. The overwhelming majority of colonic polyps measure less than 10mm and 

are safely and effectively managed by CSP.7 HSP has conventionally been used for resection 

of larger polyps greater than 20mm (large non-pedunculated colorectal polyp ≥ 20mm, 

LNPCP). Compared to conventional surgery, ER is minimally invasive, cost-effective and 

organ-preserving with resultant lower morbidity and mortality. High quality evidence-based 

research as well as technical innovations has driven substantial advancements in over the last 

two decades. 

 

CSP is safer and equally efficacious as HSP for the removal of small (<10mm) colorectal 

polyps. The absence of electrocautery virtually eliminates the risks of perforation and post-
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polypectomy bleeding which can occur with HSP.7, 8 This improved safety profile holds 

appeal for resection of larger lesions however to date, there have been no randomised 

controlled trials comparing cold endoscopic mucosal resection (C-EMR) to hot endoscopic 

mucosal resection (H-EMR).  

 

Due to misconceived simplicity surrounding C-EMR, there has been an increasing shift 

toward resection of LNPCPs using this technique. CSP and C-EMR possibly demand greater 

technical skill than conventional H-EMR. Both techniques certainly rely on a deep 

understanding of the fundamentals of cold snare resection technique. 

 

Several key aspects of CSP and C-EMR require further clarification and improved 

understanding. A head-to-head trial is required to appreciate the key differences in outcomes 

between C-EMR and H-EMR for resection of LNPCPs. An improved understanding of the 

fundamentals underpinning CSP and C-EMR is needed to better explain the higher risk of 

incomplete resection. This would better inform guidelines and may identify specific technical 

adaptations required to improve C-EMR related outcomes.  

 

The risk of overt and covert submucosal invasive cancer (SMIC) should feed into any ER 

algorithm, to inform technique selection. For example, piecemeal EMR is not curative for 

lesions harbouring SMIC. These lesions need to be removed en bloc. Location in the colo-

rectum greatly influences the risk of SMIC. Clarity of this association would provide 

confidence in the selection of ER technique and influence any ER algorithm.  

 

 Apart from rectal lesions, there are other lesions which require special consideration and 

technique adaptation, such as small, high-risk lesions in the colon, and lesions at the 

appendiceal orifice. Endoscopic full-thickness resection (EFTR) is a relatively new ER 

technique suited to these lesions. There is little long-term data evaluating its safety and 

efficacy. Adaptation of technique is also required for resection of large anastomotic 

adenomatous polyps (LAAPs) but there is little data on the success rate of ER for these 

lesions. 

 

 

In this thesis, three key areas related to ER were identified for prospective research: 

1) Comparison of C-EMR and H-EMR for resection of LNPCPs. 
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2) Understanding the fundamentals of C-EMR 

3) The influence of location in the colo-rectum on the risk of covert and overt SMIC. 

4) Long-term safety and efficacy of EFTR of high-risk colo-rectal lesions and lesions at 

the appendiceal orifice. 

5) Safety and efficacy of ER of large anastomotic adenomatous polyps (LAAPs) 

 

Based on the above, this thesis has the following aims: 

1) Assess the long-term efficacy and safety of C-EMR compared to H-EMR for 

resection of LNPCPs. 

2) Evaluate the risk of incomplete resection for C-EMR. 

3) Compare the key differences between rectal lesions and lesions in the rest of the 

colon. 

4) Assess the efficacy and safety of EFTR for high-risk colorectal lesions. 

5) Assess the efficacy and safety of EFTR for appendiceal orifice lesions. 

6) Assess the efficacy and safety of ER for the removal of large (³20 mm) adenomatous 

anastomotic polyps (LAAPs). 

 

To address the aims of this thesis, several prospective studies were conducted, with ethical 

approval from the Western Sydney Local Health District Human Research Ethics Committee 

(WSLHD-HREC).  
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Chapter 2 - Endoscopic management of large non-pedunculated colorectal polyps 
 

Publication:  

Cronin O, Bourke MJ. Endoscopic management of large non-pedunculated colorectal 

polyps. Cancers 2023 Jul;15(15):3803. 

 

In brief: 

ER should be the first-line treatment for pre-malignant and early colorectal cancers. This 

review outlines endoscopic resection techniques for the removal of colorectal lesions. 

 

Contribution:  

- ER is organ-sparing, safe and effective. It has a lower morbidity and mortality 

compared to surgery. 

- An ER algorithm should guide the resection modality and account for lesion size, site, 

morphology and predicted histology. 
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Abbreviations 

ARJ  Anorectal junction 

CAST Cold-forceps avulsion with adjuvant snare-tip soft coagulation 

ER  Endoscopic resection 

HSP  Hot snare polypectomy 

LNPCP  Large non-pedunculated colorectal polyps ≥20mm 

EMR  Endoscopic mucosal resection 

C-EMR Cold-endoscopic mucosal resection 

DMI  Deep mural injury 

ESD  Endoscopic submucosal dissection 

HSP  Hot snare polypectomy 

JNET  Japan Narrow-Band Imaging Expert Team 

KPP  Kudo pit pattern 

ICV  ileocaecal valve 

NPV  Negative predictive value 

SRA  Selective resection algorithm 

SMIC  Submucosal invasive cancer 

URA  Universal resection algorithm 

 

Simple summary: Endoscopic resection (ER) of large non-pedunculated colorectal polyps 

≥20mm (LNPCPs) is safe, effective and the preferred treatment compared to surgery. 

Predicted histopathology of the LNPCP based on size, morphology, granularity, pit pattern 

and location in the colo-rectum is essential when deciding upon resection technique. Post 

resection defect inspection and adjuvant techniques such as thermal ablation of the margin 

have been demonstrated to reduce recurrence rates. Follow-up surveillance colonoscopy can 

accurately identify recurrence. Endoscopic treatment of recurrence is effective. 

  

 

Abstract 

Large non-pedunculated colorectal polyps ≥20mm (LNPCPs) comprise about 1% of all 

colorectal polyps. LNPCPs more commonly contain high-grade dysplasia, covert and overt 

cancer. These lesions can be resected by several means including conventional Endoscopic 

Mucosal Resection (EMR), Cold-snare EMR (C-EMR) and Endoscopic Submucosal 
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Dissection (ESD). Evidence-based, selective resection algorithms should be used when 

choosing the most appropriate technique to ensure the safe and effective removal of LNPCPs. 

Due to its enhanced safety and comparable efficacy, there has been a paradigm shift towards 

cold snare polypectomy (CSP) for the removal of small polyps (<10mm). This technique is 

now being applied to the management of LNPCPs, however further research is required to 

define the optimal LNPCP subtypes to target and the viable upper size limit. Adjuvant 

techniques such as thermal ablation of the resection margin significantly reduce recurrence 

risk. Bleeding risk can be mitigated by use of through-the-scope clips to close defects in the 

right colon. Endoscopic surveillance is important to detect recurrence and synchronous 

lesions. Recurrence can be readily managed with an endoscopic approach.  

 

Keywords: Colonoscopy; polyp; polypectomy; colorectal cancer; endoscopic mucosal 

resection; endoscopic submucosal dissection.  

Introduction 

 

Introduction  

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the second 

most frequent cause of cancer-related death. 1, 2 The majority of CRC arises via the stepwise 

acquisition of molecular abnormalities in the adenoma-carcinoma and serrated pathways. 3-5 

This creates the opportunity for intervention to remove premalignant polyps. Endoscopic 

resection (ER) of pre-malignant polyps has been shown to reduce the incidence of CRC. 6-8 

Moreover, screening colonoscopy and polypectomy has been shown to reduce the risk of 

death from CRC at 10 years (risk ratio 0.82, 95% confidence interval [CI] 0.70-0.93). 9 In a 

large study (n=2602) with follow-up over 23 years, a 53% reduction (Relative Risk [RR] 

0.47; 95% CI 0.26 to 0.80) in mortality was demonstrated in those who had undergone 

polypectomy. 7 

 

The majority (90%) of colorectal polyps are <10mm in size, do not contain advanced 

pathology and can be removed either en bloc or piecemeal by cold snare polypectomy (CSP). 

10-12 Large non-pedunculated colorectal polyps ≥20mm (LNPCPs) comprise ~1% of all 

colorectal polyps. These lesions have varied risk of overt and covert submucosal invasive 

cancer (SMIC) and therefore require a detailed, methodical optical assessment before 
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deciding on the most suitable resection technique. 13-16 This algorithm needs to account for 

LNPCP size, morphology, location, pit pattern in addition to any patient specific factors such 

as co-morbidities and anticoagulation or anti-platelet medications. 17 

  

Consensus recommendations favour an endoscopic approach as first line for the resection of 

LNPCPs (based on high-quality evidence). 18, 19 Compared to surgical resection, EMR has 

been demonstrated to have reduced morbidity, mortality and lower healthcare costs. 20, 21  

 

ER can be divided into three discrete phases: pre-resection, resection and post-resection. 

Technical success of ER requires a methodical, collaborative approach, ideally at a centre 

with access to the complete range of ER techniques including conventional Endoscopic 

Mucosal Resection (EMR), Cold-snare EMR (C-EMR) and Endoscopic Submucosal 

Dissection (ESD) (Figure 1). Herein, we outline an evidence-based approach to the ER of 

colorectal polyps. 
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Figure 1. Endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) and 

cold-snare EMR (C-EMR). (a–c) EMR of a 40 mm Paris 0-IIa+Is granular hepatic flexure 

lesion. (d–f) ESD of a hemi-circumferential 45 mm Paris 0-IIa+Is granular rectal lesion. (g–i) 

C-EMR of a 50 mm serrated lesion without dysplasia in a patient with serrated polyposis 

syndrome. 

 

Pre-Resection 

Planning is essential to ensure technical success. The planning phase can be sub-divided into 

pre-procedure and intra-procedure.  

 

Pre-procedural planning starts with patient assessment, accounting for frailty, functional 

status, co-morbidities and medications. Consent must include the risks and benefits of ER and 

a discussion around alternative modalities such as surgery. Predicted lesion histopathology 

including the risk of SMIC should influence ER modality and any related imaging should be 

reviewed. Pre-procedural planning also includes an in-room discussion with the endoscopy 

team to ensure that nursing and anaesthetic staff are aware of the various stages of the 

procedure including any site-specific challenges such as those seen with ileocaecal valve 

(ICV) lesions. 17, 22 The pre-procedure discussion with the endoscopy team should also 

include the expected procedure time, any required medications such as surgical antibiotic 

prophylaxis or local anaesthetic for anorectal junction (ARJ) lesions and a check to ensure 

appropriate snares and ESD knives are available. 23, 24 ER should only be performed with 

carbon dioxide insufflation. 25 Required ancillary devices should be in the room pre-

procedure including closure devices such as through-the-scope clips and those used to treat 

intra-procedural bleeding such as haemostatic forceps. 

 

Intra-procedural planning starts with patient positioning. The optimal patient position is to 

have the fluid pool opposite the lesion to maximise the effect of gravity on lesion elevation 

and achieve a clear working field during tissue resection or for management of any 

complications. Therefore, a supine or right lateral position may be required. Position of the 

colonoscope to align the lesion at a 6 o’clock position is essential. Dependent on location, a 

retroflexed position may improve access and optical assessment. 
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Thorough optical assessment is key. The risk of overt (optical features of SMIC present) or 

covert (optical features of SMIC absent) can be predicted based on LNPCP size, location, 

morphology, granularity, microvascular and surface pit pattern. 13, 26 Several classification 

systems exist including the Kudo pit pattern (KPP) and the Japan Narrow-Band Imaging 

Expert Team (JNET) classification. 27, 28 An understanding of these systems is useful. A 

simple innovation to assist with familiarly and use is to place large posters of these 

classification systems in the endoscopy rooms and reporting areas. Benign lesions have 

surface homogeneity with a regular pit and microvascular pattern (Figure 2). High grade 

dysplasia or cancer within a benign lesion appears as a demarcated area of disruption within 

this regular pattern (Figure 3). Such areas need to be examined very carefully to ensure the 

correct optical diagnosis and treatment strategy. 

 

Figure 2. A 35 mm granular Paris 0-IIa LNPCP in the mid-ascending colon. A 35 mm granular 

Paris 0-IIa LNPCP in the mid-ascending colon, assessed using (a) high-definition white light, 

(b) narrow band imaging (NBI) and (c,d) near-focus with NBI, demonstrating a homogenous 

pit pattern (Kudo pit pattern IV). 
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Figure 3. A 20 mm sessile serrated Paris 0-IIa LNPCP in the proximal ascending colon, 

assessed using (a,b) near focus and (c,d) near focus with narrow band imaging (NBI). There is 

a central well-demarcated area with loss of homogeneity, neovascularization, dilated vessels 

and a non-structural pit pattern (Kudo pit pattern VN), suggestive of a deeply invasive cancer. 

 

Traditionally the accuracy of optical diagnosis for SMIC was evaluated across the entire 

LNPCP spectrum and was found to have suboptimal utility. Recently, optical assessment of 

flat (Paris 0-IIa) LNPCPs is proven to be highly accurate. 15 In a large, prospective, single-

centre cohort study (n=1583), the sensitivity and specificity for predicting cancer in Paris 0-

IIa LNPCPs was 91% and 96% respectively. The likelihood that cancer would be missed in 

this study was 6 in 1000 cases. Optical diagnosis for SMIC in nodular lesions is less accurate 

(sensitivity 53%, specificity 94%, missed SMIC 6%).15 Excluding those lesions with overt 

SMIC, a large multicentre, prospective study (n=2277) found that covert SMIC was 

associated with Paris 0-Is and Paris 0-IIa+Is morphology, non-granularity, size and distal 

location. 13 Supporting this, a large, prospective cohort study (n=3405) demonstrated that 
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nodular rectal LNPCPs are more likely to contain SMIC than non-rectal colonic LNPCPs 

(15% vs 6%, p<0.001). 26 

 

Resection 

In 2023, a selective resection algorithm should be employed when considering a therapeutic 

strategy for any colorectal polyp or neoplasm. This is based on optical diagnosis for predicted 

histology, lesion size, morphology and surface granularity and location in the colon. 

 

Diminutive (<5mm) and small (5-9mm) colorectal polyps 

The overwhelming majority of colonic polyps are diminutive (<5mm) or small (5-9mm). CSP 

is safer and equi-efficacious to hot snare polypectomy (HSP) for the removal of these 

colorectal polyps. The absence of electrocautery all but eliminates the risks of perforation and 

post-polypectomy bleeding. 29, 30 Based on high quality data, en bloc or oligo-piecemeal CSP 

should be used to resect these polyps. 18, 19  

 

Medium (10-19mm) colorectal polyps 

There is a paradigm shift toward C-EMR given the superior safety profile. A large, 

prospective, multicentre cohort study (n=286 lesions) comparing conventional EMR to C-

EMR for polyps 6-15mm, favoured the use of C-EMR over EMR. 31 At present, US 

consensus guidelines recommend either EMR or C-EMR for resection of lesions 10-19mm. 18 

 

Large (>20mm) non-pedunculated colorectal polyps 

Conventional EMR is the mainstay for ER of LNPCPs due to its superior safety, efficacy and 

cost effectiveness compared to surgery and ESD. 17-19, 22 High-quality studies over the past 

10-15 years have led to improvements in safety and efficacy of EMR. These include the use 

of CO2 for insufflation; addition of chromo-injectate into the submucosal space; use of a 

systematic inject and sequential snare resection technique; removing a 2-3mm margin of 

normal mucosa; water expansion of the defect to identify any residual adenoma and 

recognition and management of significant DMI. 25, 32, 33 Once all visible adenoma has been 
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excised, thermal ablation of the margin should be completed by gently applying  snare-tip 

soft coagulation (Effect 4, 80W: ERBE Electromedizin, Tubingen, Germany), aiming for a 3-

5mm rim of ablated mucosa. 34 In a large, prospective cohort (n=390) comparing 

conventional EMR without and with thermal ablation, recurrence rates reduced from 21.0% 

(37/176) to 5.2% (10/192), p<0.001. No adverse events were attributed to margin thermal 

ablation. Since inception, application of this adjuvant technique has improved. In a recent, 

larger multi-centre cohort (n=1049), recurrence rates at 6-month follow-up colonoscopy 

(SC1) were 1.4% (10/707). 35  

 

At present given the paucity of data, conventional EMR is recommended over C-EMR for 

LNPCP resection. The safety profile of C-EMR is appealing for the piecemeal resection of 

Paris 0-IIa (flat, sessile) LNPCPs however the upper size limit that can be effectively 

removed by C-EMR without excessive burden of recurrence is unknown. Several ongoing 

large randomised controlled trials comparing EMR and C-EMR for non-serrated LNPCPs 

(clinicaltrials.gov identifier: NCT04138030; NCT04418843) aim to provide clarity on this 

issue. The next important RCT will compare C-EMR to C-EMR with thermal ablation of the 

margin (clinicaltrials.gov identifier NCT05041478). 

 

In contrast to adenomatous LNPCPs, C-EMR is always the primary modality for ER of 

serrated LNPCPs, irrespective of size. 36 This large study (n=562) of serrated lesions found no 

difference in technical success and recurrence rates between EMR and C-EMR groups 

however bleeding (0% vs 5.1%) and significant deep mural injury (DMI) (0% vs 2.8%) were 

more common in the EMR group.  

 

Special considerations 

Site specific considerations and technique modifications may be needed for LNPCPs located 

at the ICV, appendiceal orifice, at a surgical anastomosis, or ARJ or those which are 

circumferential. 16, 37-39 
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The rectum should be regarded as a complex high-risk site, with distinct challenges compared 

to the colon. This is not due to its technical limitations but due to its increased risk of covert 

SMIC. 26, 40 Furthermore, the consequences of failed endoscopic cure include consideration of 

the most hazardous and complicated forms of colorectal surgery including permanent ostomy 

formation 41. In a large, multicentre observational study (n=618) rectal LNPCPs were more 

likely to have nodular morphology (53% vs 17%, p<0.001) and contain cancer (15% vs 6%, 

p<0.001) compared to LNPCPs in the remainder of the colon. 26 Endoscopic en bloc resection 

for any LNPCP with a nodular component is critical with the aim of achieving an R0 

(curative) resection. This requires meticulous planning. 

 

ESD was developed as an ER technique for the curative treatment of early gastric cancer. 

ESD is now an established technique in the colo-rectum. It is typically performed with a 

generous submucosal injection, in a retroflexed position for improved scope stability and an 

improved more parallel angle of the cutting plane. Dissection is performed with an 

electrosurgical knife. Technique has improved over the past 10 years, aided by internal and 

external traction devices as well as techniques such as pocket creation ESD.  

 

EMR and ESD are complementary techniques for resection of rectal LNPCPs. A selective 

resection algorithm (SRA) has demonstrated superior outcomes compared to a universal 

EMR algorithm (UEA). In a large study (n=480) comparing a SRA to a UEA, LNPCPs 

underwent ESD if they had features suggestive of superficial overt SMIC (1000μm, KPP Vi) 

or covert SMIC (Paris 0-Is or a dominant nodule). All (n=7, 100%) LNPCPs with SMIC 

amenable to R0 resection which underwent ESD, were cured. 16 A rectum-specific SRA 

avoids the piecemeal resection of cancer. 

 

Prevention of bleeding by prophylactic treatment of medium and large vessels with 

coagulating forceps is key. Bleeding stains the mucosa impeding views, leading to a higher 

risk of incomplete resection. Treatment of bleeding can char the mucosa, also obscuring 

views. Given its resource intensive, time-consuming nature, this technique is best reserved 

for lesions with superficial overt SMIC or high risk of covert SMIC. In clinical practice, this 

limits it’s use predominantly to the rectum. 24 
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Previously attempted LNPCPs are common and present a unique set of challenges. Due to the 

dense submucosal fibrosis, submucosal lift if often unsuccessful. A large observational study 

(n=1292) demonstrated that with the use of auxiliary these lesions can be effectively resected 

by EMR. CAST was used in 73 (46.2%) cases. No recurrence (n=0, 0%) was identified in any 

previously attempted LNPCPs which underwent margin thermal ablation demonstrating that 

EMR is effective for resection of these lesions. 42 

 

Complications 

Deep Mural Injury 

Significant DMI (Deep Mural Injury Type III-V) was previously a feared intra-procedural 

complication, with a frequency of around 3%.40 However, due to an improved understanding 

of risk factors, earlier recognition and advances in closure devices such as through-the scope 

clips, significant DMI can now be successfully managed. 40, 43 In a large, prospective cohort 

(n=911) significant DMI was associated with attempted en bloc resection, advanced 

histopathology and transverse colon location. 43 In a large, prospective cohort (n=3717), 

significant DMI occurred in 2.7% (101/3717) of EMR resections (median lesion size 35mm, 

interquartile range 25mm-45mm). Successful defect closure occurred in 97.0% (98/101) of 

cases. There were no differences found between DMI and non-DMI cases in terms of 

technical success or recurrence. 40 

 

Post-procedural bleeding 

Prophylactic treatment of visible vessels within a defect post EMR, has been previously 

investigated. In a multi-centre RCT (n=347, 55.3% proximal colonic lesions) prophylactic 

endoscopic coagulation of all visible vessels within the post-EMR defect did not reduce 

clinically significant post-EMR bleeding compared to no treatment (5.2% vs 8.0%, p=0.30). 

44 Post-resection defect closure for right sided lesions using through-the-scope clips has been 

shown to reduce clinically significant post-EMR bleeding from 10.6% (12/113) to 3.4% 

(4/118), p=0.031. 45  
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Post-ER bleeding has a frequency of 6-7% dependent on defect location and the selected ER 

modality. Bleeding typically does not require any intervention and these cases are managed 

conservatively in >50% of cases. 46 

 

Post-Resection 

Post-operative care 

Post-resection instructions and communication with nursing staff, patients and their next-of-

kin is important to ensure early recognition and management of any adverse events or 

complications. Recovery staff should receive a verbal handover and a written endoscopy 

report from the proceduralist including any complexities or nuances of the case. Dependent 

on the procedure type, patients should remain fasting for at least 2 hours or until they have 

been reviewed by the proceduralist. After clinical assessment, if the patient is well, they can 

commence a clear fluid diet.  

 

The patient should receive a copy of their report. Dietary instructions should be highlighted 

and details of the best hospital contact should be clear, should the patient have any issues or 

questions overnight. Most patients can be discharged home the same day, but an endoscopy 

team member should contact the patient the following day for a telehealth assessment. 

 

Surveillance 

Guidelines recommend a follow-up surveillance colonoscopy 6 months post-ER. 18, 19, 47 

Surveillance post-ER is essential to evaluate the previous resection site and to exclude 

synchronous lesions. 48 Co-existent advanced pathology (polyps >10mm or with a villous 

component or high-grade dysplasia) is reported to occur at surveillance in 10-20% of cases. 48, 

49  

 

The previous ER site can be identified by a bland pale area, sometimes with anatomic 

distortion of the mucosal folds. 50 A standardised imaging protocol for optical assessment of 

the scar should include high-definition white light and narrow band imaging (NBI, Olympus, 

Inc, Tokyo, Japan). 50 Optical scar assessment is accurate. A recent multicentre single-blind 
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cross-over trial (n=203) to compare NBI and high-definition white light for the assessment of 

recurrence or residual adenoma at a post-EMR scar, reported a negative predictive value 

(NPV) >90% (NPV 96% using NBI, NPV 93% using high-definition white light). 51 Use of 

NBI was not superior to high-definition white light (p=0.06). 51 Expert consensus is that a 

biopsy is not needed for a bland scar with uniform pit pattern. 50 Common mimics of 

recurrence include clip artefact and inflammatory nodules. If an abnormality is suspected, this 

area should be excised and ablated, as described in a proposed Westmead algorithm for 

evaluating recurrence. 52 Techniques include cold snare resection or cold-forceps avulsion 

with adjuvant snare-tip soft coagulation (CAST), margin ablation and clip closure if any DMI 

≥Type 2. 34, 43, 53 

 

Conclusion 

ER is organ-sparing and minimally invasive. It is the recommended primary management 

strategy for the excision of LNPCPs, supported by high-quality studies. Referral to an expert 

endoscopist, rather than for surgery is the standard of care for all patients with an LNPCP. 

Predicted histopathology underpins the selective resection algorithm and accounts for lesion 

size, site, granularity, pit pattern and morphology. These resection decision strategies have 

revolutionised management of LNPCPs. Compared to surgery, they have a lower morbidity, 

mortality and are more cost-effective. Unnecessary surgery remains an important issue and 

can be overcome by greater awareness of the efficacy and superior risk profiles of ER. 
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Chapter 3 - Cold vs hot snare endoscopic mucosal resection for large (≥15mm) flat non-
pedunculated colorectal polyps: a randomized controlled trial 

 

Publication:  

O’Sullivan T, Cronin O, Van Hattem A, Mandarino FV, Gauci J, Kerrison C, Whitfield A, 

Gupta S, Lee E, Williams SJ, Burgess NG, Bourke MJ. Cold vs hot snare endoscopic 

mucosal resection for large (15mm) flat non-pedunculated colorectal polyps: a randomized 

controlled trial. Gut 2024 Oct 7;73(11):1823-1830. 

 

In brief:  

This randomised control trial (RCT) compared the recurrence rates of lesions removed by 

cold EMR and hot (conventional) EMR. Cold EMR had a higher recurrence rate compared to 

hot EMR. 

 

Contribution: 

This large RCT helps to advance our understanding of the advantages and limitations of cold 

EMR. Cold EMR has a significantly higher recurrence rate but with a lower rate of delayed 

bleeding. 

 

**As the corresponding author, I certify that Dr Oliver Cronin made a significant 

contribution to this manuscript to justify inclusion of this manuscript as a thesis 

chapter. 

 

Sincerely,  

 

Professor Michael Bourke 
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Abstract 

 

Background and aims 

Conventional hot snare Endoscopic Mucosal Resection (H-EMR) is effective for the 

management of large (≥20mm) non-pedunculated colon polyps (LNPCPs) however, 

electrocautery-related complications may incur significant morbidity. With a superior safety 

profile, cold snare EMR (C-EMR) of LNPCPs is an attractive alternative however evidence is 

lacking.   We conducted a randomized trial to compare the efficacy and safety of C-EMR to 

H-EMR.   

 

Methods 

Flat, 15-50mm adenomatous LNPCPs were prospectively enrolled and randomly assigned to 

C-EMR or H-EMR with margin thermal ablation at a single tertiary centre.  The primary 

outcome was endoscopically visible and/or histologically confirmed recurrence at 6 months 

surveillance colonoscopy (SC1). Secondary outcomes were clinically significant post-EMR 

bleeding (CSPEB), delayed perforation and technical success.    

 

Results 

177 LNPCPs were randomized to C-EMR arm (n=87) or H-EMR (n=90).  Treatment groups 

were equivalent for technical success 86/87 (98.9%) C-EMR vs H-EMR 90/90 (100%); 

p=0.31.  Recurrence was significantly greater in C-EMR (16/87, 18.4% vs 1/90, 1.1%; RR 

16.6, 95%CI 2.24-122; p<0.001.  Delayed perforation (1/90 (1.1%) vs 0; p=0.32) only 

occurred in the H-EMR group.  CSPEB was significantly greater in the H-EMR arm (7/90 

(7.8%) vs 1/87 (1.1%); RR 6.77, 95% CI 0.85-53.87; p = 0.034). 

 

Conclusion 

Compared to H-EMR, C-EMR for flat, adenomatous LNPCPs, demonstrates superior safety 

with equivalent technical success.  However, endoscopic recurrence is significantly greater 

for cold snare resection and is currently a limitation of the technique.   
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Background and aims: 
 

Conventional hot snare Endoscopic Mucosal Resection (H-EMR) of large (≥20mm) non-

pedunculated colonic polyps (LNPCPs) is standard of care within international consensus 

guidelines.1,2  For benign lesions, H-EMR supersedes surgical resection due to superior safety 

and cost effectiveness.3-7  Historically, recurrence was frequently encountered in H-EMR. 8,9  

This was a significant limitation of the technique that necessitated multiple procedures to 

establish endoscopic cure.  The development of margin thermal ablation (MTA) to the post-

EMR defect has mitigated recurrence and dramatically changed the EMR landscape.10-12  

Despite this, electrocautery-related complications of delayed bleeding and perforation persist 

and may incur significant morbidity.13-22   

 

Cold snare polypectomy is effective and safe for the resection of small polyps.1,2 Perforation 

and delayed bleeding are a rare occurrence with complete resection rates comparable to hot 

snare techniques.23-25  Application of cold snare resection to large polyps is consequently an 

attractive alternative.  When performed on large non-dysplastic serrated polyps, it is safe and 

efficacious.26-28  Whether similar outcomes are achievable for adenomatous LNPCPs remains 

unclear, with high-quality evidence comparing cold EMR (C-EMR) to conventional hot snare 

EMR (H-EMR) lacking.   

 

The aim of this study was to conduct a randomized trial comparing the efficacy and safety of 

C-EMR against conventional H-EMR for the resection of adenomatous LNPCPs.   

 

 

Methods 

 

Study Design 

This was a prospective single-centre randomized controlled trial conducted at an Australian 

tertiary referral centre.   The scientific protocol, data collection sheets and patient consent 

form were reviewed and approved by the Human Research Ethics Committee and registration 

was obtained (NCT04138030).  All authors had access to the study data and reviewed and 

approved the final manuscript.  The manuscript adheres to the Consolidated Standards of 

Reporting Trials (CONSORT) recommendations.29   
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Patient selection and randomization  

 

Between November 2019 and September 2023, patients referred with flat LNPCPs between 

15-50mm in size were enrolled in the study unless they declined.  Written informed consent 

was obtained from each patient on the day of the procedure.  Exclusion criteria included: 

antiplatelet (excluding aspirin) or anticoagulant use not appropriately interrupted according to 

current guidelines, bleeding disorder or coagulopathy, inflammatory bowel disease associated 

dysplasia, LNPCPs concerning for SMIC (Kudo V surface appearance), serrated lesions, 

LNPCPs directly involving the ileocaecal valve (ICV), anorectal junction (ARJ) or 

appendiceal orifice (AO) and sessile LNPCPs with a Paris 0-Is component greater than 10mm 

in size. 

 

Following optical evaluation, eligible lesions from consenting patients were randomized in a 

1:1 ratio to the active (C-EMR ) or control (H-EMR) arm using a randomly generated number 

table which was stored in a locked cabinet outside the procedural room.  To minimise bias, 

allocation was conducted by a trained research nurse/investigator with the proceduralist 

blinded to the allocation process.   Randomization was performed per lesion with only one 

lesion randomised for each patient.    

 

Procedure 

 

All endoscopic procedures were performed by either a study investigator (accredited 

gastroenterologist with advanced training at a tertiary referral centre in colorectal endoscopic 

resection) or a senior interventional endoscopy fellow under their supervision. Anti-platelet 

(thienopyridine derivatives) and anti-coagulation medications were withheld pre-procedure, 

in accordance with consensus recommendations.  Standard split dose bowel preparation was 

administered 24 hours prior to procedure.  Intravenous sedation was with a combination of 

fentanyl, midazolam and propofol. 

 

High-definition Olympus 190 series variable-stiffness colonoscopes (HQ190 PCF/CF; 

Olympus, Tokyo, Japan) were used for all procedures with carbon dioxide for insufflation. 

Optical evaluation was performed under high-definition white-light and narrow-band imaging 

(NBI) to exclude features of submucosal invasive cancer (SMIC).  Polyp size was measured 

against an open snare of known size.  Once deemed appropriate for EMR, a submucosal 
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cushion was created with injection of succinylated gelatin (Gelofusine; B. Braun, Bella Vista, 

Australia) with 0.4% indigo carmine and 1:100,000 epinephrine.   

 

For conventional H-EMR, a standardized, previously described, inject and resect EMR 

technique was used.30-33 A microprocessor-controlled electrosurgical generator (Endocut 

effect 3, VIO 300D; ERBE Elektromedizin, Tübingen, Germany) with fractionated current 

was used for electrocautery.   Thermal ablation of the resection margin was performed using 

snare tip soft coagulation (STSC) (ERBE VIO 300D, SOFT COAG: 80W, Effect 4; ERBE, 

Tubingen, Germany).  The resected tissue was retrieved by suctioning into a polyp trap or 

collection with a roth-net. 

 

For C-EMR, following submucosal injection, snare excision was performed with a dedicated 

stiff thin-wired cold snare (Boston Captivator 10mm).  A 3 mm rim of normal mucosa 

surrounding the polyp was excised and any residual adenoma re-resected to obtain complete 

resection of the lesion.  Resected tissue was retrieved by suctioning into a polyp trap.   

 

Defects were inspected to assess for deep mural injury (DMI).15 Areas of significant injury 

(DMI II-V) were treated with mechanical clip closure.  Intraprocedural bleeding (IPB) was 

treated with STSC, haemostatic forceps or clip closure.  Although evidence for defect closure 

in the right colon emerged following the study’s inception, to minimise bias, this was not 

routinely conducted during H-EMR procedures for bleeding prophylaxis.  As per standard 

practice at study commencement, lesions deemed high risk of CSPEB based on defined risk 

factors were prophylactically closed at endoscopist discretion.18    

    

Resection specimens were evaluated by specialist gastrointestinal pathologists. After 

completion of the procedure, patients were observed for 4 hours. If well, they were 

discharged on a clear fluid diet overnight. For patients who had their anti-thrombotic therapy 

withheld prior to EMR, they were instructed to recommence after 48 hours.   Post procedure 

care was identical for both treatment arms.   

 

Clinical follow up and endoscopic surveillance  

 

At 14 days, all patients irrespective of intervention received were contacted by a study 

coordinator and underwent a structured telephone interview to identify peri-procedural 
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adverse events.  Medical records were also interrogated to identify readmission for adverse 

events and record subsequent management.  Patients and investigators were not blinded to the 

intervention received as this was documented on procedural reports.  

 

First surveillance colonoscopy (SC1) was performed 6 months following index resection and 

scars optically evaluated under high-definition white-light and narrow-band imaging (NBI) 

with meticulous photo documentation.  Proceduralists were not blinded to the intervention 

received during scar examination.  Biopsies were subsequently taken of bland scars to 

confirm the absence of recurrence.  Residual or recurrent adenoma (RRA) when identified, 

was treated with either hot snare excision or cold biopsy forcep avulsion with adjuvant STSC 

(CAST).34 

 

Study definitions and endpoints  

 

Baseline patient demographics were collected including age, gender, and American Society of 

Anaesthesiologists (ASA) classification.  LNPCPs characteristics included Paris 

classification, surface granularity (granular vs non-granular), size, location, and 

histopathological diagnosis.  Intra-procedural data was recorded including adverse events.  

IPB was defined as oozing or spurting blood loss for >60 seconds, not responding to water jet 

irrigation and requiring either STSC, coagulation forceps, or mechanical haemostasis. 

Significant DMI was defined as grade II-V.    

 

The primary outcome was endoscopically visible and/or histologically confirmed RRA 

identified in the EMR scar at SC1. Secondary outcomes included technical success and 

adverse events of clinically significant post-EMR bleeding (CSPEB) and delayed perforation.   

CSPEB was defined as any bleeding that occurred after the procedure with either a 

haemoglobin drop, hospital admission, or re- intervention (endoscopy, angiography, surgery) 

within 14 days.  Delayed perforation was defined as the clinical syndrome of pain after EMR 

with imaging or surgical evidence of full-thickness injury to the colorectal wall. 

 

Statistical Analysis  

 

Initial sample size calculations utilised recurrence rates of 7% in conventional EMR vs 14% 

for C-EMR.   Using a 2-sided alpha of 0.05 and power of 80%, the sample size initially 



 48 

required was 300 lesions each arm.  Following study commencement, real-world recurrence 

data from our centre was published demonstrating RRA of 1.4%.11 Sample size calculations 

were subsequently adjusted to reflect recurrence rates of 2% in conventional EMR.  Using a 

2-sided alpha of 0.05 and power of 80%, a reduced sample size of 79 lesions each arm was 

calculated.  An additional ~10% of cases were added to account for patient dropout during the 

study period.    

 

IBM SPSS Statistics 27.0 software (SPSS Inc, IBM Corp, New York, NY) was used for 

statistical analyses.  Two tailed tests with a significance level of 5% were used throughout.   

Continuous variables are summarized as mean with standard deviation or median with 

interquartile range (IQR) depending on distribution.  Categorical variables were described 

using frequencies.  Primary analysis was performed based on intention-to-treat (ITT) 

principles. Subsequent per-protocol (PP) analysis considered whether the actual assigned 

treatment was performed.  

 

Primary and secondary outcomes were expressed as absolute and relative risks with 95% 

confidence intervals and compared using chi-square or Fisher’s exact tests as appropriate.  

Due to the low event rate, multivariate regression analysis was not sufficiently powered to 

identify predictors of RRA.  

 

 

Results  

 

Cohort characteristics  

A total of 931 LNPCPs were referred for endoscopic resection over 46 months between 

November 2019-September 2023.  180 LNPCPs met eligibility criteria in accordance with the 

study protocol.  Three patients were inappropriately randomized on two occasions and these 

lesions excluded.  87 lesions were randomized to the C-EMR arm and 90 to the H-EMR arm.  

Mean patient age was 68±9.98 with 53.1% male and 81.3% ASA Class II.  Median lesion size 

was 30mm (IQR 25-35mm) with a predominant granular (55.4%) Paris 0-IIa morphology 

(94.4%).  The majority (63.8%) of lesions were located in the ascending colon/caecum.  

Baseline characteristics between treatment arms are summarised in Table 1.  
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Technical success 

Technical success was equivalent with no significant difference between treatment arms (C-

EMR 86/87 (98.9%) vs H-EMR 90/90 (100%); p=0.31).  A single C-EMR procedure 

performed on a 40mm, granular Paris 0-IIa, caecal lesion required conversion to H-EMR due 

to unexpected submucosal fibrosis.   

 

Recurrence at first colonoscopy surveillance (SC1) 

146 LNPCPs undertook SC1 (76 C-EMR, 70 H-EMR).  In the C-EMR arm four patients were 

ineligible for surveillance colonoscopy (two due to synchronous cancers and two for 

significant comorbidities).  In the H-EMR arm two patients were ineligible due to 

comorbidities, two patients underwent surgery for unexpected poor prognostic SMIC in the 

resected specimen and one patient required surgery for a delayed perforation.  Two patients 

in the H-EMR cohort died prior to undertaking surveillance due to conditions unrelated to the 

EMR procedure (cerebral malignancy and neurodegenerative disease).  Of those patients 

eligible for surveillance, 10 were lost to follow up (4 C-EMR arm, 6 H-EMR arm).  Three 

patients declined/cancelled follow up surveillance procedures (1 C-EMR arm, 2 H-EMR 

arm).   

  

On intention to treat analysis, recurrence was significantly greater in the C-EMR arm 16/87 

(18.4%) compared to the H-EMR arm 1/90 (1.1%) RR 16.6, 95%CI 2.24-122; p<0.001).  On 

per protocol analysis, crude rates were higher, with recurrence in C-EMR in 16/76 (21.1%) 

compared to 1/70 (1.4%) in the H-EMR arm (p<0.001).  All recurrences were diminutive and 

successfully treated endoscopically with no complications.   

 

C-EMR recurrences were predominately caecal location (7/16 (43.8%)) with a granular 

(11/16 68.8%) Paris 0-IIa (100%) morphology (Table 2).  Median lesion size was 35mm (IQR 

30-40mm).  Only 3 lesions under 30mm in size demonstrated recurrence with cold EMR.   

 

Clip closure, deep mural injury and bleeding complications 

Clip closure was performed as per standard practice in 40 cases (1 C-EMR arm, 39 H-EMR 

arm).  Indications for clipping included significant DMI (II-V), persistent intraprocedural 

bleeding or patients deemed high risk for CSPEB based on defined predictors.18   

An isolated case of intraprocedural bleeding in the C-EMR arm was successfully treated with 

clip closure.  Intraprocedural bleeding was significantly greater in the H-EMR arm (12/90 
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(13.3%) compared to the C-EMR arm 1/87 (1.1%); p=0.002.   Haemostasis was achieved in 

the H-EMR arm with STSC (9/12, 75%), coagulation forceps (2/12, 16.7%) and clip closure 

(1/12, 8.3%).    

 

Significant deep mural injury (DMI II-V) was only encountered in the H-EMR arm (27/90 

(30%) vs 0; p<0.001).  All 27 cases were appropriately closed with endoscopic clips.  The 

majority were DMI Type II (23/27, 85.2%) with 1/27 (3.7%) Type III DMI and 3/27 (11.1%) 

type IV.15    

 

CSPEB was greater in the H-EMR arm (7/90 (7.8%) vs 1/87 (1.1%); RR 6.77, 95% CI 0.85-

53.87; p = 0.034.  11 cases of clip closure in the H-EMR arm were performed for bleeding 

prophylaxis based on individual patient risk.  A further case required clipping due to adjacent 

mucosal trauma.  3/7 cases of CSPEB in the H-EMR arm were clipped intraprocedurally for 

DMI Type II (2/3) and IPB (1/3). 

Delayed perforation only occurred in the H-EMR group with an isolated case managed with 

surgical resection (1/90 (1.1%) vs 0; p=0.32). 

 

Discussion 

 

H-EMR is effective for the management of LNPCPs with recurrence an infrequent finding 

since the introduction of MTA.10-12 Electrocautery driven post procedural adverse events 

remain problematic and may incur significant morbidity.  Cold snare polypectomy 

demonstrates superior safety for diminutive polyps and serrated lesions, however its 

application to LNPCPs lacks high-quality evidence.  This randomized trial has evaluated the 

safety and effectiveness of C-EMR in the resection of adenomatous LNPCPs. 

Post-procedural bleeding and perforation may incur significant morbidity and are a limitation 

of conventional H-EMR for LNPCPs.  A prospective series of 1172 patients identified 

CSPEB in 6.2% of cases with proximal colon rates of 10-12%.18 >40% of CSPEB cases 

require repeat colonoscopy with 37% necessitating endoscopic haemostasis.13 Recently 

demonstrated, prophylactic defect closure in the right colon is an effective preventative 

measure for CSPEB.  A meta-analysis of four randomized trials demonstrated CSPEB in 

3.5% of clipped vs 9.0% of unclipped EMR defects.22 Whilst exceedingly rare, delayed 

perforation is a complication requiring emergent surgical treatment with significant post-
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operative morbidity and mortality.9, 15,16,17,35  Recognition and closure of DMI however, has 

made delayed perforation a largely preventable complication.15,17. H-EMR adverse events are 

largely driven by electrocautery-induced deep thermal tissue injury.36-37  In a study of 193 

polypectomy specimens, submucosal resection depth with hot snares was 338 µm.  In 

contrast, cold snare resection was shallower (76µm), with resection layers residing in the 

submucosa in 9% of cases compared to 92% for hot snare resection (p < 0.001).38-39   

In the absence of electrocautery, for polyps <15mm in size, cold snare polypectomy (CSP) is 

highly effective with minimal adverse events.   A non-inferiority trial examining complete 

resection rate (CRR) demonstrated 98.2% CRR for CSP compared to 97.4% for hot snare 

(non-inferiority p<0.0001).24  A meta-analysis of 4535 polyps reported similar findings with 

no significant difference in CRR between CSP and HSP (OR 0.86, 95% CI 0.60-1.24).27  A 

single centre retrospective study reported no cases of delayed bleeding for CSP in 2-11mm 

polyps compared to hot snare polypectomy (HSP) (P = 0.02).22  A randomized trial 

comparing HSP and CSP for polyps £10mm reported no delayed bleeding with CSP 

compared to 14% requiring endoscopic haemostasis with HSP (P = .027).25   CSP is 

consequently standard of care for small polyps with increasing application to larger lesions. 

Large, non-dysplastic serrated polyps are safely and effectively resected with cold snare 

resection.  A prospective series of C-EMR in 163 large SSLs demonstrated residual polyp in 

one case with no CSPEB.30 Similar findings were reported in a prospective series of 41 SSLs 

with no reported cases of CSPEB or recurrence.31 A comparative study for 562 large, serrated 

lesions found no adverse events with C-EMR with significantly greater frequency of CSPEB 

and DMI with H-EMR (5.1% and 3.4% respectively).  No significant difference was noted 

for recurrence (4.3% versus 4.6%).32    

In contrast to serrated lesions, C-EMR of adenomatous LNPCPs remains poorly investigated, 

with data limited to observational studies.  A metanalysis of eight studies and 522 polyps 

reported postprocedural bleeding in 0.5% (95% CI, .1%-1.2%) with no perforations.  

However, pooled residual rates in adenomas were 11.1% (95% CI, 4.1%-18.1%) which 

increased to 22% in the subgroup of polyps over 20mm in size.40 Other retrospective series 

have reported recurrence rates of 11-34% which increment with growing LNPCP size.41-42 
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This randomized trial has confirmed C-EMR as a technically successful technique for 

adenomatous LNPCPs with significantly reduced rates of delayed bleeding and perforation.  

Within the C-EMR arm, CSPEB was present in 1/87 (1.1%) patients compared to 7/90 (7.8%) 

in the H-EMR arm (RR 6.77, 95% CI 0.85-53.87; p = 0.034).  Anticoagulation was withheld 

periprocedurally across both treatment arms with higher anticoagulant use in the C-EMR 

cohort (23% vs 16.5%).  Of the seven cases in the H-EMR arm, four (57.1%) required repeat 

colonoscopy for endoscopic haemostasis and an additional case received angio-embolization.  

Three cases were on anticoagulation which was appropriately withheld perioperatively.  The 

single case of CSPEB in the C-EMR arm was on aspirin monotherapy and was managed 

conservatively.  We recognise that during the study period, prophylactic clip closure of right 

colon H-EMR defects became standard of care following multiple studies demonstrating a 

reduction in CSPEB.  To minimise bias, this practice was not universally adopted, with clip 

closure performed for significant deep mural injury (II-V), intraprocedural bleeding or risk 

factors for delayed CSPEB (as was standard practice at trial inception).  Clip closure was 

utilised for 40 cases (1/40 C-EMR arm, 39/40 H-EMR arm) with 12/39 H-EMR closures 

performed for bleeding prophylaxis.  We recognise such practices may have lowered the 

prevalence of CSPEB in the H-EMR cohort and masked an even larger difference in delayed 

bleeding between treatment arms.  

 

Delayed perforation was rare in this study with only one case in the H-EMR arm 1/90 (1.1%) 

vs 0; p=0.32).  This lesion demonstrated type II DMI which was prophylactically clipped.  

Within 24 hours post-procedure the patient re-presented with abdominal pain and radiological 

evidence of localised perforation.  Following failure of conservative management, a 

laparotomy and right hemicolectomy was conducted.  The patient was discharged after a 16-

day admission.   

 

Despite its superior safety, this study has demonstrated endoscopic recurrence to be 

significantly greater with C-EMR and a limitation of the technique.  Historically conventional 

H-EMR was limited by recurrence rates exceeding 13% (13.8%, 95% CI 12.9% to 14.7%).9 

Whilst endoscopically treatable, this was at the cost of an increased procedural burden.34  

MTA has been transformative to H-EMR practice, with recurrence in <5% of cases.10,11,12  

Within this trial, one case of recurrence in the H-EMR arm reflects previous studies, with C-

EMR demonstrating recurrence at a significantly greater rate on intention to treat analysis 
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16/87 (18.4%) compared to H-EMR 1/90 (1.1%) (RR 16.6, 95%CI 2.24-122; p<0.001).   All 

cases were diminutive foci which were managed endoscopically.    

 

Before the introduction of MTA in conventional EMR, LNPCP size ≥40 mm, IPB, and high-

grade dysplasia were identified as independent predictors of recurrence.43 Whilst there were 

not enough recurrence events to power a multivariate analysis in this study, there is 

indications that similar predictors are present in the C-EMR cohort.  Recurrence was 

predominately observed in larger LNPCPs with 13/16 cases ≥30mm in size.  Furthermore, 

while C-EMR did not demonstrate significant IPB requiring adjuvant haemostasis techniques, 

compared to H-EMR, mild venous ooze is consistently observed which interferes with defect 

visualisation and accurate characterisation of resection margins.   

 

The success of MTA in H-EMR suggests recurrence is a consequence of microscopic 

adenoma within peripheral margins.  Previously, no significant difference has been 

demonstrated in specimen muscularis mucosa for both CSP and HSP (96% vs 92%; 

p=0.603).44  CSP however, frequently demonstrates incomplete resection at defect margins 

within biopsy specimens.24-25,45 Whether MTA will be as effective in C-EMR is unknown and 

a focus for future studies.   

 

The findings of this study emphasise that despite C-EMR demonstrating infrequent adverse 

events, recurrence is significantly greater compared to conventional H-EMR.  C-EMR may 

be considered for individual cases where adverse events are unacceptable including, medical 

comorbidities, geographical isolation or anticoagulation use.  Superior safety however does 

not justify universal implementation of the technique.  A recent economic study comparing C-

EMR vs H-EMR suggest the safety of C-EMR positions it as the more cost-effective 

modality.  There were several limitations to this study, however.  The cost difference was 

largely driven by the absence of routine prophylactic clip-closure with C-EMR.  In contrast to 

recommended practice, all H-EMR procedures underwent defect closure for bleeding 

prophylaxis and surveillance colonoscopy was not increased if recurrence was detected.  

Furthermore, recurrence in H-EMR was 5% which exceeded real world figures of <2%.   

Further economic analyses with accurate C-EMR data are required to definitively understand 

the financial impact of this technique. 
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This study is not without limitations.  Firstly, the trial was conducted at a tertiary centre with 

expert endoscopists trained in endoscopic resection.  We recognise that the low recurrence 

rates experienced with H-EMR may not be reproducible in other centres.  Secondly, Paris 0-Is 

lesions and locations of ICV, AO and ARJ are not represented in this cohort.  Bulky lesions 

are less likely to be effectively transected without electrocautery and the ICV, AO and ARJ 

represent unique locations with individual technical challenges and recurrence rates.  Finally, 

the single-centre study design and small numbers made identification of predictors of 

recurrence statistically challenging.  Future larger studies are required to explore predictors of 

recurrence within C-EMR cohorts.   

  

In conclusion, compared to H-EMR, C-EMR for flat, adenomatous LNPCPs, demonstrates 

superior safety with equivalent technical success.  These advantages, however, are at the cost 

of significantly increased endoscopic recurrence for C-EMR.  Currently this is a significant 

limitation of the technique requiring further investigation of both predictors and preventative 

measures.   
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Figure 2 Study enrolment flow diagram  

 

 
 

EMR, endoscopic mucosal resection; ITT, Intention to treat; PP, per-protocol; SC1, first 

surveillance colonoscopy, FU, follow up. 

 

 

Table 1: Baseline characteristics of study cohort 
 

 Active arm (Cold) = 87 

 

Control arm (Hot) = 90 

Age (SD) 69.1 +/- 9.87 67.3 +/- 10.1 

Gender    

     Male 43 (49.4%) 52 (57.1%) 

      Female 44 (50.6%) 39 (42.9%) 
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ASA   

    I 7 (8.1%) 9 (10%) 

    II 71 (82.6%) 72 (80%) 

    III 

 

8 (9.3%) 9 (10%) 

Size (mm) IQR 30 (25-40) 30 (25-35) 

Location   

     Rectum 3 (3.4%) 3 (3.3%) 

     Sigmoid 0 3 (3.3%) 

    Descending 0 6 (6.7%) 

    Transverse 26 (29.9%) 23 (25.6%) 

    Ascending 24 (27.6%) 24 (26.7%) 

    Caecum 34 (39.1%) 31 (34.4%) 

Paris Classification   

   0-Is 0 2 (2.2%) 

  0-IIa/IIb 82 (94.3%) 85 (94.4%) 

  0-IIa + Is 5 (5.7%) 3 (3.3%) 

Morphology   

  Granular 46 (52.9%) 52 (57.8%) 

  Nongranular 37 (42.5%) 36 (40%) 

  Mixed 4 (4.6%) 2 (2.2%) 

Histology   

  Low grade dysplasia 79 (90.8%) 79 (87.8%) 

  High grade dysplasia 8 (9.2%) 11 (12.2%) 

  SMIC 0 

 

2 (2.2%) 

Successful EMR 86 (98.9%) 90 (100%) 

IPB 1 (1.1%) 12 (13.3%) 

DMI   

    I 0 2 (2.2%) 

    II 0 23 (25.6%) 

   III 0 1 (1.1%) 

   IV 0 3 (3.3%) 
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Anaesthesiologists Classification; SMIC, submucosal invasive cancer;  

 

 

Table 2 Lesion characteris1cs of C-EMR recurrences 
Characteristics N = 16 (%) 

Size (median; IQR) 35mm (30-40mm) 

Location  

    Transverse 5 (31.3%) 

    Ascending 4 (25%) 

    Caecum 7 (43.8%) 

Paris 0-IIa 16 (100%) 

Morphology  

   Granular  11 (68.8%) 

   Nongranular 5 (31.3%) 

High grade dysplasia 1 (6.2%) 

IPB 1 (6.3%) 

DMI 0 (0%) 

 

 

 

 

 

Clip closure 

 

1 (1.1%) 

 

39 (43.3%) 

Anticoagulant use 20 (23%) 15 (16.7%) 
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Chapter 4 - The geometry of cold snare polypectomy 
 
Publication:  

Cronin O, Kirzenblat D, Forbes N, O’Sullivan T, Whitfield A, Gupta S, Burgess NG, Bourke 

MJ. The geometry of cold snare polypectomy. Endoscopy 2024 Mar;56(3):214-219. 

 

In brief: 

- Polyp area increases quadratically with increasing polyp radius. 

- Resection error rate (RER) is more important for piecemeal-cold snare polypectomy 

(P-CSP) than with hot snare polypectomy (HSP). 

- Rate of incomplete resection (RIR) increases with the number of snare resections. 

Contribution:  

- This study highlights that RER is more important with p-CSP than with HSP. 

- Incomplete resection rates are higher with P-CSP than HSP 

- The benefits of p-CSP may begin to be outweighed by the risk of incomplete resection 

for polyps >30-40mm 

- Techniques specific to P-CSP as well as innovations to endoscopic resection 

equipment need to be studied and developed. 
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Abstract 

 

Background and Aims 

Cold snare polypectomy (CSP) is safer and equi-efficacious to hot snare polypectomy (HSP) 

for the removal of small (<10mm) colorectal polyps. The upper limit of polyp size that can be 

effectively managed by piecemeal CSP (p-CSP) without an excessive burden of recurrence is 

unknown. 

 

Methods 

Resection error rate (RER) for CSP and HSP were calculated based on the rate of incomplete 

resection in the literature. Polyp area, snare size, estimated number of resections and optimal 

resection defect area were modelled. The rate of incomplete resection (RIR) is defined as 

RIR=1-(1-p)n, where p is the RER and n the number of resections.  

 

Results 

Polyp area increases quadratically as polyp radius increases. Comparing a 20mm vs 40mm 

polyp, area is four times greater (314.16mm2 vs 1256.64mm2) and the number of required 

resections was 3 times greater (11 vs 33, assuming 8 mm piecemeal resection pieces for p-

CSP respectively). The RIR of a 40mm polyp by HSP and p-CSP were 15.1%-23% and 

40.74%-60.6% respectively. 

 

Conclusion 

RER is more important with p-CSP than with HSP. RER and consequent RIR increases with 

increasing polyp size. Given the overwhelming safety of CSP, specific techniques to 

minimise the RER should be studied and developed. 
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Introduction 

 

Colorectal cancer (CRC) is the third most common cancer worldwide. [1] The majority of 

these tumours arise from colorectal polyps and colonoscopy exerts its beneficial effect by 

polypectomy. [2] Ideally polypectomy should be safe, efficient, cost-effective and curative. 

Recurrence occurs due to incomplete resection which compromises clinical outcomes and 

increases cost.  

 

The overwhelming majority of colonic polyps are less than 10mm and are safely and 

effectively managed with en bloc or oligo-piecemeal cold snare polypectomy. The absence of 

electrocautery all but eliminates the risks of perforation and post-polypectomy bleeding. [3] 

This safety and simplicity holds appeal for resection of larger lesions which have traditionally 

been removed by hot snare endoscopic mucosal resection (EMR). However, the use of 

diathermy carries with it a small but significant risk of perforation and delayed bleeding. [4, 

5]  

 

The upper limit of lesion size where piecemeal cold snare polypectomy (p-CSP) remains 

clinically effective, without excessive and burdensome rates of recurrence is currently 

unknown. We undertook a modelling study to address this important question.  

 

Methods 

 

Incomplete resection rates for hot snare polypectomy (HSP) and CSP were determined after a 

review of relevant literature. A formal systematic review with a comprehensive electronic 

search strategy was not employed. Rather, targeted literature searches were conducted for 

publications available up to 1st June 2022. The PubMed database was searched using the 

following terms: “cold snare” AND polypectomy AND incomplete (n=36); “cold snare” AND 

polypectomy AND residual (n=37).” 

There were no restrictions on the type of publication and no restriction on study size. 

Language was limited to English. Data extracted included: Author, journal, year of 

publication, polyp size, injectate used, study size, rate of incomplete resection 

(Supplementary Table 1). 
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There is a paucity of data for RIR, particularly for piecemeal p-CSP. This data included a 

recent large multicentre trial (n=1393) which reported a RIR  of 1.5% for polyps ≤10 mm. [6] 

However, there is little data reporting the RIR using p-CSP for polyps >20mm. With the 

scarcity of relevant studies, a reasonable surrogate measure was extrapolated from the CARE 

study (n=110, RIR 17.3% for polyps 10-20mm). This may underestimate the actual 

incomplete resection rate for p-CSP given this study used HSP. [7]  

 

Snare size and shape 

A 10mm snare is assumed for CSP modelling. Resection pieces vary between 6-8mm in 

diameter. [8] A 15mm snare was assumed for HSP, with a resection diameter of 15mm. The 

snare shape has been assumed to be circular, as a surrogate for the true slightly elliptical 

shape of a snare. 

 

Resection Error Rate – a cumulative risk estimate 

Resection error rate (RER) is defined as the likelihood of incomplete removal of 

adenomatous tissue per snare resection. This cumulative rate increases with sequential snare 

resections during piecemeal EMR. Based on a 20mm polyp area with 3mm margin of normal 

tissue (530.93mm2), the number of p-CSP resections with an 8mm snare (area 50.26mm2) is 

10.56. This is supported by the ‘Disc covering problem’ which estimates the smallest number 

of smaller discs required to cover a larger disc. [9] Clinically, this equates to 10 to 11 

sequential snare resections. Dividing 17.3%, the RIR from the literature, by the number of 

sequential snares (10-11) the p-CSP RER is estimated at 1.57%-1.73%. 

 

Moreover, HSP has evolved with advances such as thermal ablation of the defect margin 

which have greatly reduced recurrence rates. [10, 11] RIR with HSP is also likely to be lower 

due to the tissue destruction from the thermal penumbra of the hot snare. However, 

conservatively, based on the Pohl study, it is reasonable to assume an incomplete resection 

rate of 17.3% for a 20mm polyp. [7] A 20mm polyp resected with a 15mm hot snare, with 

15mm resection pieces would require 10 resections. RER for HSP is estimated at 1.73%. 

 

Incomplete resection rate equation 

RIR = 1 - (1 - RER)^n, where n is the total number of resections required. This dynamic 

equation, accounts for the cumulative risk of missed adenoma with each piecemeal snare 

resection. 
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Data analyses 

Polyp area, snare area and defect area have been estimated using Area=𝜋𝑟2 (r, radius). A 3mm 

edge of normal tissue was added to the resection size, irrespective of polyp size. Recurrence 

rates have been used as a surrogate for incomplete resection. Incomplete resection rate has 

been assumed to be cumulative with each resection. Data were computed and graphically 

illustrated using Mathematica 12.3.1 (Wolfram Research) by a mathematician with expertise 

in mathematical modelling. 

 

Results 

 

Polyp area 

Polyp area increases quadratically with increasing polyp radius (Figure 1). For example, the 

area of a 5mm, 10mm and 20mm polyp is 19.6mm2, 78.5mm2 and 314.2mm2 respectively 

(Table 1, Figures 2-3). This difference is further emphasised when comparing a 30mm and 

40mm polyp which have areas of 706.9mm2 and 1256.6mm2 respectively. With the addition 

of a 3mm margin of normal tissue, the area difference between a 10mm and 20mm polyp is 

329.9mm2 (2.6 times larger). 

 

Resection number 

Resection number is influenced by polyp area and sequential resection area (Table 1). A 

20mm polyp (with a 3mm margin of normal tissue) removed by p-CSP, requires 18.8 and 

10.6 resections using an 6mm vs 8mm diameter piecemeal resection size. 

 

Incomplete resection rate 

RIR is directly proportional to the number of resections, influenced by polyp size and snare 

area. The predicted RIR for a 20mm vs 40mm polyp removed by p-CSP with a 6mm 

resection size is 25.7% and 60.6% respectively. The predicted rate of incomplete resection for 

a 20mm vs 40mm polyp removed by p-CSP with an 8mm resection size is 15.4% and 40.7% 

respectively.  
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Discussion 

 

It has been shown that p-CSP is safer than HSP. However, anecdotally for adenomas 

recurrence seems to be excessive. We undertook a mathematical modelling study to better 

understand the size at which recurrence from p-CSP becomes particularly burdensome.  

There is a paucity of data for the RIR for piecemeal CSP and HSP. After extensive review of 

the literature, we used contemporary data from the highest quality publications to inform our 

model. RIR using p-CSP for polyps >20mm was 25.7% with 6mm pieces. Using p-CSP with 

8mm pieces, the 20mm RIR was 15.4% and comparable to the pre-thermal ablation 

recurrence rates prior to thermal ablation of the margin. However, as size increased RIR for 

p-CSP became excessive at >40% for lesions ≥40mm. 

 

The risk profile of CSP is clearly advantageous. Delayed bleeding and perforation are 

extremely rare events. The mitigation of bleeding risk is also very appealing in an era where 

anticoagulant and antiplatelet agents are common. The safety profile of CSP has been 

demonstrated in a large retrospective study (n=562) that compared conventional EMR to p-

CSP for resection of large ³20mm sessile serrated lesions (SSLs). [12] There were no adverse 

events reported in the p-CSP group compared to delayed bleeding and significant deep mural 

injury (Sydney classification type 3-5) [4] in the EMR group of 5.1% (n=18) and 3.4% 

(n=12) respectively. Technical success was 100% in both groups and recurrence at 18 months 

were similarly low at <2%. [13] 

 

Paradoxically, despite the excellent safety profile of p-CSP, there is a hesitancy to resect wide 

margins of normal tissue potentially leading to higher recurrence rates. Without meticulous 

attention to ensure sequential snare overlap, there is a risk of incomplete resection with each 

snare resection. Each pass with the snare-wire carries a small but cumulative error rate. The 

RIR becomes unacceptably high when removing even larger lesions. In this study, RIR for a 

40mm polyp was >40% when using an 8mm resection size and >60% when using a 6mm 

resection size. 

 

Using modelling, we have demonstrated that as lesion size increases, recurrence rates 

disproportionately increase and become potentially unacceptably high at >40% for lesions 
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40mm. This indicates that current techniques or devices are inadequate to manage larger 

lesions in this way. 

 

There is a lack of literature assessing the natural history of incompletely resected adenomas. 

Approximately one-third of post-colonoscopy CRCs are found within the same colorectal 

segment suggesting that these could be a result of incomplete resection [14]. Pohl and 

colleagues study (n=233) demonstrated a greater risk for neoplastic polyps in colon segments 

after incomplete polyp resection compared to segments with a prior complete resection [Odds 

Ratio (OR) 3.0, Confidence Interval (CI) 1.12 to 8.17]. [15] There is also no guarantee that 

these patients will comply with a surveillance program or that the polypectomy site will be 

found during surveillance procedures. For every 1% increase in adenoma detection rate, there 

is an associated 3% decrease in the risk of cancer (HR 0.97, 95%CI 0.96 to 0.98). [16] 

Moreover the financial burden of surveillance is significant.  

 

In contrast to HSP, p-CSP relies purely on a wide resection margin and sequential snare 

resection overlap to prevent recurrence. Key factors in reducing recurrence rates include 

resecting a 2-3mm margin of normal tissue and meticulous post-resection examination of the 

p-CSP defect. [13, 17] Despite the development of thin wire snares (0.30mm) for CSP, in an 

international multicentre randomised controlled trial (RCT) (n=1393) incomplete polyp 

resection was similar compared to use of a thick-wire snare (0.47mm) with only a single case 

of post endoscopic bleeding seen in the thin-wire snare group. [6] Although high quality 

technique is critical to optimise outcomes, further reductions in RER are likely to be driven 

by advances in device design. Intraprocedural bleeding has also been identified as an 

independent risk factor for recurrence. [18, 19] In comparison to HSP, intraprocedural 

bleeding (IPB) is more frequent when using CSP therefore we suggest the use of dilute 

adrenaline 1:100000 added to the injectate to minimise bleeding when performing p-CSP for 

lesions >20mm. 

 

Preventing recurrence is important for several reasons. Due to the fibrosis typically 

encountered around a recurrent polyp, resection is more challenging. [20] This increases the 

risk of complications and resultant morbidity. Additional health-care related costs are 

attributed to an often-prolonged procedure time to treat the recurrence, an increased risk of 

admission post-procedure as well as the need for additional procedures for ongoing 
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surveillance. All of this assumes that the patient is adherent to the management plan and is 

not lost to follow-up. Hence, techniques to reduce recurrence risk are essential. 

 

The results of this study have several important clinical implications. Piecemeal-CSP almost 

eliminates the risk of post-procedural bleeding and perforation however recurrence is greatly 

increased in comparison to conventional EMR. Lesion location, patient frailty and co-

morbidities, lesion morphology and predicted histology need to be factored into the process 

of selecting the appropriate resection technique which ideally would minimise complications, 

achieve successful lesion excision and avoid burdensome surveillance. For example, in the 

right colon, large non-pedunculated colonic polyps ≥20mm have a 10-12% risk of post-

procedural bleeding in the absence of defect closure, but many of these lesions are very large 

and defy current closure techniques. However, the risk of recurrence is also related to lesion 

size. These are some of the factors that need to be considered. These considerations usher in a 

new approach to colonic tissue resection which may become more individualised and 

bespoke. 

 

This study has several limitations. Firstly, a targeted review of the literature rather than a 

systematic review was employed to estimate RER for our equation. We acknowledge this 

method could have biased our model. However, our modelled IRRs are consistent with 

recurrence rates reported in a recent systematic review. [21] Abdallah et al. reported a 

recurrence rate of 12.3% (3.4%-35.7%) for polyps ≥20mm resected by piecemeal-cold snare 

polypectomy (P-CSP), derived from 4 studies. [13, 22-24] Unfortunately, recurrence rates for 

adenomas and sessile serrated lesions (SSLs) were not reported separately. SSLs are 

particularly suited to P-CSP due to their thin mucosal profile, and therefore have a lower 

recurrence rate, compared to adenomas. In particular, Van Hattem et al. included only SSLs 

(n=562, 4.3%). [13] The recurrence rate for adenomas is therefore likely higher than 

concluded by Abdallah et al. and more in-line with our model.  

 

Secondly, this model assumes that each resection is an independent entity. In clinical practice 

however, each resection is related in varying degrees, to the previous resections. Based on 

current literature, accounting for this is not feasible. Thirdly, it was assumed that polyp and 

snare shape are circular which made calculation of area and number of resections more 

practical. This assumption likely underestimates the number of resections required to remove 
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large non-circular lesions. Fourthly, technical challenges such as difficult access and intra-

procedural bleeding have not been accounted for but are likely to increase the number of 

resections for a lesion of any given size. Fifthly, the analysis was based on a very low 

incomplete resection rate which was conducted by experts who had received prior training 

and likely underestimates the true numerical value of RER. Other studies have reported a rate 

of incomplete resection of 8-10%. Finally, during p-CSP re-excision of suspicious areas may 

serve to reduce RIR. To what extent this occurs, and its efficacy is currently unknown and not 

feasible to model. 

 

Conclusions 

 

It is important for any endoscopist undertaking p-CSP to have a deep understanding of the 

fundamentals which underpin endoscopic resection technique. These include sound optical 

evaluation skills and a willingness to resect a wide margin with meticulous defect inspection 

and sequential snare overlap. This study demonstrates that the benefits of p-CSP may begin to 

be outweighed by the risk of incomplete resection for polyps >30-40mm. Further research is 

needed to develop better tools to minimise incomplete resection when using p-CSP and to 

understand the upper limit for p-CSP where its safety advantages become outweighed by the 

burden of recurrence and its sequelae. 
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Figures 

 
Figure 1. Risk of incomplete resection 

A mathematical model demonstrating the risk of incomplete resection for cold snare 

polypectomy and hot snare polypectomy for increasing polyp size. 

 

 
Figure 2. Cold snare polypectomy for Paris 0-IIa polyp <10mm. 

(A) 3mm Paris 0-IIa colorectal adenoma; (B) en bloc R0 excision with thin wire cold snare. 

Note wide margin of normal mucosa with snare placement; (C) the halo effect with blanching 

of the surrounding mucosa and hyperaemia of the adenoma; (D) post excision halo effect; (E) 

water expansion of the defect; (F) Careful inspection of margin. 
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Figure 3. Piecemeal cold snare polypectomy for Paris 0-IIa lesion >20mm. 

(A-C) >20mm lateral spreading lesion, examined with high-definition white light and 

narrow-band imaging; (D) lesion after submucosal injection; (E) piecemeal cold snare 

excision; (F) careful inspection of the post-resection defect margin. 
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Table 1. Polyp area, resection error rate and incomplete resection rate for hot and cold snare polypectomy.   
Polyp diameter (mm) 5 10 15 20 25 30 35 40 
Polyp area, mm2 19.63 78.54 176.71 314.16 490.87 706.86 962.11 1256.64 
Defect area, mm2 95.03 201.06 346.36 530.93 754.77 1017.88 1320.25 1661.90 
No. of 6mm resections 3.36 7.11 12.25 18.78 26.70 36.00 46.70 58.79 

Risk of IR (RER 1.57%) 5.20% 10.60% 17.60% 25.70% 34.50% 43.40% 52.20% 60.60% 
No. of 8mm resections 1.89 4.00 6.89 10.56 15.01 20.25 26.26 33.06 

Risk of IR (RER 1.73%) 2.95% 6.13% 10.33% 15.39% 21.14% 27.42% 34.00% 40.74% 
No. of resections with hot snare (15mm) 0.54 1.14 1.96 3.00 4.27 5.76 7.47 9.40 

Risk of IR (RER 1.73%) 0.94% 1.97% 3.36% 5.10% 7.18% 9.56% 12.22% 15.13% 
IR, Incomplete resection; RER, resection error rate.        



 76 

 
Supplementary Table 1: Literature search for residual or incomplete adenoma 

resection for piecemeal Cold Snare Polypectomy. 

 

Publication Size (mm) pCSP 

(n) 

IRR % 

(n) 

RRA % (n) 

 

Ma X, Clin Gastro Hep 

2022 [1] 

 

- 5 20.0 (1) - 

Kimoto Y, Clin Gastro Hep 

2022 [2] 

 

23 

(range 18-40) 

106 0.0 (0) - 

McWhinney CD, 

Gastrointest Endosc 2021 

[3] 

17.2 mean 

(6.5 SD) 

225 - 8.0 (18) 

Suresh S, EIO 2021 [4] 

 

29.4 

(range 20-80) 

310 - 34.8 (108) 

Augusto Barros, R EIO 

2021 [5] 

13.7 mean 

(5.2 SD) 

293 - 7.8 (23)** 

Li D, Scand J Gastro 2020 

[6] 

 

- 176 - 31.3 (55)*** 

van Hattem A, Gut 2020 [7] 25 

(IQR 20-30) 

92 - 4.3 (4) 

Mangira D, Gastrointest 

Endosc 2020 [8] 

20 

(IQR 20-30) 

164 - 5.5 (9) 

Van Overbeke L, AGEB 

2019 [9] 

 

- 87 - 10.3 (9)**** 

Tate DJ, Endoscopy 2018 

[10] 

15.0 

(IQR 14.5-20) 
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Chapter 5 - A Comparison of the Morphology and Histopathology of Large Non-
Pedunculated Colorectal Polyps in the Rectum and Colon: Implications for 

Endoscopic Treatment 
Publication:  

Cronin O, Sidhu M, Shahidi N, Gupta S, O’Sullivan T, Whitfield A, Wang H, Kumar 

P, Hourigan L, Byth K, Burgess NG, Bourke MJ. Comparison of Morphology and 

Histopathology of Polyps in the Rectum and Colon. Gastrointestinal Endoscopy, 2022 

July; 96(1):118-24. 

 

In brief: 

- Large non-pedunculated colorectal polyps (LNPCPs) in the rectum are more 

likely to be larger, granular and have a nodular component compared to non-

rectal LNPCPs. Rectal lesions are more likely to have tubulovillous 

histopathology and contain cancer. 

Contribution:  

- Lesion location predicts cancer risk and therefore should be included in any 

endoscopic resection algorithm, to inform resection technique. 

- Larger, nodular LNPCPs within the rectum have the greatest risk of containing 

cancer. 

- These lesions should be removed en bloc to achieve an R0 resection. 
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Abstract 

 

Background and Aims 

The risk of cancer in Large Non-Pedunculated Colorectal Polyps ≥ 20mm (LNPCPs) 

in the rectum relative to the remainder of the colon is unknown. We aimed to describe 

differences between rectal and colonic LNPCPs to better inform treatment decisions. 

 

Methods 

LNPCPs referred to tertiary centers for endoscopic resection, within a prospective, 

multi-center, observational cohort were evaluated. Data recorded included participant 

demographics, LNPCP location, morphology, resection modality and 

histopathological data. Multiple logistic regression analysis was used to identify those 

variables independently associated with rectal versus non-rectal location in the colon.  

 

Results 

LNPCPs referred for endoscopic resection between July 2008 and July 2021 were 

included. Rectal LNPCPs (n=618) were larger (median size 40mm Vs. 30mm, 

p<0.001) and more likely to be granular (79% Vs. 50%, p<0.001) with a nodular 

component (53% Vs. 17%, p<0.001) compared to non-rectal LNPCPs (n=2787). 

Rectal LNPCPs were more likely to have tubulovillous histopathology (72% Vs 47%, 

p<0.001) and contain cancer (15% Vs 6%, p<0.001). After adjusting for the other 

features independently associated with location, cancer was more common in the 

rectum compared to the colon [Odds Ratio (OR) 1.77, 95%CI 1.25-2.53].  

 

Conclusions 

This study suggests that, compared to LNPCPs in the rest of the colon, rectal LNPCPs 

are more likely to be larger and contain more advanced pathology. These findings 

have implications for curative endoscopic resection techniques particularly where 

early cancer is present. 

 

Key Words: Adenoma, Cancer, Colonoscopy, Endoscopy, Polyp 
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Introduction 

 

Colorectal cancer (CRC) is the third most common cancer worldwide and the burden 

of disease is projected to increase by 60% by 2030 (1-3). This underscores the 

importance of colonoscopy in the early detection of CRC and its prevention through 

the removal of pre-malignant polyps (4, 5). Large (≥ 20mm) non-pedunculated 

colorectal polyps (LNPCPs) are an important polyp subgroup as they are more likely 

to harbour cancer and therefore require a multi-disciplinary approach between organ-

sparing endoscopic resection techniques and surgery (6).  

 

The primary objectives of endoscopic resection are to achieve cure, minimise 

recurrence, ensure safety, avoid surgery and its attendant comorbidity and minimise 

unnecessary costs. Endoscopic Mucosal Resection (EMR) is the favoured technique 

in the colon due to its excellent performance characteristics. With site-specific 

technical modifications, EMR is also the favoured technique in parts of the colon that 

have traditionally been more challenging for resection such as the appendiceal orifice 

and the ileocecal valve (ICV) (7-9). However, a universal EMR approach may not be 

appropriate, specifically in the rectum. This is due to the ramifications of piecemeal 

resection of malignant LNPCPs and the associated morbidity, mortality and risk of 

permanent ostomy formation associated with distal colorectal surgery; which in turn 

has stimulated the development and application of en bloc resection techniques such 

as endoscopic submucosal dissection (ESD) and trans-anal endoscopic microsurgery 

(TEM).  

 

Little is known about the differences between rectal versus non-rectal LNPCPs. It is 

important to identify differences which may influence resection technique selection 

and thereby impact both clinical outcomes and resource utilization. This study 

quantifies the differences between rectal and colonic LNPCPs to better inform current 

practice. 
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Materials and Methods 

This manuscript has been prepared in accordance with the Strengthening the Reporting 

of Observational Studies in Epidemiology (STROBE) (10, 11). All authors had access 

to the study data and reviewed and approved the final manuscript. 

The Australian Colonic Endoscopic Resection Cohort 

The Australian Colonic Endoscopic Resection (ACE) cohort (clinicaltrials.gov 

identifiers: NCT01368289; NCT02000141) is a prospective, multi-center, 

observational cohort of consecutive patients referred for the management of LNPCPs 

≥ 20mm. Center-specific Institutional Review Board approval is maintained at each 

center. Written informed consent is obtained from each participant prior to enrolment.  

 

Between July 2008 to July 2021, consecutive participants were enrolled from three 

high volume ACE sites (Westmead Hospital, Princess Alexandra Hospital, 

Greenslopes Hospital) in Australia. All sites have an established tissue resection 

program which includes EMR and ESD. All endoscopic procedures were performed 

by one of five study investigators (accredited Gastroenterologist with advanced 

training and an established tertiary referral practice in colorectal endoscopic resection) 

or a senior interventional endoscopy fellow under their direct supervision. EMR was 

performed with a standardised technique which was modified over time as technical 

innovations emerged (12-17). 

 

Histopathology Evaluation 

After endoscopic resection, specimens were collected and processed for 

histopathology review, in accordance with the Australasian Gastrointestinal Pathology 

Society guidelines (18). Histopathology review was completed by expert 

gastrointestinal pathologists, at their respective site. Cancer was defined by neoplastic 

invasion into the submucosa (19).  

 

Data Extraction and Analysis 

Prospectively collected data included: 1) Patient characteristics: age, sex, American 

Society of Anesthesiologists (ASA) classification; 2) LNPCP characteristics: location, 
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size, Paris classification, surface granularity, Kudo pit pattern, Submucosal Invasive 

Cancer (SMIC); resection technique; 3) Histopathology evaluation. 

 

Statistical Analysis 

SPSS version 27.0 (IBM Corp, Armonk, NY, USA) was used for data analysis. The 

continuous variables age and lesion size were summarized as median [interquartile 

range (IQR)] following assessment of non-normality using Shapiro-Wilk’s test. 

Categorical variables were summarised as frequencies (%). Mann-Whitney tests were 

used to test for differences in continuous distributions between groups. Chi-squared 

tests (or exact permutation tests if required) were used to test for association between 

categorical variables. All variables associated with lesion location (rectal versus non-

rectal) at the p<0.1 level were considered as candidate variables for inclusion in 

multivariable models. Multiple logistic regression with backward stepwise variable 

selection was used to identify those candidate variables independently associated with 

lesion location. Odds ratios (OR) with 95% confidence intervals (CI) were used to 

quantify the strength of association. All analyses were exploratory and two-tailed tests 

with a 5% significance level were used throughout. 

 

Patient and Public Involvement 

Patients and the public were not involved in the design and execution of this study.  

 

Results 

 

Between July 2008 and July 2021, 3405 LNPCPs in 2984 patients were referred for 

endoscopic resection (Figure 1). Resection was not attempted in 101 LNPCPs (3%) 

due to a suspicion of cancer, 7 (<1%) due to appendiceal orifice involvement; 11 

(<1%) due to difficult access or position and 4 (<1%) due to ileocecal valve 

involvement. The majority of LNPCPs were removed by EMR (n=3258, 96%) of 

which 3118 (96%) had technical success, defined as complete excision of all visible 

adenomatous tissue.  

 

Figure 1: Flow diagram of consecutive patients referred with LNPCPs for tissue 

resection.  
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Demographic and LNPCP Characteristics 

The median age of the 2984 patients was 69 years (IQR 60-75mm) and 84% had an 

American Society of Anaesthesiologists score of 1 or 2. Overall, the median LNPCP 

size was 30mm (IQR 25-45mm). Most lesions were granular (1879, 55%) with 

tubulovillous histology being most common (1750, 51%). 

 

Rectal LNPCPs were larger (median size 40mm Vs 30mm, p<0.001) and more likely 

to be granular (79% Vs. 50%, p<0.001) with a nodular component (53% Vs. 17%, 

p<0.001) compared to colonic LNPCPs (Table 1). They were more likely to have 

tubulovillous histopathology (72% Vs. 47%, p<0.001) As expected, rectal sessile 

serrated LNPCPs were infrequent totalling 6 (1%) of all rectal LNPCPs. Cancer was 

more common in rectal LNPCPs compared to LNPCPs in the colon (15% Vs 6%, 

p<0.001). The adjusted odds ratios and 95%CIs for those variables independently 

associated with rectal versus non-rectal location in the best fitting multiple logistic 

regression model are tabulated (Table 2). In summary, rectal LNPCPs are significantly 

larger, granular, nodular or mixed nodular and more frequently have advanced 

endoscopic pit pattern. Most importantly, they more often contain cancer (adjusting 

OR 1.77, 95%CI 1.25 – 2.53). 
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Discussion 

 

The rectum and colon are in a digestive continuum and any contained pathology has 

been generally considered and managed uniformly. Accordingly, until very recent 

times all colorectal LNPCPs have been generally subjected to the same endoscopic 

treatment algorithm, regardless of location. The tendency for rectal LNPCPs to have 

more advanced characteristics has strong implications for therapeutic decision 

making. 

 

Previously, many endoscopists from non-specialist tissue resection centers have felt 

comfortable with resection of rectal LNPCPs. Options for resection include EMR, 

ESD, transanal minimally invasive surgery (TAMIS) or transanal endoscopic surgery 

(TES) although EMR is the most commonly employed technique (20-24). Endoscopic 

resection has been demonstrated to have the lowest lifetime cost relative to the other 

resection modalities for removal of rectal LNPCPs. (25) Non-specialised 

Endoscopists seem more willing to tackle a rectal LNPCP than a LNPCP at a site 

perceived as traditionally more challenging such as the ICV. The perceived safety of 

extraperitoneal rectum and the reduced risk of serious sequalae from perforation may 

embolden the decision making. This logic is flawed. The risk of cancer within a rectal 

LNPCP is greater and the consequences of failed endoscopic cure include 

consideration of the most hazardous and complicated forms of colorectal surgery 

including permanent ostomy formation (26). The rectum should be regarded as a 

complex high-risk site, not due to its technical limitations but due to its increased risk 

of cancer and the implications for incomplete resection. 

 

Our findings reflect significant differences of LNPCPs in the rectum compared to the 

remainder of the colon. Rectal LNPCPs are more likely to be larger and have villous 

or tubulovillous histology. Rectal LNPCPs are more likely to have a nodular 

component and contain High Grade Dysplasia (HGD) or cancer. These fundamental 

differences have strong implications for endoscopic management decisions (20). 

 

This study found that rectal LNPCPs are more likely to have a nodular component 

compared to LNPCPs in the colon. By their nature, LNPCPs with a nodule are more 

likely to contain SMIC (14, 27). Supporting this notion, a prospective multi-center 
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observational study that assessed optical evaluation to predict cancer in LNPCPs 

found independent predictors for missed SMIC were size ³40mm, nodular 

morphology and distal location (28). In a systematic review and meta-analysis, 

LNPCPs with SMIC were more commonly located in the distal colon compared to the 

proximal colon [Odds Ratio (OR) 2.5, 95% Confidence Interval (CI) 1.2-5.0] (29). 

Therefore, rectal LNPCPs with a nodular (Paris 0-Is) component or optical features 

concerning for SMIC require en bloc resection. 

 

It has previously been suggested that optical evaluation for SMIC in LNPCPs has 

limitations (30). This study (n=343) observed that during optical assessment of 

endoscopically unresectable LNPCPs (³T1 Stage CRC), specificity was good (94%) 

but sensitivity was lower (79%). More recently, the ACE consortium (n=1583) 

reported similar rates of specificity (95%) and sensitivity (67%) (28). However, they 

found significant differences when optical evaluation performance was stratified by 

morphology. There was a greater sensitivity (91% Vs 53%, p<0.027) and specificity 

(96% Vs 94%, p<0.027) when comparing flat to nodular LNPCPs. Optical evaluation 

performance is therefore dependent on LNPCP morphology. The inherent challenges 

of accurate optical assessment of bulky LNPCPs have previously been published (14). 

Nodular morphology and larger size were associated with SMIC (14). We have found 

that LNPCPs with these features are more common in the rectum. This knowledge is 

important when planning resection, in terms of allowing more time for assessment 

and is relevant for endoscopy list planning (31). 

 

Advanced histology is more common in rectal LNPCPs. Villous histology and HGD 

are independent risk factors for LNPCP recurrence (32-34). Regardless of whether 

rectal LNPCPs are resected en bloc or piecemeal, best practice endoscopic resection 

techniques such as margin ablation by Snare Tip Soft Coagulation (STSC) should be 

used to reduce recurrence risk (17, 35, 36). 

 

This study found that cancer was more common in rectal LNPCPs. The risk of local 

recurrence of early rectal cancer is higher than for early colon cancer when treated 

with endoscopic resection alone (37). EMR is the accepted first line technique for 

LNPCPs (20, 21) but this technique may not achieve cure for LNPCPs containing 
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SMIC. ESD offers inherent advantages over EMR including reliable en bloc resection 

which allows for improved histologic resection completeness and potential cure of 

LNPCPs containing SMIC (38). Previous studies have demonstrated that selective 

resection algorithms for LNPCPs should be applied given the significant costs and 

resource utilisation associated with ESD relative to EMR as well as the higher 

required skill level (39, 40). Specific rectal LNPCP resection algorithms are needed 

given the increased risk of SMIC containing LNPCPs.  

 

The ramifications for a sub-optimally managed rectal LNPCP could be considered 

greater in the rectum compared to the colon. Generally, surgery in the distal colon and 

rectum is associated with greater risk relative of morbidity compared to a right hemi-

colectomy (26, 41, 42). Patients with rectal lesions removed by a low or ultra-low 

anterior resection have an increased risk of incontinence (12%) (43), sexual 

dysfunction (20-46%) (44) and a 10-20% risk of permanent stoma (45, 46). Low 

anterior resection has a 30 day morbidity and mortality of 25% and 6% respectively 

(47). Our data suggests there should be a difference in the resection algorithm for 

rectal LNPCPs given their higher risk of SMIC, which may lead to reduced rates of 

incomplete resection, and thus a reduced need for surgery. Improved knowledge of 

predicting cancer and SMIC risk allows for a greater likelihood of successful 

resection on the first occasion leading to improved outcomes for patients as well as 

significant cost savings (39, 48-50). 

 

Interestingly, within the rectum, the Anorectal Junction (ARJ) is a unique 

environment in which the risk of SMIC is low. A recent prospective observational 

study found that cancer rate at the ARJ was low (3%, n= 100) (24).  Of note, there 

was no recurrence at Surveillance Colonoscopy 1 (SC1) for LNPCPs that were treated 

with STSC post resection (17, 24, 35). EMR can therefore be considered as a first line 

technique for the majority of ARJ-LNPCPs. 

 

A limitation of this study is that patients were not randomised and were from an 

expert group which may limit the generalizability of the results. However, to our 

knowledge, this is the only published dataset comparing LNPCPs in the rectum to the 

rest of colon.  
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In conclusion, amongst a large multi-center observational cohort, rectal LNPCPs were 

more likely to be larger, granular, nodular with a villous component; and more 

frequently contained HGD and cancer. This data adds critically important insights to 

inform endoscopic treatment selection and enhance clinical outcomes for rectal 

LNPCPs. Through scientific research, resection guidelines for LNPCPs of the colon 

have largely been established, EMR is justifiably the predominant strategy (51, 52). 

The rectum is a different organ and should be regarded as a specialised site due to its 

increased risk of SMIC as well as the potential for significant sequalae should the 

endoscopic treatment be incomplete. Our data indicate that given this complexity, 

rectal LNPCPs should be managed at specialised tissue resection sites. To achieve the 

best patient outcomes, the ability to undertake ESD would appear to be a necessary 

requirement for those endoscopists performing endoscopic resection in the rectum. 

ESD should be the favoured technique for rectal LNPCPs considered at any risk for 

harbouring SMIC. Further research is needed to develop rectum specific resection 

algorithms.  
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Table 1: Comparison of Rectal and Non-Rectal colonic LNPCPs. 

LNPCPs Rectum Colon (non-rectum) Total p 
 n=618 n=2787 n=3405  
Age, years, median (IQR) 67 (59-74) 69 (61-76) 67.0 (12.3) 0.001 
Sex, n (%)  

M (%) 
F (%) 

 
330 (53.4) 
288 (46.6) 

 
1332 (47.8) 
1455 (52.2) 

 
1662 (48.9) 
1743 (51.2) 

 
<0.011 

ASA, n (%) 
≤2 
>2 

 
551 (89.2) 
67 (10.8) 

 
2376 (85.3) 
411 (14.7) 

 
2927 (86) 
478 (14) 

 
0.923 

Lesion     
Median Size, mm (IQR) 40 (30-60) 30 (25-40) 30 (25-40) <0.001 
Paris, n (%)     

Is 98 (15.9) 307 (11) 405 (11.9)  
 

<0.001 
IIa 154 (24.9) 1729 (62) 1883 (55.3) 

IIa+Is 330 (53.4) 480 (17.2) 810 (23.8) 
Any ‘c’ component 26 (4.2) 130 (4.7) 156 (4.6) 

Other 10 (1.6) 141 (5.1) 151 (4.4) 
     
Morphology     

Granular, n (%) 488 (79.0) 1391 (49.9) 1879 (55.2)  
<0.001 Non-Granular, n (%) 72 (11.7) 759 (27.2) 831 (24.4) 

Mixed, n (%) 51 (8.3) 149 (5.3) 200 (5.9) 
Other, n (%) 7 (1.1) 488 (17.5) 495 (14.5)  

     
Kudo, n (%)     

III 87 (14.3) 701 (25.2) 788 (23.3)  
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IV 443 (71.7) 1289 (46.2) 1732 (50.9) <0.001 
V 72 (11.7) 172 (6.2) 244 (7.2) 

Other 16 (2.6) 625 (22.4) 641 (18.9) 
     
Previously attempted, n (%) 70 (11.3) 297 (10.7) 367 (10.8) 0.56 
Submucosal Fibrosis, n (%) 157 (25.4) 669 (24.0) 826 (24.2) 0.31 
     
Histopathology, n (%)     

Tubular adenoma 63 (10.2) 741 (26.6) 804 (23.6)  
<0.001 Tubulovillous adenoma 445 (72.0) 1305 (46.8) 1750 (51.4) 

Villous 17 (2.8) 17 (0.6) 34 (1.0) 
Sessile serrated lesion 6 (1.0) 636 (22.8) 642 (18.9) 

Other 87 (14.1) 88 (3.2) 175 (5.1)  
     
High-Grade dysplasia, n (%) 176 (28.4) 492 (17.7) 668 (19.6) <0.001 
Invasive Cancer, n (%) 93 (15.0) 172 (6.2) 265 (7.8) <0.001 
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Table 2: Multivariate analysis assessing variables independently associated with location, Rectum Vs Colon (excluding rectum). 

 

Variable adjusted OR 95% C.I.for OR p-value Lower Upper 
Size (per 10mm) 1.22 1.15 1.29 <0.001 
Paris 0-1s 1.88 1.40 2.52 <0.001 
Paris 0-IIa+Is 3.07 2.42 3.90 <0.001 
Granular 2.70 2.02 3.63 <0.001 
Mixed granular 2.01 1.30 3.11 0.002 
Kudo IV 1.67 1.28 2.18 <0.001 
Kudo V 3.31 2.16 5.08 <0.001 
Tubulovillous 
adenoma 1.35 1.07 1.71 0.011 

Villous adenoma 3.56 1.64 7.73 0.001 
Cancer 1.77 1.25 2.53 0.001 
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Chapter 6 - Endoscopic Full Thickness Resection is Curative for Small, High-risk 
Colorectal Lesions. 

 
Publication:  

Cronin O, Meys K, Hacking S, Alawad M, Yuen S, Cohen J, Gonda T, Bourke MJ, Haber 

GB. Endoscopic Full Thickness Resec=on is Cura=ve for Small, High-risk Colorectal Lesions. 

Endoscopy Internation Open [Under review]. 

 

In brief: 

- Endoscopic full thickness resection (EFTR) is a novel resection technique for the 

endoscopic resection of small, high risk colorectal lesions. 

- There is limited data only evaluating its safety and efficacy 

 

Contribution: 

- EFTR offers a viable alternative for the endoscopic resection of small, high-risk 

colorectal lesions. 
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Abstract 

Background and Aims 

Endoscopic submucosal dissection (ESD) is the primary resection technique recommended 

for high-risk colonic lesions to ensure an R0 resection. Endoscopic full-thickness resection 

(EFTR) offers a viable alternative. We aimed to evaluate outcomes of patients with lesions 

containing high-grade dysplasia (HGD) and invasive cancer, resected by EFTR.  

Patients and Methods 

Consecutive non-lifting lesions referred to a single tertiary center with suspected localised 

advanced pathology for consideration of EFTR were prospectively studied. Multiple data 

points were recorded including technical success, EFTR histopathological data, 

complications, and follow-up surveillance data.  

Results 

Over a 4-year period to July 2023, 39 lesions were considered eligible for EFTR as an 

alternative to EMR or ESD, of which 33 (85%) underwent EFTR. 

18/33 (55%) lesions contained cancer and 15/33 (45%) lesions contained HGD only. The 

median size of cancer was 7mm [Interquartile range (IQR) 4-10mm] contained within a 

median lesion size of 30mm (IQR 21-31mm). The median depth of invasion was 2550µm 

(IQR 1625-3075µm) and the deepest resected layer contained sub-serosal fat. Of the lesions 

containing cancer removed by FTR, 17/18 (94%) had an R0 resection. 

At 6-month (IQR 5-7 months) surveillance colonoscopy, there was 1/23 (4%) case with 

recurrence, successfully re-resected with FTR. Of the patients with cancer who were referred 

for surgical resection post-FTR, no (0/7, 0%) cases had residual cancer within the surgical 

specimen. 

Conclusions 

EFTR offers a viable, safe and effective alternative for ER of high-risk lesions. Resection 

options need to be individualised and clearly outlined to the patient.  
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Introduction 

The introduction of screening programs for colorectal cancer (CRC) has increased the 

detection of early CRC (T1 and T2). [1] Early CRCs generally pose a low-risk of lymphatic 

spread necessitating a delicate balance in management to ensure cancer cure while 

minimising treatment-related morbidity, mortality and costs. [2, 3] Pursuit of this balance, has 

led to a trend towards minimally invasive endoscopic treatments for early CRC, replacing 

conventional surgery in those cases considered low-risk of metastatic disease. [4, 5] 

The recommendation for lesions with a high suspicion of cancer, is en bloc ER (ER) for cure. 

The concern for cancer is based on prior biopsy with HGD, or topographic features with 

vascular and pit pattern changes suggestive of invasive cancer. Indeed, larger series of high-

risk lesions show upgrading of the pathology in 26%-36% of lesions. [6-8] 

Conventional endoscopic resection (ER) options include en bloc Endoscopic Mucosal 

Resection (EMR) and Endoscopic Submucosal Dissection (ESD) but both techniques have 

several downsides. [9, 10] EMR is less precise, and may struggle to achieve an R0 resection 

of the lateral and vertical margins, particularly in the setting of dense fibrosis which is often 

encountered in lesions with advanced histology or prior resection attempts . [11] ESD offers 

superior control of resection margins. However, it is technically challenging, resource 

intensive and has limited access, particularly in Western countries. [12-15] ESD may also 

struggle to achieve a curative vertical resection margin in the presence of deeper submucosal 

invasion.  

To overcome some of these barriers, an integrated endoscopic full-thickness resection device 

(FTRD; Ovesco Endoscopy, Tübingen, Germany) was developed for select gastrointestinal 

lesions. The FTRD single-clip closure and resection device permits full thickness resection 

(FTR) without exposing the peritoneum to luminal contents during resection. [16-18] A 

limitation of the FTRD is lesion size, restricted to the volume of tissue that can be pulled into 

the over-the-scope cap. Lesion size is one of the strongest predictors of advanced histology. 

[19] Fortunately, most cancer-containing lesions have a small focus of cancer centrally 

located within a larger pre-malignant lesion. An observational study (n=69) demonstrated the 
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efficacy of resection of larger cancer containing lesions by hybrid EMR/FTR (H-FTR) (mean 

lesion size 39.2mm, standard deviation 13.6mm). [20]  

Several large cohorts have reported FTR as a safe and effective technique, however long-term 

follow-up outcomes need to be evaluated. [21, 22] Moreover, the dimensions and depth of 

cancer in lesions considered potentially curable with ER are often overlooked when 

considering curative strategies. Most publications on ER of high-risk lesions >2cm, consider 

ESD as the preferred technique. [23, 24] This study aimed to assess the long-term outcomes 

of en bloc-FTR (E-FTR) and H-FTR for the resection of polyps with early colorectal cancer 

and high-grade dysplasia, as a viable alternative to ESD for curative resection. 

 
Methods 
 

The study was approved by the Institutional Review Board of New York University Langone 

Health. All authors had access to the study data and reviewed and approved the final 

manuscript. 

 

Between July 2019 and July 2023, eligible consecutive participants were enrolled at a single 

high-volume endoscopic tissue resection center in the United States of America. All patients 

had undergone a complete colonoscopy before inclusion by either a referring endoscopist or 

by one of our participating advanced endoscopists. Eligibility criteria included the suspected 

or confirmed presence of a localized (T1 or T2) colorectal cancer or HGD. Patients were 

excluded from endoscopic FTR and referred to a multidisciplinary team if there was evidence 

of metastatic disease.  

 

All endoscopic procedures were performed by one of four study investigators (accredited 

gastroenterologists with advanced training and an established tertiary referral practice in 

colorectal ER) or a senior interventional endoscopy fellow under the direct supervision of one 

of the investigators. Prior to resection, all lesions were re-assessed optically using high-

definition white light, narrow-band imaging (NBI), and near focus. The decision to resect the 

lesion by FTR was determined by the presence of either overt or a high-risk of covert cancer, 

determined by lesion size, site, morphology and Kudo pit pattern (Vi or Vn). [25]  
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Resection was performed for all lesions using the FTRD system (Ovesco, Tübingen, Germany) 

using a standardized E-FTR or H-FTR technique. [9, 20] For lesions ³20mm, the initial step 

was to remove the surrounding non-malignant LNPCP by conventional EMR. The remaining 

non lifting, central portion of the polyp was then removed using the FTRD.  

 

Indication for FTR included suspected T1 or T2 malignancy or high-grade dysplasia. Primary 

outcome measures were technical success and R0 resection rate. Technical success was defined 

as successful advancement of the FTRD to the lesion, entrapment of the lesion, successful clip 

deployment and snare resection, and en bloc resection without evidence of macroscopic 

residual pathology. [26] R0 resection was defined as a histologically complete resection (lateral 

and vertical margins clear of neoplastic tissue). For H-FTR, the lateral margin of the FTR 

specimen may have been contiguous with the EMR resection bed. The R0 resection definition 

for H-FTR was modified to reflect a vertical margin free of neoplasm and a lateral margin free 

of cancer.  

 

Secondary outcomes were adverse events, and subsequent need for surgery. Intraprocedural 

bleeding was defined as bleeding that required the use of coagulation forceps for hemostasis. 

For patients referred for surgery, surgical histopathological results were recorded. Recurrence 

was defined as neoplastic tissue seen optically or histologically at surveillance colonoscopy, 

performed 3-6 months after resection. All polypectomy scars were biopsied even in the absence 

of visible residual neoplasm, to ensure microscopic recurrence would not be overlooked. 

Patient and public involvement 
 
Neither patients nor the public were involved in the design or execution of this study.  

FTR procedure 
 
All procedures were performed by experienced endoscopists, who underwent training in the 

use of the device in a live animal model before patient use. Procedures were performed 

with monitored anesthesia care with propofol intravenous sedation. Patients were instructed 

to continue aspirin use during the periprocedural period; all other anticoagulants 

and antiplatelet medications were temporarily held, consistent with guideline 

recommendations. Carbon dioxide gas was used for insufflation. Bowel cleansing was 



 107 

achieved using a standard split-regimen bowel preparation. Standard colonoscopy was first 

performed with an adult colonoscope (CF-HQ190L/I; Olympus) with a distal cap attachment 

(D-201-14304; Olympus). 

All lesions were carefully examined using magnification endoscopy under white-light and 

narrow-band imaging to clearly delineate areas suspicious for invasive carcinoma. After 

lesion assessment, a decision was made regarding the suitability of the lesion for EMR, ESD, 

E-FTR (Figure 1), or H-FTR (Figure 2). H-FTR was indicated for lesions ³20mm, although 

the proceduralist had final decision on resection technique. For H-FTR, the periphery of the 

lesion was lifted using a standard injection solution of either normal saline solution or 

3% hydroxyethyl starch with 1 mg/L (1 part per million dilution) of epinephrine 

and methylene blue. Standard piecemeal EMR was performed around the periphery of the 

lesion (Figure 2, image E-G). Resection was continued until only the non-lifting portion of 

the lesion remained (Figure 2, image G). 

 

 
Figure 1. Endoscopic full thickness resection of a 20mm Paris 0-IIa+IIc ascending colon 

lesion. (A) A 20mm Paris 0-IIa+IIc ascending colon lesion assessed with white light 

endoscopy and (B) near focus, illustrating Kudo pit pattern Vi centrally. (C) Grasping forceps 

used to draw specimen into full thickness device. (D) Post-deployment with muscularis 

propria at periphery and serosa centrally. (E) Ex-vivo specimen with serosal view illustrating 

ink tattoo. (F) Pinned specimen with clear margins. 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/hydroxyethyl-starch
https://www.sciencedirect.com/topics/medicine-and-dentistry/methylthioninium-chloride
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Figure 2. Endoscopic hybrid full thickness resection of a 30mm Paris 0-IIa+IIc 

transverse colon lesion. (A) A 30mm Paris 0-IIa+IIc transverse colon lesion assessed with 

white light endoscopy, (B) narrow band imaging and (C-D) near focus, illustrating Kudo pit 

pattern Vi centrally. (E-G) Standard piecemeal EMR was performed around the periphery of 

the lesion. (G) Piecemeal resection was continued until only the non-lifting portion of the 

lesion remained. (H-I) Endoscopic full thickness resection. (J-K) Ex-vivo lesion 

demonstrating sub-serosal fat. (L) Surveillance colonoscopy demonstrating a scar at resection 

site without evidence of recurrence. 
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The FTR procedure has been described in detail elsewhere. [26] The periphery of the lesion 

was first marked using a cautery probe. A second colonoscope preloaded with the FTRD was 

then advanced to the lesion. Although a dummy sizing cap is available (prOVE Cap; 

Ovesco), it was not routinely used. If difficulty traversing loops of the colon was 

encountered, the following manoeuvres were attempted: changing patient position, 

manual abdominal pressure, water immersion, administration of glucagon, and use of an 18- 

to 20-mm controlled radial expansion balloon. 

 

A grasping forcep (Figure 1, image C) was used to grasp the lesion and gently pull it into the 

cap, with adjuvant use of suction where necessary. The FTRD clip was then deployed. This 

was immediately followed by snare closure by an assistant and electrosurgical excision of the 

entrapped tissue using pure cutting current. The endoscope with the tissue specimen was 

withdrawn, and the neoplastic tissue was pinned (Figure 1, image F), measured, and placed 

in formalin for histopathology. A standard adult colonoscope with a distal cap attachment 

was then reintroduced to assess the area of resection and to ensure secure clip placement and 

absence of bleeding. 

 

Patients were observed in the recovery unit for approximately 1 hour and if pain-free were 

discharged home the same day on a clear fluid diet for 24 hours. Antibiotics were not 

routinely administered unless the lesion involved the appendiceal orifice, in which 

case ciprofloxacin 400 mg intravenously was administered intra-procedurally and continued 

orally at 500 mg twice a day for 1 week for prophylaxis of appendicitis. 

 

Histopathology evaluation 
 

After ER, specimens were collected and processed for histopathological review. 

Histopathological review of all specimens was completed by 2 expert gastrointestinal 

pathologists. Cancer was defined by neoplastic invasion into the submucosa, measured in 

microns. [27]  

Data extraction and analysis 
 
Prospectively collected data included: (i) patient characteristics (age, sex, American Society of 

Anesthesiologists [ASA] classification); (ii) Lesion characteristics (location, size, Paris 

classification, surface granularity, Kudo pit pattern, resection technique); (iii) procedure time 

(iv) histopathological evaluation. 
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Statistical analysis 
 
SPSS version 29.0 (IBM Corp., Armonk, New York, USA) was used for data analysis. The 

continuous variables age and lesion size were summarized as median (interquartile range 

[IQR]) following assessment of non-normality using Shapiro–Wilk’s test. Categorical 

variables were summarized as frequencies (%). Mann–Whitney tests were used to test for 

differences in continuous distributions between the groups. Chi-squared tests (or exact 

permutation tests if required) were used to test for association between the categorical 

variables.  

 

Results 

Over 48 months until July 2023, 38 patients were referred for consideration of colonic FTR 

(Figure 3). The median age was 77 years (IQR 64 - 81 years) (Table 1). Median lesion size 

was 23mm (IQR 18-35mm). Most lesions (n=20, 61%) were removed by E-FTR, and the 

remainder (n=13, 39%) were removed by H-FTR (Figure 4). 18 (55%) lesions contained 

cancer and 15 (45%) contained HGD only.  
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Demographic and lesion characteristics 

Lesions removed by H-FTR were larger (40mm Vs 20mm, p<0.001) (Table 1). All other 

characteristics including lesion location and morphology were similar. Technical success was 

achieved in all (100%) cases, in both groups and there were no significant complications in 

either group. Procedure duration was longer in the H-FTR cohort (46mins Vs 20mins, 

p<0.001). The deepest layer resected was most commonly submucosa (12/33, 36%) or sub-

serosal fat (10/33, 30%) (Figure 5). There were no significant differences between the H-FTR 

and E-FTR groups in terms of high-grade dysplasia (54% Vs 40%, p=0.435) or cancer (46% 

vs 60%, p=0.435).  
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Figure 5. Histogram illustrating the deepest resection layer for lesions resected by 

endoscopic full thickness resection device. 

 

Cancer results for 18 lesions 

The median size of cancer was 7mm [Interquartile range (IQR) 4-10mm] contained within a 

median resected lesion size of 30mm (IQR 21-31mm). The median depth of invasion was 

2550µm (IQR 1625-3075µm) and the deepest resected layer resected by the FTRD contained 

sub-serosal fat.  

Lesions containing cancer resected by H-FTR were larger (40mm vs 20mm, p<0.001) and 

had a greater invasion depth (p<0.001), although the actual focus of cancer contained within 

the lesion remained small (median 5.3mm, IQR 4.3-7.5mm). R0 resection was achieved for 

most (n=5, 83%) lesions removed by H-FTR cases and for all (n=12, 100%) lesions removed 

by E-FTR. The only case with a positive vertical margin was resected to the sub-serosa 

(depth 4000µm) with lymphovascular invasion, perineural invasion, intermediate tumor 

budding and was poorly differentiated. 

En-bloc FTR follow-up data for cancers 



 113 

Eight (67%) and 4 (33%) patients with a resected cancer were referred for endoscopic 

surveillance and surgical resection respectively. 7/8 (88%) patients had completed a 

colonoscopy at 6 months (IQR 5-7 months) (Table 2). There were no (0%) patients with 

recurrence. Of the 4 patients with cancer removed by E-FTR referred for surgical resection, 

none (n=0, 0%) of the surgical specimens contained cancer (Table 3).  

Hybrid FTR follow-up data for cancers 

Two (33%) and 4 (67%) patients with a resected cancer were referred for endoscopic 

surveillance and surgical resection respectively. Of the patients referred or endoscopic 

surveillance, 1 patient had a lateral margin involved post H-FTR. A repeat FTR was 

performed, and subsequent surveillance colonoscopy was clear of recurrence. The second 

patient referred for endoscopic surveillance did not have recurrence. Of the 4 patients referred 

for consideration of surgical resection, 3 (75%) of whom did not have residual cancer at the 

resection site and 1 (25%) was found to have metastatic disease during surgical workup. 

FTR of lesions with high-grade dysplasia 

Of the 15 lesions containing HGD, 8 (53%) and 7 (47%) were removed by E-FTR and H-

FTR respectively. There were no cases of recurrence at 6-month surveillance colonoscopy 

(IQR 5-7 months). 

Discussion 

Lesions with advanced histopathology present a unique set of challenges. Firstly, they often 

contain dense fibrosis which can make interpretation of dissection planes and margins more 

challenging. [11] Due to the fibrosis, submucosal injection is less effective posing additional 

challenges to ER. Secondly, the ramifications of a non-curative ER are greater, typically 

committing the patient to a surgical resection which is associated with greater rates of 

morbidity and mortality. [28] The results from this study demonstrate that EFTR is effective, 

safe and offers durable treatment for lesions containing HGD or cancer. There were no 

significant complications in our cohort, but larger cohorts have reported a complication rate 

of 9-12%. [21, 22]. This difference may be due to our relatively small cohort at a single 

center, with the majority of FTR procedures performed by one experienced proceduralist 

(GH), differing from larger national registries. [21, 22] 
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ER should be the first-line approach for the resection for lesions with HGD or suspected 

cancer. Prior to the development of the FTRD, ESD was the favoured approach due to its 

high rate of R0 resection. [29] Less precise alternatives include en bloc EMR and underwater 

EMR for smaller lesions. [30-32] A disadvantage of ESD is the steep and prolonged learning 

curve required to achieve proficiency. Gaining and then maintaining proficiency in ESD, 

particularly in Western countries is challenging due to a combination of lack of lesion volume 

and complexity. [33] Even in experienced hands, ESD is time-consuming and resource 

intensive. [12, 34] The development of the FTRD has offered a viable ER alternative in select 

cases. Compared to ESD, FTR has a shorter learning curve. The FTRD does not require prior 

learning of third space endoscopy or dissection planes. [9] FTR also has a shorter procedural 

duration, reducing patient exposure to other intra-procedural related morbidity such as 

anesthetic risk. [35] The use of FTR does have some limitations with respect to the location 

where it can be used. Low rectal lesions are not amenable given the risk of the device causing 

tenesmus or involving tissues around the anal verge. Similarly, lesions close to the ileo-cecal 

valve cannot be treated as the device may occlude the valve.  

Removing some barriers of complex ER, such as those required to perform ESD, might result 

in FTR of lesions at lower-volume centers. Removal of any access barriers should be 

generally viewed as positive, although access should still be restricted to centers that can 

effectively manage any complications. In practice, most of these patients require 

multidisciplinary case discussions and are therefore referred to larger, higher volume centers 

with a streamlined multidisciplinary approach.  

 

FTR is effective and demonstrates similar rates of cure compared to ESD for small lesions. 

Our R0 resection rate was 94% (n=17) for lesions with cancers. This is slightly higher than 

the reported R0 resection rates of 83% (n=159/192) and 89% (n=186/221) reported in the 

German colonic FTRD registry and the Dutch colorectal eFTR registry respectively. [21, 22] 

A large single centre study (n=361) assessing ESD efficacy and safety reported an R0 

resection rate of 98.3% (355/361). [36] Our study also demonstrates that larger lesions can be 

effectively resected with H-FTR. While the median resected lesion size for H-FTR was 

40mm, the median cancer size within the lesion was 9.5 mm. H-FTR is effective and offers 

an acceptable alternative to ESD for larger lesions as the focus of advanced histopathology is 

central and can be delineated and pulled into the FTRD cap. In this study, there was 1 cancer 
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with vertical margin involvement post FTR. This was a deeply invasive cancer, with an 

invasion depth 4000µm and sub-serosal fat contained within the specimen. The decision to 

include this patient for FTR was made by an endoscopist with less experience in assessing 

suitability of advanced lesions for FTR. Regardless, ESD would not have provided a better 

outcome in this case. A second cancer was incompletely resected with horizontal margin 

involvement. This was recognised on histopathological review, and the lesion was effectively 

re-treated at follow-up colonoscopy with a repeat FTR.  

 

In this study, no cases that underwent surgical resection following FTR, contained cancer. 

One case had liver metastases. This is despite the presence of LVI, PNI and intermediate 

tumour found within some of the endoscopic specimens (Table 3). Positive predictors for 

curative CRC resection for ESD include a well differentiated lesion with the absence of LVI, 

low tumor budding score and submucosal invasion <1000μm (Sm1). [37] T1, SM1 CRCs 

resected by ESD which have met curative resection criteria have an estimated risk of lymph 

node metastasis of <2%. [37] Among the prognostic factors predictive of lymph node 

involvement, the depth of invasion has the least impact. More recent studies suggest that even 

with SM2 involvement, but with absence of other worrisome features, the risk of lymph node 

involvement remains acceptably low (<2%). Thus, FTR may be considered superior to ESD 

for curative resection given the deeper vertical resection margins achieved. The ability to 

achieve an R0 resection of an SM2 lesion with ESD would be more challenging. [38] 

Our patient population is becoming increasingly complex, often with advancing age and other 

co-morbidities. This highlights the importance of improving our understanding of risk factors 

for non-curative ER and when surgical referral may or may not be needed. The delicate 

balance of over and under-treatment needs to be better understood, to improve the precision 

of management plans. 

 

There are limitations to this study. Firstly, this is a small sample size. However, this is the 

largest study of cancers resected by FTR from a single centre. Secondly, given the small 

number of lesions, a multivariate analysis would not provide accurate or meaningful results. 

A direct comparison with ESD would strengthen the fundamental understanding of where the 

FTRD fits within the ER algorithm. 
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In conclusion, FTR provides an effective, viable alternative to ESD for resection of lesions 

containing HGD and cancer. FTR has less technical demands, offers resource and time 

efficiencies, and provides acceptable curative resection rates. FTR will not replace ESD 

which remains a fundamental resection tool, particularly for lesions with a larger focus of 

cancer. Instead, resection of advanced lesions is becoming more individualised and precise, 

accounting for lesion nuances and patient co-morbidities. Larger studies are needed to 

improve our understanding of the limitations of EFTR to better refine its place within any 

complex lesion ER algorithm. 
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Table 1. Patient characteristics with high-grade dysplasia and cancer resected by full-thickness resection 

    

 
En bloc (n=20) Hybrid  (n=13) p value 

Mean age, y (standard deviation) 77 (64-81) 77 (65-81) 0.143 

Male patients 14 (78) 4 (22) 
 

Lesion characteristics 
   

Lesion size mm (IQR)* 20 (15-25) 40 (30-50) <0.001 

Morphology 
   

   IIa 1 (5) 1 (8) 0.751 

   IIa+IIc 13 (65) 8 (62) 0.84 

   Is 4 (20) 1 (8) 0.335 

   IIa+Is 2 (10) 3 (23) 0.12 

Location 
   

   Rectum 1 (5) 3 (23) 0.12 

   Sigmoid 6 (30) 0 (0) 0.029 

   Descending Colon 1 (5) 1 (8) 0.751 

   Transverse Colon 3 (15) 2 (15) 0.976 

   Ascending Colon 4 (20) 5 (38) 0.245 

   Caecum 1 (5) 2 (15) 0.311 

   Ileocecal valve 1 (5) 0 (0) 0.413 
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   Appendiceal Orifice 3 (15)  0 (0) 0.143 

Technical Success 20 (100) 13 (100) 0.143 

Procedure duration mins (IQR) 20 (18-25) 46 (45-50) p<0.001 

Length of Stay, days (IQR) 1 (1-1) 1 (1-1) 
 

Histopathology 
   

   High-grade dysplasia 8 (40) 7 (54) 0.435 

   Cancer 12 (60) 6 (46) 0.435 

 

*Intra-procedural estimate by Endoscopist. 
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Table 2. Cancer Histopathology (n=18) 
   

 
En bloc (n=12) Hybrid (n=6) p value 

Size of specimen resected by FTR, 

mm (IQR) 30 (23-31) 26 (19-30) 0.171 

Size of cancer, mm (IQR) 9.5 (5-15) 5.3 (4.3-7.5) 0.171 

Depth of invasion, μm (IQR) 2000 (1150-2600) 3400 (3175-3750) <0.001 

Margin clear (R0) 12 (100) 5 (83) 0.034 

   Vertical margin, mm (IQR) 1.4 (0.7-2.3) 3.5 (1.5-5.5) 0.289 

   Horizontal margin, mm (IQR) 3 (2-4.3) 2.5 (0.5-3) 0.423 

Lymphovascular invasion 3 (25) 6 (100) 0.003 

Intermediate (5-9) tumour budding 1 (8) 1 (17) 0.596 

Perineural invasion 1 (8) 2 (33) 0.034 

Degree of differentiation 

   Well/moderate 
 

9 (75) 5 (83) 0.180 

   Poor 0 (0) 1 (17) 0.051 

Stage 
   

   T1NxMx 9 (75) 2 (33) 0.087 

   T2NxMx 3 (25) 4 (67) 0.087 

Referred for surgery 4 (33) 4* (67) 0.18 

   Cancer in surgical specimen 0/4 (0) 0/3 (0) 0.596 

Referred for endoscopic surveillance 8 (67) 2 (33) 0.49 
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   Recurrence at colonoscopy 0 (0) 1/2 (50) 0.035 

   Endoscopic surveillance not due 1 (13) 0 (0) 0.197 

*There were 3 surgical specimens. Case 4 was found to have metastatic disease during surgical work-up and did not undergo surgery.
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Table 3. Lesions with cancer referred for consideration of surgical resection post endoscopic full thickness resection. 

 
Histopathological data 

Tumour 

depth, 

µm  

Deepest layer 

resected 

Vertical 

margin, 

mm 

Horizontal 

margin, 

mm Outcome 

Patient 

1 

Poor differentiation, LVI+, 

Bd2, PNI+ 4000 Subserosal fat 0 0 Metastatic disease, no surgical resection 

Patient 

2 

Moderate differentiation, 

LVI+, Bd1, PNI+ 2600 Subserosal fat 2 3 Transverse colon resection, no cancer 

Patient 

3 

Moderate differentiation, 

LVI+, Bd2, PNI+ 3400 Subserosal fat 6 2 Extended right hemicolectomy, no cancer 

Patient 

4 

Moderate differentiation, 

LVI+, Bd1, PNI- 4500 Subserosal fat 6 8 Right hemicolectomy, no cancer 

Patient 

5 

Moderate differentiation, 

LVI+, Bd1, PNI- 500 Submucosa 3 0.5 Right hemicolectomy, no cancer 

Patient 

6 

Moderate differentiation, 

LVI+, Bd1, PNI- 1200 

Muscularis 

propria 0.9 0.9 Total colectomy, no cancer 

Patient 

7 

Moderate differentiation, 

LVI+, Bd1, PNI- 2000 Submucosa 0.7 5 Right hemicolectomy, no cancer 

Lesion 

8 

Well differentiated, LVI-, 

Bd1, PNI- 0 

Muscularis 

mucosa 1 3 Low anterior resection, no cancer 
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LVI, lymphovascular invasion; Bd1, tumour budding 1-4; Bd2, tumour budding 5-9; PNI, perineural invasion. 
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Chapter 7 - Follow-up of 35 appendiceal orifice neoplasms resected by endoscopic full 
thickness resection 

Publication:  

Cronin O, Meys K, Yuen S, Vij A, Gonda T, Goodman AJ, Bourke MJ, Haber GB. Follow-

up of 35 appendiceal orifice neoplasms resected by endoscopic full thickness resection. 

Gastrointestinal Endoscopy [Under review]. 

 

In brief: 

- Endoscopic resection of lesions at the appendiceal orifice offer a unique set of 

challenges.  

Contribution: 

- Endoscopic full thickness resection (EFTR) offers a viable alternative to conventional 

surgery for the en bloc resection of these lesions. 
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Abstract 

Background and Aims 

Endoscopic full-thickness resection (EFTR) is an established, safe technique for the resection 

of appendiceal orifice (AO) neoplasms. Post-EFTR appendicitis is a recognised adverse 

event. There are no systematic reviews and a paucity of literature which has assessed 

outcomes especially with respect to delayed appendicitis, mucocele, or fistula formation. We 

aimed to evaluate efficacy of EFTR for AO lesions. 

Patients and Methods 

Consecutive AO lesions referred for consideration of EFTR were prospectively studied. 

Multiple data points were recorded including technical success, EFTR histopathological data, 

adverse events, and follow-up surveillance data by colonoscopy. Surveillance CT was 

performed due to concern of potential mucocele from the obstructed remnant appendix.  

Results 

Over a 4-year period to July 2023, 37 AO lesions were referred to a tertiary center for 

consideration of EFTR. EFTR was attempted in 35 (95%) lesions. Most lesions were small 

[median size 10mm, interquartile range (IQR) 10-15mm], Paris 0-IIa morphology (n=32, 

91%) with serrated histopathology (n=17, 49%). R0 resection was achieved in all EFTR cases 

(n=30, 100%). Adverse events included appendicitis (n=4, 11%) and delayed bleeding (n=2, 

6%).  

At 6-month (IQR 4-6 months) surveillance colonoscopy, there was 1 (3%) case of residual 

lesion. This was successfully treated endoscopically, confirmed on a second surveillance 

colonoscopy. There was one case of appendicitis of the remnant at 7 months. At surveillance 

CT abdomen/pelvis (median 15 months, IQR 7-37 months), 2/17 (12%) fistulas were 

identified. Both patients had presumed adhesions due to abdominal surgery prior to EFTR.  

Conclusions 

EFTR is an effective technique for the curative resection of small, Paris 0-IIa (<20mm) AO 

lesions. Appendicitis is a relatively common adverse event but often managed conservatively. 
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The long-term significance post-EFTR fistulas remains unclear. Caution should be exercised 

when considering EFTR in a patient with prior regional surgery.  

 

Key Words: appendiceal orifice; full-thickness resection; endoscopy; adenoma; polyp. 

 

Introduction 

Endoscopic Resection (ER) of lesions involving the peri-appendiceal orifice (AO) presents a 

unique set of challenges, mostly related to site-specific anatomy. The appendix is a narrow, 

blind-ended tube. The lumen is too narrow to be accessed endoscopically. Additionally, the 

colonic wall in the cecum is thinnest compared to the rest of the colon. AO lesions may also 

represent a more aggressive polyp sub-variant compared to the rest of the colon. [1] For these 

reasons, AO lesions have traditionally been managed with surgical resection.  

Given the uncommon nature of AO lesions, technical data around the efficacy and safety of 

ER is limited. One large study from Japan (n=76) demonstrated successful endoscopic 

submucosal dissection (ESD) of AO lesions, although procedure time was long [mean 

91minutes, standard deviation (SD) 52 minutes] and only 40% of these lesions actually 

involved the AO. [2] Another large (n=38) multi-center study described the efficacy and 

safety of EMR for resection of AO lesions. [3] EMR was attempted for 27 lesions (71%) and 

was successful in most cases (n=25/27, 93%). However, 11 (29%) AO lesions were unable to 

be attempted due to deep extension into the appendiceal lumen or due to suspected 

submucosal invasive cancer (SMIC). [3]  

Given that extension of AO lesions into the narrow AO lumen appears common, an integrated 

Endoscopic full-thickness resection device (FTRD; Ovesco Endoscopy, Tübingen, Germany) 

was developed to overcome some of these barriers. The FTRD is a single-clip closure and 

resection device permits full thickness resection (FTR) without exposing the peritoneum to 

luminal contents during resection. [4-6] An accepted disadvantage of the FTRD is lesion size, 

limited to the volume of tissue that can be pulled into the over-the-scope cap. However, an 

observational study (n=69) has demonstrated efficacy of a hybrid EMR/FTR (H-FTR) 
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technique for resection of larger lesions (mean lesion size 39.2mm, standard deviation 

13.6mm). [7]  

Efficacy and safety of EFTR using the FTRD has been described in a large (n=66) 

retrospective, multicenter study. [8] Clinical success was achieved in most cases (n=53/66, 

80%) and R0 resection was achieved in 52/56 (93%) cases, with a recurrence rate of 5/60 

(12%). Recruitment at each center was low volume (18 centers over 45 months). Larger 

studies at higher volume centers, with long term follow-up data are needed to better evaluate 

efficacy and safety. No study to date has completed surveillance imaging in addition to a 

surveillance colonoscopy to assess for extra-luminal appendiceal stump recurrence or for 

mucocele presence. This study aimed to prospectively assess the efficacy of AO-EFTR at a 

high-volume single center. 

 

Methods 
 
The study was approved by the Institutional Review Board of New York University Langone 

Health. All authors had access to the study data and reviewed and approved the final 

manuscript. 

 

Between July 2019 and July 2023, eligible consecutive participants were enrolled at a single 

high-volume endoscopic tissue resection center in the United States of America. All patients 

had undergone a complete colonoscopy prior to inclusion by either a referring endoscopist or 

by one of our participating advanced endoscopists. Eligibility criteria included confirmed 

presence of an AO lesion. Patients were excluded from endoscopic FTR and referred to a 

multidisciplinary team if there was evidence of a deeply invasive cancer.  

 

All endoscopic procedures were performed by one of three study investigators (accredited 

gastroenterologists with advanced training and an established tertiary referral practice in 

colorectal endoscopic resection) or by a senior interventional endoscopy fellow under the direct 

supervision of one of the investigators. Prior to resection, all lesions were re-assessed optically 

using high-definition white light, narrow-band imaging (NBI), and near focus.  
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Resection was performed for all lesions using the FTRD system (Ovesco, Tübingen, Germany) 

using a standardized en bloc-FTR (E-FTR) or Hybrid EMR/FTR (H-FTR) technique. [7, 9] For 

lesions ³20mm, the initial step was to remove the surrounding peri-AO lesion by EMR. The 

remaining polyp at the AO was then removed using the FTRD.  

 

Indication for FTR was an AO lesion with a distal margin unable to be visualised with an adult 

colonoscope due to extension into the AO lumen. Primary outcome measures were technical 

success and R0 resection rate. Technical success was defined as successful advancement of the 

FTRD to the lesion, entrapment of the lesion, successful clip deployment and snare resection, 

and en bloc resection without evidence of macroscopic residual pathology. [10] R0 resection 

was defined as a histologically complete resection (lateral and vertical margins clear of 

neoplastic tissue). For H-FTR, the lateral margins of the FTR specimen may have been 

contiguous with the EMR resection bed. For H-FTR, the definition of R0 resection was 

modified to only a vertical margin free of neoplasm as the lateral margin is always positive in 

the hybrid technique.  

 

Secondary outcomes were adverse events including intraprocedural bleeding, post-operative 

pain, post-operative appendicitis, and delayed bleeding. Intraprocedural bleeding was defined 

as bleeding that required the use of coagulation forceps for hemostasis. Appendicitis diagnosis 

was made clinically and confirmed with imaging. A delayed bleed was recorded if the patient 

required re-admission within a 14-day period post EFTR with per-rectal bleeding. Recurrence 

was defined as neoplastic tissue seen optically or histologically at surveillance colonoscopy, 

performed 3-6 months after resection. All polypectomy scars were biopsied. Follow-up 

computed tomography abdomen/pelvis (CT A/P) with oral contrast was performed due to 

concern of potential mucocele from the obstructed remnant appendix. 

 
FTR procedure 
 
All procedures were performed by experienced endoscopists, who underwent training in the 

use of the device in a live animal model before patient use. Procedures were performed 

with monitored anesthesia care with propofol intravenous sedation. Patients were instructed 

to continue aspirin use during the periprocedural period; all other anticoagulants 

and antiplatelet medications were temporarily held, consistent with guideline 
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recommendations. Carbon dioxide gas was used for insufflation. Bowel cleansing was 

achieved using a standard split-regimen bowel preparation. Standard colonoscopy was first 

performed with an adult colonoscope (CF-HQ190L/I; Olympus) with a distal cap attachment 

(D-201-14304; Olympus). 

All lesions were carefully examined using magnification endoscopy under white-light and 

narrow-band imaging to exclude clear evidence of deeply invasive carcinoma. After lesion 

assessment, a decision was made regarding the suitability of the lesion for standard EMR, E-

FTR, or H-FTR. For H-FTR, the periphery of the lesion was lifted using a standard injection 

solution of either normal saline solution or 3% hydroxyethyl starch with 1 mg/L (1 part per 

million dilution) of epinephrine and methylene blue. Standard piecemeal EMR was 

performed around the periphery of the lesion. Resection was continued until only the non-

lifting portion of the lesion remained. 

 

The FTR procedure has been described in detail elsewhere. [10] Marking of the lesion margin 

was not necessary as the appendiceal location was always visible. A second colonoscope 

preloaded with the FTRD was then advanced to the lesion (Figure 1). Although a dummy 

sizing cap is available (prOVE Cap; Ovesco), it was not routinely used. If difficulty 

traversing loops of the colon was encountered, the following manoeuvres were attempted: 

changing patient position, manual abdominal pressure, water immersion, administration 

of glucagon, and use of an 18- to 20-mm controlled radial expansion balloon. 

 

 
Figure 1. Endoscopic full thickness resection of a 20mm Paris 0-IIa appendiceal orifice 

lesion. (A) A 20mm Paris 0-IIa appendiceal orifice lesion assessed with white light 

endoscopy and (B) near focus, illustrating Kudo pit pattern Vi centrally. (C) Advancement of 
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the colonoscope with the full thickness device. (D) Post-deployment with exposed serosa. (E) 

Pinned specimen viewed from serosal side. (F) Surveillance colonoscopy with biopsy-proven 

reactive hyperplastic tissue. 

 

A grasping forceps was used to grasp the lesion and gently pull it into the cap, with adjuvant 

use of suction where necessary. The FTRD clip was then deployed. This was immediately 

followed by snare closure by an assistant and electrosurgical excision of the entrapped tissue 

using pure cutting current. The endoscope with the tissue specimen was withdrawn, and the 

neoplastic tissue was pinned, measured, and placed in formalin for histopathology (Figure 1, 

image E). A standard adult colonoscope with a distal cap attachment was then reintroduced to 

assess the area of resection and to ensure secure clip placement. 

 

Patients were observed in the recovery unit for approximately 1 hour and if pain-free were 

discharged home the same day on a clear fluid diet for 24 hours. Ciprofloxacin 400 mg 

intravenously was administered intraprocedural and continued orally at 500 mg twice a day 

for 1 week for appendicitis prophylaxis. 

 

Histopathology evaluation 
 
After ER, specimens were collected and processed for histopathology review. Histopathology 

review was completed by 2 expert gastrointestinal pathologists. [11]  

Data extraction and analysis 
 
Prospectively collected data included: (i) patient characteristics (age, sex, American Society of 

Anesthesiologists [ASA] classification); (ii) LNPCP characteristics (location, size, Paris 

classification, surface granularity, Kudo pit pattern, SMIC and resection technique; procedure 

time (iv) histopathological evaluation. 

Statistical analysis 
 
SPSS version 29.0 (IBM Corp., Armonk, New York, USA) was used for data analysis. The 

continuous variables age and lesion size were summarized as median (interquartile range 

[IQR]) following assessment of non-normality using Shapiro–Wilk’s test. Categorical 

variables were summarized as frequencies (%). Mann–Whitney tests were used to test for 

differences in continuous distributions between the groups. Chi-squared tests (or exact 
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permutation tests if required) were used to test for association between the categorical 

variables.  

Patient and public involvement 
 
Neither patients nor the general public were involved in the design or execution of this study.  

 

Results 

Demographic and lesion characteristics 

Over 48 months to July 2023, 37 consecutive appendiceal orifice lesions were referred to a 

tertiary center for consideration of EFTR (Figure 2).  

 

2 (5%) lesions were unable to be accessed with the FTRD due to luminal stenosis of the 

sigmoid colon secondary to diverticulosis. EFTR was performed in 35 (95%) lesions of 

which 30 (86%) lesions were resected by E-FTR and 5 (14%) lesions were resected by H-

FTR (Table 1). Most lesions were small [median size 10mm, interquartile range (IQR) 10-

15mm], Paris 0-IIa morphology (n=32, 91%) and had serrated histopathology (n=17, 49%). 

R0 resection was achieved for all E-FTR cases (n=30, 100%). There was one 

adenocarcinoma, cured with an R0 resection. 

Adverse Events 
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There were 4 (11%) cases with early post-procedural appendicitis, all of whom presented 

within 7 days post FTR. 2 required appendectomy and 2 were managed conservatively. There 

was a fifth patient with appendicitis, who presented 7 months post-FTR. It is unclear if the 

appendicitis was influenced by the OVESCO clip which remained in situ, the occluded 

remnant post FTR or was unrelated to the previous FTR. 

2 (6%) patients presented with delayed bleeding, one of whom required a repeat colonoscopy 

and treatment of a bleeding vessel with haemostatic forceps. 

Follow-up 

At 6-month (IQR 4-6 months) surveillance colonoscopy, there was 1 (3%) lesion with 

residual lesion. The residual tissue was removed by EMR, but residual adenoma remained 4 

months later at the second surveillance colonoscopy. This was successfully removed by EMR 

with a plan of ongoing endoscopic surveillance.  

Surveillance CT A/P was completed in 17 (49%) cases (median time 15 months, IQR 7-37 

months). 2/17 (12%) patients were identified with fistulas at the site of previous AO FTR, 

both of whom had prior abdominal surgery potentially resulting in adhesions of the appendix 

and cecum. (Figures 3-4). The first patient presented with hematuria 1 month post FTR. An 

entero-colonic fistula was diagnosed. The patient had a remote history of treated bladder 

cancer with a cystectomy and neobladder reconstructive surgery with ileal pouch 10 years 

prior. The fistula was managed with an appendectomy and fistula closure. The second had 

previously had an uncomplicated appendectomy 5 years prior to FTR (Figure 3). A post-

appendectomy surgical clip was observed at the superior lip of the entero-colonic fistula on 

surveillance colonoscopy (Figure 3, image D-E). Given the patient was asymptomatic, the 

patient and clinician elected on conservative management. All other imaging for patients who 

underwent surveillance was unremarkable. 
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Figure 3. Entero-colonic fistula observed 6 months post endoscopic full thickness 

resection of a 20mm Paris0-IIa lesion at the appendiceal orifice. (A) View from the cecum 

with ileocecal valve located at 11 o’clock position. (B) Fistula at site of previous EFTR. (C-

E) Appendectomy related surgical clip at superior margin of fistula. (F) View from within the 

fistula. 

 

 

Figure 4A. Coronal CT Contrast Enhanced image of the abdomen: Yellow arrow denotes the 

ileo-cecal valve. Green Arrow denotes the terminal ileum. Blue arrow denotes the cecum. 

Figure 4B. Yellow arrow annotates a surgical clip from a prior appendectomy. Green arrow 

annotates a fistula between the cecum and distal ileum, with fecalized cecal contents 

protruding through the defect into the distal ileum.  
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Discussion 

ER of colorectal lesions has become the standard of care for most lesions. Historically there 

were several rare exceptions including AO lesions with deep extension, which was beyond 

the capability of endoscopic assessment and resection. The advent of the FTRD has made it 

possible for the complete resection of what was once an endoscopically unresectable lesion. 

To our knowledge, this is the largest single center study to evaluate the efficacy and safety of 

EFTR of AO lesions. We have demonstrated both safety and efficacy of this procedure. Post-

procedural appendicitis is relatively common, but half of these cases were managed 

conservatively. This is also the only study to our knowledge which has systematically 

completed follow-up imaging, as a routine standard of care to exclude extraluminal 

complications.  

EFTR is not the only option for ER of AO lesions. EMR is an effective, safe alternative to 

EFTR for AO lesions if the distal margins can be visualised. A large (n=38), multicenter 

observational study demonstrated EMR as a safe and effective technique. [3] There were no 

cases with post-procedural appendicitis or perforation. There were 5/22 (23%) cases with 

minor recurrence at the first surveillance colonoscopy and 3/5 (60%) were endoscopically 

treated. A major disadvantage of EMR is that it requires visualisation of the entire lesion. 

Underwater EMR (U-EMR) has also been described with the aim of floating the lesion into 

the lumen or gently teasing out the orifice with forceps to improve views. [12] There were 27 

lesions (median size 15mm) included in the study of which 5 (19%) were on the AO rim and 

22 (81%) extended into the AO. Successful U-EMR was achieved in 24 (89%) lesions and 

there were 2 (10%) lesions with residual adenoma at follow-up. [12] ESD is more time-

consuming compared to EMR or EFTR without perceivable benefit for AO lesions, 

particularly for those lesions which are benign. A superior alternative to ESD for AO lesions 

is either EFTR or a surgical approach, if conventional EMR is not possible due to deep AO 

extension.  

 

Parallel to advances in ER, there have been great innovations to laparoscopic surgical 

techniques for the partial removal of the cecum, with preservation of the ileocecal valve. [13] 

Other techniques such as a transcolonic endoscopic appendectomy may also be viable, 

although to date case numbers are small. [14] Given the simplicity and improved risk profile 
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of an appendectomy, an individualised decision approach should be undertaken, explaining 

the benefits and disadvantages of both surgery and EFTR. In our experience most patients 

prefer endoscopic removal even when quoted a risk of 15%. Surveillance is mandatory for all 

polyp patients whether resected surgically or endoscopically.  

 

Appendicitis is a known complication of EFTR. In our cohort, 4/35 (11%) patients developed 

appendicitis. This is similar to that reported in the literature. A multicenter retrospective study 

reported 7/50 (14%) patients developed appendicitis, of whom 4/7 (57%) were managed 

conservatively. [15] Specific risk factors to predict patients at greater risk of developing 

appendicitis in the setting of EFTR have not been established. Endoscopists must make 

patients aware of this relatively common complication to facilitate early recognition and 

prompt treatment. 

Fistula formation post EFTR is uncommon and has been limited to several case reports. [16, 

17] To our knowledge, this is the first study to incorporate routine imaging as a standard of 

care, in addition to a surveillance colonoscopy, to identify extraluminal complications at the 

appendiceal stump. Importantly, results from this study may underestimate the true rate of 

fistula formation given that 18/35 (51%) of patients did not complete a follow-up CT. Both of 

our patients who developed fistulas had undergone prior abdominal surgery. It seems 

plausible that due to adhesive fibrosis of that area, previously discrete structures could 

become fused together and then be inadvertently pulled into the FTRD. Previous surgery may 

also result in low level chronic inflammation.  

Surveillance data from this study demonstrates no cases of recurrence for lesions removed by 

E-FTR. There was one (1/5, 20%) case of recurrence for lesions removed by H-FTR. A 

hybrid technique has previously been shown as effective for resection of larger lesions. [7] 

The higher recurrence rate for H-FTR technique in this study is important to recognise. 

However further interpretation may be less meaningful given the small case number (n=5).  

 

There are several limitations to this study. Firstly, this is a small sample size, but the largest 

study of AO lesions resected by FTR from a single center. Secondly, given the small patient 

numbers, it is not possible to identify potential risk factors for individual complications with 
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a multivariate analysis. Thirdly, a direct comparison with prospective appendectomy data for 

AO polyps was not possible at this center. Direct comparison would strengthen the 

fundamental understanding of where the FTRD fits within the AO lesion decision making 

pathway to better inform clinicians and patients. Also, a classification system of the degree of 

circumferential lesion involvement of the AO could have strengthened the findings. Finally, 

total procedure time was not recorded for all cases and would have provided another valuable 

comparator to ESD. 

 

In conclusion, EFTR is an effective technique for the curative resection of select, small Paris 

0-IIa (<20mm) AO lesions. Alternatives include EMR if the distal aspect of the lesion can be 

visualised. Appendectomy is also a reasonable approach, especially for lesions at high risk of 

malignancy. Clinicians should exert caution when performing EFTR for patients with risk of 

adhesions to the appendix or cecum. The moderate risk of appendicitis should be discussed 

with the patient prior to resection to facilitate prompt recognition and management.  
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Table 1. Patient characteristics for full thickness resections of the appendiceal orifice 

(n=35) 

Mean age, years (IQR) 65 (59-74) 

Male patients 16 (46) 

American Society of Anesthesiologists (ASA) 

classification 
 

   ASA 1 8 (23) 

   ASA 2 17 (49) 

   ASA 3 10 (29) 

Lesion size, millimeters (IQR) 10 (10-15) 

Morphology 
 

   Paris 0-IIa 32 (91) 

   Paris 0-Is 3 (9) 

Resection technique 
 

   En bloc 30 (86) 

   Hybrid 5 (14) 

Technical Success 35 (100) 

Length of Stay, days 1 (1-1) 

Histopathology 
 

   Sessile serrated lesion 17 (49) 

   Tubular 9 (26) 

   Tubulovillous 6 (17) 

   Cancer 1 (3) 

   Other histology 2 (6) 

R0 resection* 30 (100) 

Complications 
 

   Appendicitis 4 (11) 

   Delayed bleed 2 (6) 

Surveillance 
 

Referred for surveillance colonoscopy (SC1) 33 (94) 
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   Timing of SC1, months (IQR) 6 (4-6) 

   Residual lesion** 1 (3) 

Completed surveillance imaging 17 (49) 

   Timing of imaging, months (IQR) 15 (7-37) 

   Abnormal imaging 2/17 (12) 

 

*Includes all lesions removed by E-FTR. 

** Recurrence rate 1/5 (20%) for hybrid technique and 0/30 (0%) for en bloc technique. 
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Chapter 8 - Endoscopic resection of large anastomotic polyps is safe and effective 

 

Publication:  

Cronin O, Gupta S, Gauci J, Whitfield A, O’Sullivan T, Abuarisha M, Wang H, Lee EY, 

Williams SJ, Burgess NG, Bourke MJ. Endoscopic resection of large anastomotic polyps is 

safe and effective. Endoscopy 2024 Feb;56(2):125-130. 

In brief: 

- Large adenomatous anastomotic polyps (LAAPs) are uncommon. 

- Endoscopic resection can be challenging, mainly due to dense fibrosis. 

- These challenges can be overcome with specific modification such as cold-biopsy 

forceps avulsion with adjuvant snare tip soft coagulation (CAST). 

Contribution:  

- LAAPs can be effectively and safely resected endoscopically, without the need for 

surgery. 
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Abstract 

Background 

Large (³20 mm) adenomatous anastomotic polyps (LAAPs) are uncommon. Data pertaining 

to their prevalence, characteristics, and the efficacy of endoscopic resection (ER) are absent. A 

safe and effective strategy for ER would reduce morbidity and healthcare costs. 

Methods 

Large nonpedunculated colorectal polyps of ³20 mm (LNPCPs) referred for ER were 

prospectively studied. Multiple data points were recorded including anastomotic location, 

polyp morphology, resection modality, complications, and technical success. 

Results 

Over 7 years until November 2022, 2629 lesions were referred. Of these, 10 (0.4%) were 

LAAPs (median size 35 mm [interquartile range (IQR) 30–40 mm]). All LAAPs were removed 

by piecemeal endoscopic mucosal resection (EMR), most (n = 9; 90%) in combination with 

cold-forceps avulsion with adjuvant snare-tip soft coagulation (CAST). On comparison of the 

LAAP group with the conventional LNPCP group, CAST was more commonly used (90% vs. 

9%; P < 0.001) and deep mural injury (DMI) type II was more frequent (40% vs. 11%, 

P = 0.003); however, significant DMI (III–V) did not occur. At 6-month (IQR 5.25–6 months) 

surveillance, there was no recurrence in any of the 10 cases. There were no serious adverse 

events. 
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Conclusions 

LAAPs present unique challenges owing to their location overlying an anastomosis. Despite 

these challenges they can be safely and effectively managed endoscopically without recurrence 

at endoscopic follow-up. 

 

Introduction 

 

Colorectal cancer (CRC) is the third most common cancer worldwide and the burden of disease 

is projected to increase by 60% by 2030 [1–3]. Most CRCs develop from premalignant polyps. 

Most non-metastatic CRCs are treated by surgical excision. Postoperatively, regular 

surveillance colonoscopies are recommended to ensure that recurrence or synchronous lesions 

are detected and treated early [4]. 

 

Although uncommon, it is not surprising that there is a potential for large (³20 mm) 

adenomatous anastomotic polyps (LAAPs) to develop at the site of a colonic anastomosis. 

These may be due to de novo polyp formation, recurrence related to inadequate margins at the 

initial resection, or a discrete polyp that was present but not identified at the time of surgery. 

LAAP removal is more likely to be challenging owing to the altered luminal anatomy and the 

underlying postsurgical fibrosis. It is probable that many such patients are managed by further 

surgery. Data are therefore limited and evidence for the efficacy of endoscopic resection (ER) 

is absent. An effective and safe strategy for the ER of LAAPs is required. The burden of CRC 

is expected to increase and further data on management of LAAPs would be valuable. We 

therefore evaluated our experience with LAAPs. 

 

Methods 

This manuscript has been prepared in accordance with the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) statement [5,6]. All authors had access to 

the study data and reviewed and approved the final manuscript. 

 

Between November 2015 and July 2022, eligible participants were enrolled at a single high 

volume endoscopic tissue resection center in Australia. Eligibility criteria included the 



 148 

presence of a LAAP in the context of previous colorectal surgery. All endoscopic procedures 

were performed by one of four study investigators (accredited gastroenterologists with 

advanced training and an established tertiary referral practice in colorectal ER) or a senior 

interventional endoscopy fellow under the direct supervision of one of the investigators.  

 

Resection was performed with a standardized technique [7–12]. The lesion was assessed 

optically using high-definition white light, narrow-band imaging (NBI), and near focus. 

Submucosal injection (indigo carmine and Gelofusine) was used before endoscopic mucosal 

resection (EMR) with a hot snare. The size of the snare was decided by the endoscopist at the 

time of the resection. Any poorly lifting areas were removed with cold-forceps avulsion with 

adjuvant snare-tip soft coagulation (CAST). Intraprocedural bleeding was defined as bleeding 

that required the use of coagulation forceps for hemostasis.  

 

Recurrence post-anastomotic polypectomy was defined as neoplastic tissue seen optically or 

histologically at surveillance colonoscopy, performed 6 months after resection. All 

polypectomy scars were biopsied. 

 

Histopathology evaluation 

After ER, specimens were collected and processed for histopathology review, in accordance 

with the Australasian Gastrointestinal Pathology Society guidelines [13]. Histopathology 

review was completed by expert gastrointestinal pathologists. Cancer was defined by 

neoplastic invasion into the submucosa [14].  

 

Data extraction and analysis 

Prospectively collected data included: (i) patient characteristics (age, sex, American Society of 

Anesthesiologists [ASA] classification); (ii) LNPCP characteristics (location, size, Paris 

classification, surface granularity, Kudo pit pattern, submucosal invasive cancer [SMIC]) and 

resection technique; (iv) histopathologic evaluation. 

 

Statistical analysis 
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SPSS version 27.0 (IBM Corp., Armonk, New York, USA) was used for data analysis. The 

continuous variables age and lesion size were summarized as median (interquartile range 

[IQR]) following assessment of non-normality using Shapiro–Wilk’s test. Categorical 

variables were summarized as frequencies (%). Mann–Whitney tests were used to test for 

differences in continuous distributions between the groups. Chi-squared tests (or exact 

permutation tests if required) were used to test for association between the categorical 

variables.  

 

Patient and public involvement 

Neither patients nor the general public were involved in the design or execution of this study.  

 

Results 

 

Over 84 months until November 2022, 2629 LNPCPs in 2350 patients were referred for ER. 

Of these, 10 lesions (0.4%) were classified as LAAPs.  

Demographic and lesion characteristics 

The median patient age was 75 years (IQR 70–80 years). Median lesion size was 35 mm (IQR 

30–40 mm). The majority of lesions were granular (n = 6; 60%), Paris 0-IIa (n = 5; 50%), and 

had tubulovillous histology (n = 6; 60%) (Table 1).  

Most anastomoses were colo–colonic (n = 6; 60%) and most LAAPs (n = 9; 90%) were 

removed by piecemeal EMR in combination with CAST (Table 2; Figs. 1–3). On comparison 

of the LAAP group with the conventional LNPCP group, CAST was more commonly used 

(90% vs. 9%; P < 0.001) and deep mural injury (DMI) type II was more frequent (40% vs. 

11%; P = 0.003); however, significant DMI (III–V) did not occur. Clip closure was performed 

in 70% of LAAP cases. Technical success was 100% and at 6-month surveillance (IQR 5.25–

6 months), there was no recurrence in any of the 10 cases. There were no serious adverse 

events, and no perforation or bleeding in the LAAP group. There was also no recurrence 

identified at second surveillance colonoscopy, which was completed in nine patients (90%) at 

19 months (IQR 15–22.5 months) after the initial resection. One patient (10%) did not have a 

second surveillance colonoscopy owing to their frailty. 
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Discussion 

LAAPs present unique challenges for ER for several reasons. Many anastomoses have 

inflammatory change, which can create difficulty for lesion and margin recognition. Because 

of the adherence of the mucosal layer to the scarred and potentially chronically ischemic 

anastomosis, the risk of DMI or incomplete snare resection is enhanced, which increases the 

need for adjuvant therapy and for clip closure of DMI type II [15]. Another challenge is the 

presence of surgical clips, which can impede assessment and resection. Finally, the scarred 

ridge line (Fig. 1d) of the anastomosis with depressed contours on either side can compromise 

the efficacy of conventional submucosal injection and resection techniques. 

 

There are no published data on the efficacy or safety of ER for LAAPs. We have proposed 

techniques that can definitively treat LAAPs effectively and safely. Technical success was 

achieved in all cases without adverse events. At first surveillance colonoscopy at 6 months, 

there were no recurrences. 

 

Most LAAPs (7/10; 70%) in this series occurred ³5 years after initial surgical resection. These 

lesions were likely de novo lesions, given the duration from surgery [16]. Three LAAPs 

occurred within 5 years of surgery. Most likely these were due to a separate polyp not seen at 

the time of surgery that became involved in the anastomosis. 

 

All LAAPs in this series were resected piecemeal after thorough optical assessment with white 

light and NBI, which should be used to guide the resection technique [17]. En bloc resection 

either by EMR or preferably endoscopic submucosal dissection (ESD) is important if there are 

morphological features consistent with SMIC. In this case series, all polyps were optically 

assessed as being benign. For scarred non-lifting lesions, some endoscopists may advocate 

using ESD or endoscopic full-thickness resection (EFTR). Such methods are resource intensive 

and potentially more hazardous [18]. Our data demonstrate that piecemeal EMR can effectively 

and safely remove LAAPs without the need for more complex resection techniques.  

 

CAST (Fig. 2a) is a well validated, safe, and effective technique for the treatment of scarred 

non-lifting lesions [19]. Meticulous, precise, and methodical use of the biopsy forceps is 
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essential to ensure no adenomatous tissue remains. Controlled, purposeful closure of the biopsy 

forceps by an experienced assistant is equally important to prevent imprecision or slippage of 

the biopsy forceps. Adjuvant snare-tip soft coagulation of the avulsion bed and surrounding 

areas ensures thermal destruction of any remaining neoplastic cells [19,20]. 

 

Effective treatment of adenomatous tissue at an anastomosis is important for several reasons. 

Because of the fibrosis typically encountered at an anastomosis, resection is more challenging 

and time-consuming. Resection in this setting may also theoretically carry enhanced risks of 

bleeding and perforation owing to neovascularization and fibrosis. For these reasons it is 

essential that techniques are evoked to achieve complete resection at the first resection attempt.  

 

There are limitations to this study. First, this is a small case series. It is however the only 

published case series. The data were derived prospectively from a high-volume tissue resection 

center. Larger case series or trials would be difficult owing to the infrequency of anastomotic 

polyps. This analysis provides meaningful outcome data for this clinically important problem.  

 

In conclusion, this case series is the only published dataset that addresses the uncommon but 

clinically important question of how to effectively treat a LAAP. We have demonstrated that 

ER of LAAPs is effective and safe, without a high risk of bleeding or perforation. We have 

shown that the non-lifting areas at an anastomosis can be effectively treated with CAST. 

Significant DMI did not occur and none of the cases showed recurrence at 6-month endoscopic 

surveillance. Larger datasets are required to address any nuances that may be associated with 

the anastomotic location or histology of LAAPs. 
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Fig. 1 Endoscopic views of the resection of a 30-mm Paris 0-IIa large anastomotic polyp 

showing: a  a lesion at the anastomosis under white light with near focus; b  narrow-band 

imaging; c  central non-lifting after submucosal injection with indigo carmine and 

Gelofusine; d–f  sequential snare resection of areas with adequate submucosal lifting with 

interrogation of the defect for deep mural injury with topical chromoendoscopy after each 

snare resection. 

 

Fig. 2 Endoscopic views of the resection of a 30-mm Paris 0-IIa large anastomotic polyp 

showing: a–d  cold-forceps avulsion with adjuvant snare-tip soft coagulation (CAST) 
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applied to the central non-lifting segment that was resistant to snare capture; e,f  through-

the-scope clips applied to close a deep mural injury type II. 

 

Fig. 3 Endoscopic views of the resection of a 40-mm Paris 0-IIa large anastomotic polyp 

showing: a  the lesion at the anastomosis; b  central non-lifting after submucosal injection 

with indigo carmine and Gelofusine; c  sequential snare resection of areas with adequate 

submucosal lifting; d  cold-forceps avulsion with adjuvant snare-tip soft coagulation 

(CAST) applied to the central non-lifting segment that was resistant to snare capture, with 

thermal ablation to the defect margin by snare-tip soft coagulation; e  through-the-scope 

clips applied to close a deep mural injury type II; f  a bland scar seen on narrow-band 

imaging at 6-month surveillance. 
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Table 1 Characteristics of the 10 included patients and their large anastomotic polyps. 
Patien

t 

Age, 

years/ 

sex 

Time 

interv

al, 

years* 

Surgical histology Anastomot

ic polyp 

size, mm 

Paris 

type 

Morpholo

gy 

Histology 

1 70/ 

Male 

32 Adenocarcinoma 30 0-IIa Granular Tubular 

2 52/ 

Femal

e 

15 Tubulovillous 

adenoma 

35 0-IIb Non-

granular 

Tubular 

3 86/ 

Male 

12 Adenocarcinoma 30 0-IIb Non-

granular 

Tubulovillo

us 

4 71/ 

Male 

34 Familial 

adenomatous 

polyposis 

35 0-IIb Granular Tubulovillo

us 

5 78/ 

Femal

e 

10 Adenocarcinoma 20 0-IIa Granular Tubulovillo

us 

6 84/ 

Male 

5 Adenocarcinoma 40 0-IIa Non-

granular 

Tubulovillo

us 

7 65/ 

Male 

1 Adenocarcinoma 12 0-IIc Granular Tubulovillo

us 

8 76/ 

Male 

29 Adenocarcinoma 40 0-IIa Granular Tubular 

9 73/ 

Male 

1 Tubulovillous 

adenoma 

80 0-

IIa+Is 

Granular Tubular 

10 81/ 

Male 

3 Adenocarcinoma 25 0-IIa Non-

granular 

Tubulovillo

us 

* Time in years from initial surgical resection to diagnosis of anastomotic polyp. 
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Table 2 Procedure and follow-up details for the 10 large anastomotic polyps that were 
resected endoscopically. 
Patient pEMR CAST Intraprocedural 

bleeding 

DMI Clipped Surveillance 

colonoscopy, 

months post-

resection 

Recurrence 

at 

surveillance 

1 Yes Yes No No Yes 6 No 

2 Yes Yes No No Yes 6 No 

3 Yes Yes No II Yes 6 No 

4 Yes Yes No No Yes 4 No 

5 Yes No No No No 6 No 

6 Yes Yes Yes II Yes 6 No 

7 Yes Yes Yes No No 6 No 

8 Yes Yes No II Yes 7 No 

9 Yes Yes No II Yes 5 No 

10 Yes Yes No No No 6 No 

pEMR, piecemeal endoscopy mucosal resection; CAST, cold-forceps avulsion with snare-tip 

soft coagulation; DMI, deep mural injury. 
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Chapter 9 - Integrated Discussion 
 
 
There have been great advances in ER over the past decade. When compared to surgery, ER 

is organ-sparing and therefore minimally invasive, cost-effective and associated with less 

morbidity. [1] An ER algorithm should be used to decide upon the most appropriate resection 

technique, accounting for lesion size, site, morphology, and predicted histology. [2, 3]  

For LNPCPs, ER resection options include conventional EMR, C-EMR and ESD. Full-

thickness resection remains an option for select lesions and is mainly limited to lesions 

<20mm. 

 

Cold-EMR in the Endoscopic Resection Algorithm 

In recent years, there has been a paradigm shift toward C-EMR. Compared to HSP, C-EMR 

has a superior safety profile. C-EMR however, has the major limitation of a higher recurrence 

rate as outlined in Chapter 3. Recurrence rates were 18% vs 1% for C-EMR and EMR 

respectively. As expected, there was a lower rate of delayed bleeding in the C-EMR group 

compared to the EMR group (8% vs 1%). All other outcomes were similar. 

 

Chapter 4 explained through mathematical modelling, the greater recurrence rate observed 

with C-EMR. The technique relies on meticulous resection technique. Without sufficient 

snare overlap during sequential snare resections, each snare resection is an opportunity for 

incomplete resection. Polyp area increases quadratically with every incremental increase in 

polyp radius. It is therefore appreciable that larger polyps require many more sequential snare 

resections and thus create more opportunities to inadvertently leave behind polyp. We 

demonstrated that as lesion size increases, recurrence rates disproportionately increase and 

become potentially unacceptably high. For example, a recurrence rate >40% for 40mm 

lesions.  

 

Recurrence is burdensome for several reasons. The fibrosis encountered at sites of previous 

ER, increases the complexity of any resection. This increases the risk of complications and 
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resultant morbidity. Due to this added complexity, procedure time is often prolonged, which 

increases healthcare-related costs. 

 

Polypectomy is becoming more nuanced and bespoke. Important patient factors such as 

frailty and co-morbidities feed into the interplay between safety and recurrence risk. For 

example, the risk of a delayed post-EMR bleed for LNPCP in the right colon, in the absence 

of clip closure is 10-12%. Additionally, many of these large defects defy current closure 

techniques. Conversely, the risk of a delayed bleed with p-CSP is negligible but the 

recurrence risk is greater. The weighting placed on delayed bleeding and recurrence risk 

differs in different patient groups. This fundamental understanding is particularly important 

to any endoscopist performing C-EMR. 

 

 

Unique Environments in the Colo-rectum Should Influence Resection Technique 

The rectum 

Not all lesions should be removed by EMR. Lesions at high risk of containing SMIC should 

be removed en bloc to allow for accurate histological assessment. Chapter 5 compared lesions 

in the rectum to lesions in the remainder of the colon. 3405 LNPCPs were assessed. Rectal 

lesions (n=618) were more likely to be larger, nodular and granular compared to non-rectal 

LNPCPs (n=2787) and were 2.5 times more likely to contain cancer (15% vs 6%, p<0.001). 

The ramifications for non-curative ER are greater in the left colon compared to the right 

colon. Surgery in the distal colon carries a greater risk of morbidity compared to a right 

hemicolectomy. [4] Rectal LNPCPs should ideally be assessed at specialized tissue resection 

centres with the ability to undertake ESD if required. Any LNPCP suspected of harboring 

covert SMIC should be removed en bloc ideally with ESD to maximize the likelihood of 

curative resection. 

 

Small, high-risk lesions 

Chapters 6 and 7 assessed EFTR for lesions with high-risk features, early cancers or lesions 

at the appendiceal orifice. EFTR is safe, effective and does not require the prolonged learning 
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curve that is associated with learning ESD and third space endoscopy. This device may be 

well-suited to Western settings, where the case volume for ESD is low.  

 

The recurrence rate was 3% and the most common adverse event was appendicitis (11%). In 

2 patients, ileocolonic fistulas were identified on CT scans, performed routinely post-

operatively. Both patients had previously had abdominal surgery and likely had adhesions or 

altered anatomy. Caution should be exercised when undertaking FTR in patients with a 

history of abdominal surgery.  

 

Anastomotic polyps  

Polyps encountered at a surgical anastomosis present a unique set of challenges. Site specific 

modification is required for effective ER. In Chapter 9, we examined the efficacy of ER of 

LAAPs. No previous studies have examined the efficacy of ER for these lesions. Over a 7-

year period, 2629 lesions were resected, of which 10 (0.4%) were LAAPs. ER Technique 

modification is required for several reasons. Typically, many anastomoses have a degree of 

inflammatory change, which can impede optical evaluation. The densely fibrosed ridgeline 

results in adherence of the mucosal layer to the anastomosis, meaning that DMI is more 

common.  

Of the 10 patients with LAAPs, 9 (90%) were resected with a combination of EMR and 

CAST. The technique is safe without any significant DMI (DMI Type III-V). Technical 

success was 100% and at 6-month follow-up colonoscopy, there was no recurrence in any 

case. This study demonstrates that LAAPs can be safely and effectively removed by ER. 

 

Future directions 

Underpinned by high-quality research as well as technical innovations, great advances have 

been made in our understanding and capabilities of ER. While this thesis has addressed some 

deficiencies in our understanding about ER technique, there are a number of important 

questions which remain: 

- Thermal ablation of the margin as an adjuvant technique for C-EMR 

- Other technical innovations to reduce recurrence rates with C-EMR 
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- Understanding the size cut-off at which the risk of recurrence for C-EMR becomes 

excessively burdensome 

- Improving optical assessment of nodular rectal lesions to better predict SMIC risk 

- Head-to-head trials of ESD vs Trans-anal Minimally Invasive Surgery (TAMIS) for 

resection of high-risk rectal lesions 

- Long-term outcomes of EFTR compared to ESD for small, high-risk lesions 
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Chapter 10 - Selection of endoscopic resection technique for large colorectal lesion 
treatment 

Publication:  

Cronin O, Mandarino F, Bourke MJ. Selection of endoscopic resection technique for large 

colorectal lesion treatment. Current Opinion in Gastroenterology 2024 Sep1;40(5):355-62. 

 

In brief: 

- Endoscopic resection should be considered as the first line option for the removal of 

all colorectal lesions. 

Contribution:  

- This review draws on contemporary data, to provide evidenced-based conclusions on 

the most appropriate use of the endoscopic resection algorithm. 

- This chapter provides a summary of advances and techniques described in the earlier 

chapters of this thesis. 
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Purpose of review 

Large non-pedunculated colorectal polyps ≥20 mm (LNPCPs) comprise one percent of all 

colorectal lesions. LNPCPs are more likely to contain advanced histology such as high-grade 

dysplasia and submucosal invasive cancer (SMIC). Endoscopic resection (ER) is the first-line 

approach for management of these lesions. ER options include endoscopic mucosal resection 

(EMR), cold-snare EMR (EMR), endoscopic submucosal dissection (ESD) and endoscopic 

full-thickness resection (EFTR). This review aimed to critically evaluate current ER 

techniques. 

 

Recent findings 

Evidence-based selective resection algorithms should inform the most appropriate ER 

technique. Most LNPCPs are removed by conventional EMR but there has been a trend 

toward C-EMR for ER of LNPCPs. More high-quality trials are required to better define the 

limitations of C-EMR. Advances in our understanding of ESD technique, have clarified its 

role within the colo-rectum. More recently, the development of a full thickness resection 

device (FTRD) has allowed the curative ER of select lesions. 

 

Summary 

ER should be regarded as the principal approach for all LNPCPs. Underpinned by high-

quality research, ER has become more nuanced, leading to improved patient outcomes. 

 

Keywords: Colonoscopy; polyp; polypectomy; colorectal cancer; endoscopic mucosal 

resection; endoscopic submucosal dissection, endoscopic full thickness resection.  

 

Introduction 

 

Colorectal cancer (CRC) is the second leading cause of cancer-related mortality. [1] Most 

CRCs develop from the stepwise acquisition of molecular abnormalities along the adenoma-

carcinoma and serrated pathways. [2-4] This pathogenic trajectory presents a strategic 

window for the potential prevention of CRC by the endoscopic resection (ER) of 

premalignant polyps. Compelling evidence underscores the efficacy of screening 

colonoscopy and polypectomy in diminishing the 10-year risk of CRC-related mortality [risk 

ratio 0.82, 95% confidence interval (CI) 0.70-0.93]. [5] The national polyp study (n=2602) in 

long-term follow-up revealed a 53% reduction in risk [relative risk (RR) 0.47, 95% CI 0.26-
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0.80] among participants who underwent polypectomy. [6] Underpinned by high-quality 

research, improvements in our understanding of the fundamentals of ER, as well as 

concurrent technical innovations have allowed for the curative ER of advanced benign lesions 

and also lesions containing submucosal invasive cancer (SMIC). 

 

Most colorectal lesions are <10mm in size, lack advanced histology and are amenable to en 

bloc or piecemeal removal with a cold snare. [7-9] Large non-pedunculated colorectal lesions 

≥20 mm (LNPCPs) comprise ~1% of all polyps. They have a variable propensity to harbour 

overt and covert SMIC. [10] Currently, there are a range of effective techniques available for 

their endoscopic management. 

 

Selection of the most appropriate technique is contingent upon multiple factors, including 

lesion size, morphology, location, and the perceived risk of SMIC. [10-12] In addition, 

patient specific factors must be considered including co-morbidities, anti-coagulant and anti-

platelet medications. This nuanced approach ensures that the chosen management strategy is 

tailored to the unique characteristics of both the lesion and the patient. 

 

ER is the recommended first-line modality for the management of LNPCPs. [13, 14] 

Compared to surgery, ER is equally effective and has a superior morbidity and healthcare cost 

profile. [15, 16] Technical success requires a collaborative, methodical approach. It starts 

with planning, comprehensive communication with endoscopy staff, patients and their 

families. It relies on a thorough optical assessment. Management should ideally be 

undertaken at a centre with access to all ER techniques including endoscopic mucosal 

resection (EMR), cold-snare EMR (C-EMR), endoscopic submucosal dissection (ESD) and 

endoscopic full thickness resection (EFTR) (Figures 1-3). This review aimed to critically 

analyse current ER techniques and to evaluate where each fit within a selective ER algorithm.  

 

Pre-resection 

 

Optimizing patient outcomes necessitates meticulous planning, particularly in the pre-

procedural phase. This includes a comprehensive evaluation of the patient's medical history, 

functional status, co-morbidities, and current medications.  
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The pre-procedural planning phase extends to the endoscopy room where a collaborative 

discussion with nursing and anaesthetic staff provides great value. This collaborative 

approach ensures that all team members are well-informed about critical procedural steps, 

necessary equipment, and the anticipated duration of the procedure. Furthermore, it is 

advantageous to address any site-specific challenges that may arise during the procedure, 

such as expected fibrosis encountered in previously attempted lesions. [17]  

 

Other important discussion points include any specific medications such as surgical antibiotic 

prophylaxis or local anaesthetic for lesions at the anorectal junction (ARJ). An equipment 

check should ensure the availability of all appropriate resection devices such as snares and 

ESD knives. [18, 19] It is imperative that ER is conducted exclusively with carbon dioxide 

insufflation. [20] Furthermore, essential ancillary devices, such as through-the-scope clips for 

closure and haemostatic forceps to address intra-procedural bleeding, should be pre-

positioned in the procedure room.  

 

Patient positioning is important and can improve efficiencies. The ideal orientation is with the 

patient positioned so that the fluid pool is opposite the lesion. Thus, leveraging gravity to 

optimize lesion elevation and ensure a clear working field for tissue resection or the 

management of any potential complications. Consequently, adopting a supine or right lateral 

position may be deemed necessary. Precise positioning of the colonoscope to align the lesion 

at a 6 o'clock position is imperative for optimal visualization and intervention. Depending on 

the lesion's location, the adoption of a retroflexed position may further enhance access and 

aide comprehensive optical assessment. Time spent early on patient positioning, promotes 

procedural efficacies, mitigates potential challenges, and optimises outcomes. 

 

Pre-resection diagnosis is important to optimise decision making and patient outcomes. 

Thorough optical assessment stands as a cornerstone in diagnostic precision. The risk of overt 

(optical features of SMIC present) or covert (optical features of SMIC absent) cancer is 

contingent upon various parameters, including the size, location, morphology, granularity, 

and microvascular and surface pit patterns of the LNPCP. [10, 12] Classification systems, 

such as the Kudo pit pattern (KPP) and the Japan Narrow-Band Imaging Expert Team (JNET) 

classification, provide helpful frameworks for this multifaceted assessment. [21, 22] 

Proficiency in understanding these systems is helpful, however, quite simply benign lesions 

have surface homogeneity, loss of this homogeneity raises concern for SMIC. A pragmatic 
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approach to enhance familiarity and utilization could involve prominently displaying large 

posters of these classification systems in endoscopy rooms and reporting areas. 

 

Flat benign lesions typically exhibit surface homogeneity characterized by a regular pit and 

microvascular pattern. In contrast, the presence of high-grade dysplasia or cancer manifests 

as a distinct demarcated area of disruption within this otherwise regular pattern. Rigorous 

examination of such areas is paramount to ensuring accurate optical diagnosis and guiding 

the formulation of an appropriate resection strategy. Bulky lesions may harbour SMIC within 

and risk is best stratified by surface morphology and location. 

 

Traditionally, the “optical biopsy” was thought to be inaccurate. Recent advancements have 

highlighted the exceptional accuracy of optical assessment, particularly for flat (Paris 0-IIa) 

LNPCPs. [23] In a large, prospective, single-centre cohort study (n=1583), the sensitivity and 

specificity for predicting cancer in Paris 0-IIa LNPCPs were >90%. This study reported the 

chance of a missed cancer in a flat (Paris 0-IIa) lesion was 6 in 1000 cases. 

 

Conversely, optical diagnosis for SMIC for nodular lesions is less accurate with a sensitivity 

of 53% and specificity of 94%, resulting in a 6% missed SMIC rate. [23] Excluding lesions 

with overt SMIC, a large multicentre, prospective study (n = 2277) revealed that covert SMIC 

was associated with Paris 0-Is and Paris 0-IIa+Is morphology, non-granularity, size, and distal 

location. [10] Corroborating this finding, a large prospective cohort study (n = 3405) reported 

that rectal LNPCPs have a higher likelihood of harbouring SMIC compared to their non-

rectal colonic counterparts (15% vs. 6%, p < 0.001). [12] These advancements in 

understanding the optical diagnostic accuracy have refined our understanding of SMIC risk 

and influence the most appropriate ER technique. 

 

A pre-resection biopsy has been traditionally used for pre-resection diagnosis however this is 

often inaccurate. In a large, retrospective study (n=586), compared to the post-resection 

specimen, pre-resection biopsy was inaccurate in 40% of lesions. [24] 

 

Resection 
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A selective ER algorithm should guide therapeutic decisions for LNPCP management, 

integrating all known lesion parameters to predict histopathology and therefore maximise the 

chance of a curative resection.  

 

Endoscopic Mucosal Resection  

 

EMR remains the foundation for the effective removal of LNPCPs demonstrating superior 

safety, efficacy and cost-effectiveness compared to surgery. [25-27] Advancements over the 

past decade, informed by high-quality studies have enhanced EMR safety and efficacy. Key 

refinements include CO2 insufflation, chromo-injectate utilisation in the submucosal space, 

systematic inject and sequential snare resection, incorporation of a 2-3mm margin of normal 

mucosa during ER, water jet expansion of the defect to identify residual adenoma and the 

early recognition of significant deep mural injury (DMI). [20, 28, 29] Following adenoma 

resection, thermal ablation (TA) of the margin is performed to achieve a 3-5mm rim of 

ablated mucosa. [30] With the addition of thermal ablation, recurrence rates have reduced 

from ~20% to below 2%. [30, 31] 

 

In a recent large RCT (n=414), the efficacy of snare tip soft coagulation (STSC) was 

compared to argon plasma coagulation (APC) for TA of the margin. [32] Although not 

significantly different, recurrence rate at first surveillance colonoscopy was 4.6% vs 9.3% for 

the STSC and APC groups respectively. [32] The authors concluded that STSC is the 

favoured technique given it is more efficient to apply, less expensive and more carbon 

friendly than APC. 

 

Cold-Endoscopic Mucosal Resection 

 

Presently, due to limited data, conventional EMR is preferred over C-EMR for LNPCP 

resection. The safety profile of C-EMR is appealing for piecemeal resection of Paris 0-IIa 

LNPCPs however, the upper size limit for effective removal without excessive recurrence is 

unknown. A large, prospective, multicentre cohort study (n = 286 lesions) comparing 

conventional EMR to C-EMR for 6–15 mm polyps favoured the use of C-EMR over EMR. 

[33] At present, US consensus guidelines recommend either EMR or C-EMR for resection of 

lesions 10–19 mm. [13] Recently, the first large, prospective randomised controlled trial 

(RCT) compared C-EMR to conventional EMR for 15-50mm Paris 0-IIa lesions was 
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published. At 6-month surveillance colonoscopy, recurrence was significantly greater in the 

C-EMR group [(15/87, 17%) vs (1/93, 1%); p<0.001]. Significant DMI [(0, 0%) vs (24/93, 

26%); p<0.001] and delayed perforation [(0,0%) vs (1/93, 1%); p=0.33] only occurred in the 

EMR group. Clinically significant post procedural and intraprocedural bleeding were greater 

in the EMR arm [(1/87, 1.1%) vs (7/93, 7.5%); p = 0.038] and [(0/87, 0%) vs (10/93, 10.8%); 

p=0.002] respectively. [34] 

 

These findings suggest there is an upper limit to lesion size for C-EMR after which 

recurrence becomes overwhelming burdensome. This cut-off might differ between patients. 

For example, an elderly patient taking anticoagulation may not be bothered by recurrence, 

and any recurrence would be unlikely to shorten that patient’s length or quality of life. 

Conversely, a delayed perforation or bleed post EMR could prove more challenging for that 

patient, swinging the ER pendulum in favour of C-EMR.  

 

In contrast to adenomas, C-EMR is always recommended as the primary modality for ER of 

serrated lesions, irrespective of size. A large, prospective study (n=562) demonstrated 

comparable technical success and recurrence rates between C-EMR and EMR, while bleeding 

(0% Vs 5%) and significant DMI (0% Vs 3%) were more common in the EMR group. [35] 

 

 

Endoscopic Submucosal Dissection 

 

The rectum represents a highly intricate and high-risk anatomical site, characterised by 

unique challenges distinct from those encountered in the colon. The heightened risk of covert 

SMIC [12, 36] rather than technical limitations underscores its complexity. Additionally, the 

stakes are greater. Failed endoscopic cure necessitates the need for some of the most complex 

forms of colorectal surgery, associated with the risk of ostomy formation [37], increased risk 

of incontinence (12%) [38] and sexual dysfunction (20-46%) [39] along with a 10-20% risk 

of a permanent stoma. [40, 41] Low anterior resection, a common surgical approach, is 

associated with a 30-day morbidity and mortality of 25% and 6% respectively [42], 

emphasising the serious implications of surgery in the left colon. In this context, ER emerges 

as an organ sparing, minimally invasive alternative, mitigating the need for complex surgery 

in many cases. [43]  
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In a large multicentre observational study (n=618), rectal LNPCPs were more likely to 

contain cancer (15% vs 6%, p<0.001), 50% of which is covert, compared to the remainder of 

the colon. [12] To achieve R0 (curative) resection, en bloc resection is required.  

 

Originally developed for treatment of early gastric cancer, ESD has evolved into an 

established technique in the colorectum. Using an electrosurgical knife for fine dissection, 

ESD allows precise en bloc resection of large lesions with more precision and control 

compared to EMR. A rectum-specific selective resection algorithm (SRA) has demonstrated 

superior outcomes compared to a Universal EMR algorithm (UEA). In a large study (n=480), 

LNPCPs underwent ESD if they had features suggestive of overt SMIC (1000μm, KPP V) or 

covert SMIC (Paris 0-1s, or a dominant nodule). All LNPCPs with SMIC amenable to R0 

resection that underwent ESD achieved cure. [11] Implementing a rectum-specific SRA 

avoids the piecemeal resection of cancer.  

 

In a recent large RCT (n=360), Jacques and colleagues compared EMR and ESD for LNPCPs 

≥25mm. Lesions within 15cm of the ARJ were excluded. [44] The rate of SMIC was 6% in 

keeping with previous studies. [12] While ESD had lower recurrence rate (0.6% vs 5.1%), 

adverse events were greater (36% vs 25%). The procedure time for ESD and EMR was 47 

minutes vs 15 minutes respectively. Accounting for the opportunity and resource cost of ESD 

compared to EMR, as well as the low rate of covert SMIC outside of the rectum, this study 

underscored the importance of a selective ER approach. EMR is safe, efficient and less-

expensive than ESD. ESD is an indispensable tool which should be reserved for lesions at 

high risk of superficial early overt SMIC or covert SMIC such as bulky rectal lesions. [45]  

 

 

Endoscopic Full-Thickness Resection 

 

High risk lesions require en bloc resection for cure. Until recently, the only ER options were 

en bloc EMR and ESD, but both have limitations. EMR is less precise and may struggle in 

achieving R0 resection of lateral and vertical margins, especially in fibrotic lesions with 

advanced histology. [46] While ESD offers superior margin control, it is technically 

challenging, resource intensive and has limited accessibility, particularly in Western 

countries. [47-50] Additionally, ESD may face challenges in achieving a curative vertical 

resection margin. To address these issues, an integrated endoscopic full-thickness resection 
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device (FTRD, Ovesco Endoscopy, Tübingen, Germany) was developed for select 

gastrointestinal lesions. The FTRD, featuring a single-clip closure and resection device 

enables EFTR without exposing the peritoneum to luminal contents during the procedure. 

[51-53] In contrast to ESD, EFTR does not have a lengthy learning curve and does not 

necessarily require knowledge of third-space endoscopy or resection planes. [54] Two large 

national registries have reported high curative results for select lesions with T1 cancer or 

high-grade dysplasia. [55, 56] However a limitation of the FTRD is the lesion size, 

determined by the volume of tissue that can be pulled into the distal over-the scope cap and 

the risk of delayed perforation which is 1%. [57] A study (n=69) has demonstrated efficacy of 

a hybrid EMR/EFTR technique for resection of larger lesions, but more data is required on 

long-term durability. [58] Due to the relative novelty of EFTR, long-term efficacy data is 

lacking. 

 

 

Post-resection considerations 

 

Regardless of the ER modality, it is vital that clear, written and verbal instructions are 

provided to the patient and their next of kin. Instructions should include when and how to 

contact medical staff should there be any issues. This ensures prompt recognition and 

effective management of any complications. 

 

Post-resection surveillance is required for all resected lesions, the timing of which differs 

depending on the resected histology. Patients should ideally be scheduled for follow-up on 

the day of their index resection to ensure there are no errors in communication and they are 

not lost to follow-up. 

 

The management of covert SMIC identified post-piecemeal ER has historically presented 

challenges. In a recent, large observational study (n=3372), 143 (4%) cases exhibited covert 

SMIC post-piecemeal resection. [59] Surgical resection was performed in 109 cases of which 

62 (63%) contained no residual cancer. Among cases with residual intramucosal cancer 

(n=24), an R1 histological deep margin identified all instances. Poor differentiation and/or 

lymphovascular invasion conferred a high risk of lymph node metastasis (12/33) while cases 

lacking these features presented a very low risk (<1%< 0/35). Most patients with covert 
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SMIC resected piecemeal displayed no residual malignancy. Residual malignancy risk could 

be predicted by poor differentiation, lymphovascular invasion and an R1 deep margin. 

 

In a large multicentre study (n=2255) of non-curative colorectal ESDs, none (0%) of the sm1 

lesions had residual CRC after surgical resection and none of the >sm1 lesions had residual 

CRC if lymphovascular invasion (LVI) and poor differentiation were absent. LVI or poor 

differentiation warrant consideration of surgery due to the high risk of lymph node 

metastasis. [60] 

 

 

Conclusion 

  

This review compares various ER techniques and underscores the intricate balance of 

choosing the most appropriate technique for any given lesion and patient. EMR, C-EMR, 

ESD and EFTR all offer distinct value but each also have their weaknesses. Ultimately, ER is 

becoming more nuanced. Endoscopists should not only account for lesion sub-types, each 

with differing challenges and risks, but they also need to account for patient specific factors, 

embracing the paradigm of precision medicine. Current selective resection algorithms, based 

on high quality evidence, provide fundamental guidance to achieve the best outcomes for our 

patients. These are likely to be further refined in the immediate future.  

 

 

 

 

 

Key points: 

- Curative management of large non-pedunculated colorectal polyps requires 

comprehensive planning. 

- Endoscopic mucosal resection (EMR), cold-EMR, endoscopic submucosal dissection 

(ESD) and endoscopic full-thickness resection each have strengths and weaknesses. 

- Selective endoscopic resection algorithms should guide selection of resection 

technique and account for lesion and patient specific factors. 
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Images 

 

Figure 1: 40mm Granular Paris 0-IIa LNPCP in the mid-ascending colon resected by 

conventional Endoscopic Mucosal Resection. 
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40mm granular Paris 0-IIa LNPCP assessed with high-definition white light (a). Sequential 

submucosal injection and piecemeal resection (b-d) followed by thermal ablation of the 

margin (e). Surveillance colonoscopy demonstrating a bland scar at the site of resection (f). 

 

Figure 2: 35mm Granular Paris 0-IIa LNPCP in the distal transverse colon resected by 

Cold Endoscopic Mucosal Resection. 

35mm granular Paris 0-IIa LNPCP assessed with (a) high-definition white light and (b) 

narrow band imaging (NBI). Piecemeal cold snare resection with sequential snare overlap (c), 

resected with a wide margin (d-e). Surveillance colonoscopy demonstrating a bland scar at 

the site of resection (f). 

 

Figure 3: 50mm Granular Paris 0-IIa+Is LNPCP in the rectum resected by Endoscopic 

Submucosal Dissection. 

50mm Granular Paris 0-IIa+Is LNPCP assessed with (a) high-definition white light and (b) 

narrow band imaging (NBI). En bloc submucosal dissection and resection (c-e). Post-

resection en bloc ex-vivo specimen (f). 
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Chapter 11 - Conclusions 
ER is considered the first-line treatment for all pre-malignant gastrointestinal lesions. It 

should also be considered the first-line treatment for early cancers. Through high-quality 

research, our understanding of specific ER techniques and their associated strengths and 

deficiencies has improved. Innovations in both technique and equipment have led to 

improved understanding and efficacy of ER. There remain many unanswered questions in 

what is an ongoing task of continuous improvement with the constant over-arching goal of 

improved patient outcomes. 
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Simple Summary: Endoscopic resection (ER) of large non-pedunculated colorectal polyps ≥ 20 mm
(LNPCPs) is safe, effective and the preferred treatment compared to surgery. Predicted histopathology of
an LNPCP based on size, morphology, granularity, pit pattern and location in the colo-rectum is essential
when deciding upon resection technique. Post resection defect inspection and adjuvant techniques, such as
thermal ablation of the margin, have been demonstrated to reduce recurrence rates. Follow-up surveillance
colonoscopy can accurately identify recurrence. Endoscopic treatment of recurrence is effective.

Abstract: Large non-pedunculated colorectal polyps ≥20 mm (LNPCPs) comprise approximately
1% of all colorectal polyps. LNPCPs more commonly contain high-grade dysplasia, covert and
overt cancer. These lesions can be resected using several means, including conventional endoscopic
mucosal resection (EMR), cold-snare EMR (C-EMR) and endoscopic submucosal dissection (ESD).
This review aimed to provide a comprehensive, critical and objective analysis of ER techniques.
Evidence-based, selective resection algorithms should be used when choosing the most appropriate
technique to ensure the safe and effective removal of LNPCPs. Due to its enhanced safety and
comparable efficacy, there has been a paradigm shift towards cold-snare polypectomy (CSP) for
the removal of small polyps (<10 mm). This technique is now being applied to the management of
LNPCPs; however, further research is required to define the optimal LNPCP subtypes to target and
the viable upper size limit. Adjuvant techniques, such as thermal ablation of the resection margin,
significantly reduce recurrence risk. Bleeding risk can be mitigated using through-the-scope clips
to close defects in the right colon. Endoscopic surveillance is important to detect recurrence and
synchronous lesions. Recurrence can be readily managed using an endoscopic approach.

Keywords: colonoscopy; polyp; polypectomy; colorectal cancer; endoscopic mucosal resection;
endoscopic submucosal dissection

1. Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the
second most frequent cause of cancer-related death [1,2]. The majority of CRCs arise via the
stepwise acquisition of molecular abnormalities in the adenoma–carcinoma and serrated
pathways [3–5]. This creates the opportunity for intervention to remove premalignant
polyps. Endoscopic resection (ER) of pre-malignant polyps has been shown to reduce the
incidence of CRC [6–8]. Moreover, screening colonoscopy and polypectomy have been
shown to reduce the risk of death from CRC at 10 years (risk ratio 0.82, 95% confidence
interval (CI) 0.70–0.93) [9]. In a large study (n = 2602) with follow-up over 23 years, a 53%
reduction (relative risk (RR) 0.47; 95% CI 0.26–0.80) in mortality was demonstrated in those
who had undergone polypectomy [7].

The majority (90%) of colorectal polyps are <10 mm in size, do not contain advanced
pathology and can be removed either en bloc or piecemeal using cold-snare polypectomy
(CSP) [10–12]. Large non-pedunculated colorectal polyps ≥ 20 mm (LNPCPs) comprise
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~1% of all colorectal polyps. These lesions have varied risk of overt and covert submucosal
invasive cancer (SMIC), and therefore require a detailed, methodical optical assessment
before deciding on the most suitable resection technique [13–16]. This algorithm needs to
account for LNPCP size, morphology, location and pit pattern in addition to any patient-
specific factors, such as co-morbidities and anticoagulation or anti-platelet medications [17].

Consensus recommendations favour an endoscopic approach as first line for the
resection of LNPCPs (based on high-quality evidence) [18,19]. Compared to surgical
resection, EMR has been demonstrated to have reduced morbidity and mortality and lower
healthcare costs [20,21].

ER can be divided into three discrete phases: pre-resection, resection and post-
resection. The technical success of ER requires a methodical, collaborative approach,
ideally at a centre with access to the complete range of ER techniques, including conven-
tional endoscopic mucosal resection (EMR), cold-snare EMR (C-EMR) and endoscopic
submucosal dissection (ESD) (Figure 1). This review aimed to provide a comprehensive,
critical and objective analysis of ER techniques. Herein, we outline an evidence-based
approach to the ER of colorectal polyps.
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snare EMR (C-EMR). (a–c) EMR of a 40 mm Paris 0-IIa+Is granular hepatic flexure lesion. (d–f) ESD of
a hemi-circumferential 45 mm Paris 0-IIa+Is granular rectal lesion. (g–i) C-EMR of a 50 mm serrated
lesion without dysplasia in a patient with serrated polyposis syndrome.

2. Pre-Resection

Planning is essential to ensure technical success. The planning phase can be sub-
divided into pre-procedure and intra-procedure.
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Pre-procedural planning starts with patient assessment, accounting for frailty, func-
tional status, co-morbidities and medications. Consent must include the risks and benefits
of ER and a discussion around alternative modalities, such as surgery. Predicted lesion
histopathology, including the risk of SMIC, should influence ER modality, and any related
imaging should be reviewed. Pre-procedural planning also includes an in-room discussion
with the endoscopy team to ensure that nursing and anaesthetic staff are aware of the vari-
ous stages of the procedure, including any site-specific challenges, such as those seen with
ileocaecal valve (ICV) lesions [17,22]. The pre-procedure discussion with the endoscopy
team should also include the expected procedure time, any required medications, such as
surgical antibiotic prophylaxis or local anaesthetic for anorectal junction (ARJ) lesions, and
a check to ensure appropriate snares and ESD knives are available [23,24]. ER should only
be performed using carbon dioxide insufflation [25]. Required ancillary devices should be
in the room pre-procedure, including closure devices, such as through-the-scope clips, and
those used to treat intra-procedural bleeding, such as haemostatic forceps.

Intra-procedural planning starts with patient positioning. The optimal patient position
is to have the fluid pool opposite the lesion to maximise the effect of gravity on lesion
elevation and achieve a clear working field during tissue resection or for management of
any complications. Therefore, a supine or right lateral position may be required. Position
of the colonoscope to align the lesion at a 6 o’clock position is essential. Dependent on
location, a retroflexed position may improve access and optical assessment.

Thorough optical assessment is key. The risk of overt (optical features of SMIC present)
or covert (optical features of SMIC absent) cancer can be predicted based on LNPCP size,
location, morphology, granularity, and microvascular and surface pit patterns [13,26].
Several classification systems exist, including the Kudo pit pattern (KPP) and the Japan
Narrow-Band Imaging Expert Team (JNET) classification [27,28]. An understanding of
these systems is useful. A simple innovation to assist with familiarly and use is to place
large posters of these classification systems in endoscopy rooms and reporting areas. Benign
lesions have surface homogeneity with a regular pit and microvascular pattern (Figure 2).
High grade dysplasia or cancer within a benign lesion appears as a demarcated area of
disruption within this regular pattern (Figure 3). Such areas need to be very carefully
examined to ensure the correct optical diagnosis and treatment strategy.
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definition white light, (b) narrow band imaging (NBI) and (c,d) near-focus with NBI, demonstrating
a homogenous pit pattern (Kudo pit pattern IV).
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using (a,b) near focus and (c,d) near focus with narrow band imaging (NBI). There is a central well-
demarcated area with loss of homogeneity, neovascularization, dilated vessels and a non-structural
pit pattern (Kudo pit pattern VN), suggestive of a deeply invasive cancer.

Traditionally, the accuracy of optical diagnosis for SMIC was evaluated across the
entire LNPCP spectrum and was found to have suboptimal utility. Recently, optical
assessment of flat (Paris 0-IIa) LNPCPs has been proven to be highly accurate [15]. In a
large, prospective, single-centre cohort study (n = 1583), the sensitivity and specificity for
predicting cancer in Paris 0-IIa LNPCPs was 91% and 96%, respectively. The likelihood
that cancer would be missed in this study was 6 in 1000 cases. Optical diagnosis for SMIC
in nodular lesions is less accurate (sensitivity 53%, specificity 94%, missed SMIC 6%) [15].
Excluding those lesions with overt SMIC, a large multicentre, prospective study (n = 2277)
found that covert SMIC was associated with Paris 0-Is and Paris 0-IIa+Is morphology,
non-granularity, size and distal location [13]. Supporting this, a large prospective cohort
study (n = 3405) demonstrated that nodular rectal LNPCPs are more likely to contain SMIC
than non-rectal colonic LNPCPs (15% vs. 6%, p < 0.001) [26].

3. Resection

In 2023, a selective resection algorithm should be employed when considering a
therapeutic strategy for any colorectal polyp or neoplasm. This is based on optical diagnosis
for predicted histology, lesion size, morphology, surface granularity and location in the
colon.
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3.1. Diminutive (<5 mm) and Small (5–9 mm) Colorectal Polyps

The overwhelming majority of colonic polyps are diminutive (<5 mm) or small
(5–9 mm). CSP is safer and equi-efficacious compared to hot-snare polypectomy (HSP) for
the removal of these colorectal polyps. The absence of electrocautery all but eliminates the
risks of perforation and post-polypectomy bleeding [29,30]. Based on high quality data, en
bloc or oligo-piecemeal CSP should be used to resect these polyps [18,19].

3.2. Medium (10–19 mm) Colorectal Polyps

There is a paradigm shift toward C-EMR given its superior safety profile. A large,
prospective, multicentre cohort study (n = 286 lesions) comparing conventional EMR to
C-EMR for 6–15 mm polyps favoured the use of C-EMR over EMR [31]. At present, US con-
sensus guidelines recommend either EMR or C-EMR for resection of lesions 10–19 mm [18].

3.3. Large (>20 mm) Non-Pedunculated Colorectal Polyps

Conventional EMR is the mainstay for ER of LNPCPs due to its superior safety,
efficacy and cost effectiveness compared to surgery and ESD [17–19,22]. High-quality
studies over the past 10–15 years have lead to improvements in the safety and efficacy
of EMR. These include the use of CO2 for insufflation; addition of chromo-injectate into
the submucosal space; use of a systematic inject and sequential snare resection technique;
removing a 2–3 mm margin of normal mucosa; water expansion of the defect to identify any
residual adenoma; and recognition and management of significant DMI [25,32,33]. When all
visible adenoma has been excised, thermal ablation of the margin should be completed by
gently applying snare-tip soft coagulation (Effect 4, 80 W: ERBE Electromedizin, Tubingen,
Germany), aiming for a 3–5 mm rim of ablated mucosa [34]. In a large, prospective cohort
(n = 390) comparing conventional EMR without and with thermal ablation, recurrence rates
reduced from 21.0% (37/176) to 5.2% (10/192), p < 0.001. No adverse events were attributed
to margin thermal ablation. Since its inception, application of this adjuvant technique has
improved. In a recent, larger multicentre cohort (n = 1049), recurrence rates at 6-month
follow-up colonoscopy (SC1) were 1.4% (10/707) [35].

At present, given the paucity of data, conventional EMR is recommended over C-
EMR for LNPCP resection. The safety profile of C-EMR is appealing for the piecemeal
resection of Paris 0-IIa (flat, sessile) LNPCPs; however, the upper size limit that can be
effectively removed using C-EMR without excessive burden of recurrence is unknown.
Several ongoing large randomised controlled trials comparing EMR and C-EMR for non-
serrated LNPCPs (clinicaltrials.gov identifier: NCT04138030; NCT04418843) aim to provide
clarity on this issue. The next important RCT will compare C-EMR to C-EMR with thermal
ablation of the margin (clinicaltrials.gov identifier NCT05041478).

In contrast to adenomatous LNPCPs, C-EMR is always the primary modality for ER
of serrated LNPCPs, irrespective of size [36]. A large study (n = 562) of serrated lesions
found no difference in technical success and recurrence rates between EMR and C-EMR
groups; however, bleeding (0% vs. 5.1%) and significant deep mural injury (DMI) (0% vs.
2.8%) were more common in the EMR group.

3.4. Special Considerations

Site specific considerations and technique modifications may be needed for LNPCPs
located at the ICV, appendiceal orifice, surgical anastomosis, or an ARJ or those which are
circumferential [16,37–39].

The rectum should be regarded as a complex high-risk site, with distinct challenges
compared to the colon. This is not due to its technical limitations, but due to its increased
risk of covert SMIC [26,40]. Furthermore, the consequences of failed endoscopic cure
include consideration of the most hazardous and complicated forms of colorectal surgery,
including permanent ostomy formation [41]. Patients with rectal lesions removed using a
low or ultra-low anterior resection have an increased risk of incontinence (12%) [42] and
sexual dysfunction (20–46%) [43], and a 10–20% risk of permanent stoma [44,45]. Low
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anterior resection has a 30-day morbidity and mortality of 25% and 6%, respectively [46].
Postoperative complications have been associated with negative economic impact, in-
creased morbidity, extended postoperative hospital stay, readmission, sepsis and death. ER
is organ-sparing and minimally invasive, which enables avoiding wound infections as well
as other postoperative complications after open surgery, which cause pain and suffering to
patients [47].

In a large, multicentre observational study (n = 618), rectal LNPCPs were more likely
to have nodular morphology (53% vs. 17%, p < 0.001) and contain cancer (15% vs. 6%,
p < 0.001) compared to LNPCPs in the remainder of the colon [26]. Endoscopic en bloc
resection for any LNPCP with a nodular component is critical with the aim of achieving an
R0 (curative) resection. This requires meticulous planning.

ESD was developed as an ER technique for the curative treatment of early gastric
cancer. ESD is now an established technique in the colo-rectum. It is typically performed
with a generous submucosal injection, in a retroflexed position for improved scope stability,
and using an improved more parallel angle of the cutting plane. Dissection is performed
using an electrosurgical knife. Technique has improved over the past 10 years, aided by
internal and external traction devices as well as techniques such as pocket creation ESD.

EMR and ESD are complementary techniques for resection of rectal LNPCPs. A
selective resection algorithm (SRA) has demonstrated superior outcomes compared to a
universal EMR algorithm (UEA). In a large study (n = 480) comparing an SRA to a UEA,
LNPCPs underwent ESD if they had features suggestive of superficial overt SMIC (1000 µm,
KPP VI) or covert SMIC (Paris 0-Is or a dominant nodule). All (n = 7, 100%) LNPCPs with
SMIC amenable to R0 resection that underwent ESD were cured [16]. A rectum-specific
SRA avoids the piecemeal resection of cancer.

Until recently, the management of covert SMIC discovered after piecemeal ER has been
challenging. A recent observational study (n = 3372) identified 143 (4.2%) cases with covert
SMIC post piecemeal resection [48]; 109 cases underwent surgical resection, and 62 (63%)
cases had no residual cancer. All cases with residual intramucosal cancer (n = 24) could
be identified by a R1 histological deep margin. Cases with poor differentiation and/or
lymphovascular invasion had a high risk of lymph node metastases (12/33); there was a
very low risk without these features (<1%, 0/35). The majority of patients with covert SMIC
resected piecemeal had no residual malignancy. The risk of malignancy can be predicted
by poor differentiation, lymphovascular invasion and an R1 deep margin.

Prevention of bleeding by prophylactic treatment of medium and large vessels with
coagulating forceps is key. Bleeding stains the mucosa, impeding views, and leading to
a higher risk of incomplete resection. Treatment of bleeding can char the mucosa, also
obscuring views. Given its resource intensive, time consuming nature, this technique is best
reserved for lesions with superficial overt SMIC or a high risk of covert SMIC. In clinical
practice, this limits its use predominantly to the rectum [24].

Previously attempted LNPCPs are common and present a unique set of challenges.
Due to the dense submucosal fibrosis, submucosal lift if often unsuccessful. A large
observational study (n = 1292) demonstrated that with the use of auxiliary these lesions
can be effectively resected by EMR. CAST was used in 73 (46.2%) cases. No recurrence
(n = 0, 0%) was identified in any previously attempted LNPCPs that underwent margin
thermal ablation, demonstrating that EMR is effective for resection of these lesions [49].

3.5. Complications
3.5.1. Deep Mural Injury

Significant DMI (Deep Mural Injury Types III–V) was previously a feared intra-
procedural complication, with a frequency of approximately 3% [40]. However, due to
an improved understanding of risk factors, earlier recognition and advances in closure
devices, such as through-the-scope clips, significant DMIs can now be successfully man-
aged [40,50]. In a large, prospective cohort (n = 911), significant DMI was associated with
attempted en bloc resection, advanced histopathology and transverse colon location [50]. In
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a large, prospective cohort (n = 3717), significant DMI occurred in 2.7% (101/3717) of EMR
resections (median lesion size 35 mm, interquartile range 25–45 mm). Successful defect
closure occurred in 97.0% (98/101) of cases. There were no differences found between DMI
and non-DMI cases in terms of technical success or recurrence [40].

3.5.2. Post-Procedural Bleeding

Prophylactic treatment of visible vessels within a defect post EMR has been previously
investigated. In a multicentre RCT (n = 347, 55.3% proximal colonic lesions), prophylactic
endoscopic coagulation of all visible vessels within the post-EMR defect did not reduce clin-
ically significant post-EMR bleeding compared to no treatment (5.2% vs. 8.0%; p = 0.30) [51].
Post-resection defect closure for right-sided lesions using through-the-scope clips has been
shown to reduce clinically significant post-EMR bleeding from 10.6% (12/113) to 3.4%
(4/118), p = 0.031 [52].

Post-ER bleeding has a frequency of 6–7%, dependent on defect location and the
selected ER modality. Bleeding typically does not require intervention, and these cases are
managed conservatively in >50% of cases [53].

4. Post-Resection
4.1. Post-Operative Care

Post-resection instructions and communication with nursing staff, patients and their
next-of-kin are important to ensure early recognition and management of any adverse
events or complications. Recovery staff should receive a verbal handover and a written
endoscopy report from the proceduralist, including any complexities or nuances of the case.
Dependent on the procedure type, patients should remain fasting for at least 2 h or until
they have been examined by the proceduralist. After clinical assessment, if the patient is
well, they can commence a clear fluid diet.

The patient should receive a copy of their report. Dietary instructions should be
highlighted and details of the best hospital contact should be clear, should the patient
have any issues or questions overnight. Most patients can be discharged home the same
day, but an endoscopy team member should contact the patient the following day for a
telehealth assessment.

4.2. Surveillance

Guidelines recommend a follow-up surveillance colonoscopy 6 months
post-ER [18,19,54]. Surveillance post-ER is essential to evaluate the previous resection site
and to exclude synchronous lesions [55]. Co-existent advanced pathology (polyps > 10 mm
or with a villous component or high-grade dysplasia) is reported to occur at surveillance in
10–20% of cases [55,56].

The previous ER site can be identified by a bland pale area, sometimes with anatomic
distortion of the mucosal folds [57]. A standardised imaging protocol for optical assess-
ment of the scar should include high definition white light and narrow band imaging (NBI,
Olympus, Inc, Tokyo, Japan) [57]. Optical scar assessment is accurate. A recent multicentre
single-blind cross-over trial (n = 203) to compare NBI and high definition white light for
the assessment of recurrence or residual adenoma at a post-EMR scar reported a negative
predictive value (NPV) > 90% (NPV 96% using NBI, NPV 93% using high definition white
light) [58]. Use of NBI was not superior to high definition white light (p = 0.06) [58]. Expert
consensus is that a biopsy is not needed for a bland scar with a uniform pit pattern [57].
Common mimics of recurrence include clip artefact and inflammatory nodules. If an
abnormality is suspected, this area should be excised and ablated, as described in a pro-
posed Westmead algorithm for evaluating recurrence [59]. Techniques include cold-snare
resection or cold-forceps avulsion with adjuvant snare-tip soft coagulation (CAST), margin
ablation and clip closure if any DMI ≥ Type 2 [34,50,60].
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5. Conclusions

ER is organ-sparing and minimally invasive. It is the recommended primary manage-
ment strategy for the excision of LNPCPs, supported by high-quality studies. Referral to an
expert endoscopist, rather than for surgery, is the standard of care for all patients with an
LNPCP. Predicted histopathology underpins the selective resection algorithm and accounts
for lesion size, site, granularity, pit pattern and morphology. These resection decision
strategies have revolutionised management of LNPCPs. Compared to surgery, they have a
lower morbidity and mortality, and are more cost-effective. Unnecessary surgery remains
an important issue, and can be overcome by greater awareness of the efficacy and superior
risk profiles of ER.
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ABSTRACT
Background and aims  Conventional hot snare 
endoscopic mucosal resection (H-EMR) is effective for 
the management of large (≥20 mm) non-pedunculated 
colon polyps (LNPCPs) however, electrocautery-related 
complications may incur significant morbidity. With 
a superior safety profile, cold snare EMR (C-EMR) of 
LNPCPs is an attractive alternative however evidence is 
lacking. We conducted a randomised trial to compare the 
efficacy and safety of C-EMR to H-EMR.
Methods  Flat, 15–50 mm adenomatous LNPCPs were 
prospectively enrolled and randomly assigned to C-EMR 
or H-EMR with margin thermal ablation at a single 
tertiary centre. The primary outcome was endoscopically 
visible and/or histologically confirmed recurrence at 6 
months surveillance colonoscopy. Secondary outcomes 
were clinically significant post-EMR bleeding (CSPEB), 
delayed perforation and technical success.
Results  177 LNPCPs in 177 patients were randomised 
to C-EMR arm (n=87) or H-EMR (n=90). Treatment 
groups were equivalent for technical success 86/87 
(98.9%) C-EMR versus H-EMR 90/90 (100%); p=0.31. 
Recurrence was significantly greater in C-EMR (16/87, 
18.4% vs 1/90, 1.1%; relative risk (RR) 16.6, 95% CI 
2.24 to 122; p<0.001).
Delayed perforation (1/90 (1.1%) vs 0; p=0.32) only 
occurred in the H-EMR group. CSPEB was significantly 
greater in the H-EMR arm (7/90 (7.8%) vs 1/87 (1.1%); 
RR 6.77, 95% CI 0.85 to 53.9; p=0.034).
Conclusion  Compared with H-EMR, C-EMR for flat, 
adenomatous LNPCPs, demonstrates superior safety 
with equivalent technical success. However, endoscopic 
recurrence is significantly greater for cold snare resection 
and is currently a limitation of the technique.
Trial registration number  NCT04138030

BACKGROUND AND AIMS
Conventional hot snare endoscopic mucosal resec-
tion (H-EMR) of large (≥20 mm) non-pedunculated 
colonic polyps (LNPCPs) is the standard of care 
within international consensus guidelines.1 2 For 
benign lesions, H-EMR supersedes surgical resec-
tion due to superior safety and cost effectiveness.3–7 

Historically, recurrence was frequently encountered 
in H-EMR.8 9 This was a significant limitation of 
the technique that necessitated multiple procedures 
to establish an endoscopic cure. The development 
of margin thermal ablation (MTA) to the post-EMR 
defect has mitigated recurrence and dramatically 
changed the EMR landscape.10–12 Despite this, 
electrocautery-related complications of delayed 
bleeding and perforation persist and may incur 
significant morbidity.13–22

Cold snare polypectomy (CSP) is effective and 
safe for the resection of small polyps.1 2 Perfora-
tion and delayed bleeding are a rare occurrence 
with complete resection rates comparable to hot 
snare techniques.23–25 The application of cold snare 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Hot snare endoscopic mucosal resection (EMR) 
is effective for the management of large 
(≥20 mm) non-pedunculated colon polyps 
(LNPCPs), however, electrocautery-related 
complications may incur significant morbidity. 
Cold snare resection is a safe and effective 
technique when performed on small polyps 
and serrated lesions of all sizes. High-quality 
evidence evaluating the safety and efficacy of 
cold EMR of adenomatous LNPCPs is lacking.

WHAT THIS STUDY ADDS
	⇒ This randomised trial compared the safety 
and efficacy of cold snare EMR for flat, 
adenomatous LNPCPs to conventional hot snare 
EMR. While cold EMR demonstrates superior 
safety and equivalent technical success, 
endoscopic recurrence is significantly greater 
and a limitation of the technique.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Despite superior safety, recurrence is a 
significant limitation of cold snare EMR of 
adenomatous LNPCPs. Refinements in cold EMR 
are required to reduce the risk of recurrence 
and gain a better understanding of lesions most 
amenable to the technique.
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resection to large polyps is consequently an attractive alterna-
tive. When performed on large non-dysplastic serrated polyps, it 
is safe and efficacious.26–28 Whether similar outcomes are achiev-
able for adenomatous LNPCPs remains unclear, with high-quality 
evidence comparing cold EMR (C-EMR) to H-EMR lacking.

The aim of this study was to conduct a randomised trial 
comparing the efficacy and safety of C-EMR against conven-
tional H-EMR for the resection of adenomatous LNPCPs.

METHODS
Study design
This was a prospective single-centre randomised controlled trial 
conducted at an Australian tertiary referral centre. The scientific 
protocol, data collection sheets and patient consent form were 
reviewed and registration was obtained. All authors had access 
to the study data and reviewed and approved the final manu-
script. The manuscript adheres to the Consolidated Standards of 
Reporting Trials recommendations.29

Patient selection and randomisation
Between November 2019 and September 2023, patients referred 
with flat LNPCPs between 15 and 50 mm in size were enrolled 
in the study unless they declined. Written informed consent 
was obtained from each patient on the day of the procedure. 
Exclusion criteria included: antiplatelet (excluding aspirin) or 
anticoagulant use not appropriately interrupted according to 
current guidelines, bleeding disorder or coagulopathy, inflam-
matory bowel disease associated dysplasia, LNPCPs concerning 
for submucosal invasive cancer (SMIC) (Kudo V surface appear-
ance), serrated lesions, LNPCPs directly involving the ileocaecal 
valve (ICV), anorectal junction (ARJ) or appendiceal orifice 
(AO) and sessile LNPCPs with a Paris 0-Is component greater 
than 10 mm in size.

Following optical evaluation, eligible lesions from consenting 
patients were randomised in a 1:1 ratio to the active (C-EMR) 
or control (H-EMR) arm using a randomly generated number 
table which was stored in a locked cabinet outside the proce-
dural room. To minimise bias, the allocation was conducted by a 
trained research nurse/investigator with the proceduralist blinded 
to the allocation process. Only one lesion was randomised per 
patient. In the presence of synchronous LNPCPs, multiple resec-
tions within the same procedure were performed if considered 
medically appropriate by the proceduralist. These remaining 
lesions were resected with conventional H-EMR as per best 
practice guidelines.

Procedure
All endoscopic procedures were performed by either a study 
investigator (accredited gastroenterologist with advanced 
training at a tertiary referral centre in colorectal endoscopic 
resection) or a senior interventional endoscopy fellow under 
their supervision. Antiplatelet (thienopyridine derivatives) and 
anticoagulation medications were withheld preprocedure, in 
accordance with consensus recommendations. Standard split-
dose bowel preparation was administered 24 hours prior to 
the procedure. Intravenous sedation was with a combination of 
fentanyl, midazolam and propofol.

High-definition Olympus 190 series variable-stiffness colo-
noscopes (HQ190 PCF/CF; Olympus, Tokyo, Japan) were used 
for all procedures with carbon dioxide for insufflation. Optical 
evaluation was performed under high-definition white-light and 
narrow-band imaging (NBI) to exclude features of SMIC. Polyp 
size was measured against an open snare of known size. Once 

deemed appropriate for EMR, a submucosal cushion was created 
with an injection of succinylated gelatin (Gelofusine; B. Braun, 
Bella Vista, Australia) with 0.4% indigo carmine and 1:100 000 
epinephrine.

For conventional H-EMR, a standardised, previously 
described, inject and resect EMR technique was used.30–33 A 
microprocessor-controlled electrosurgical generator (Endocut 
effect 3, VIO 300D; ERBE Elektromedizin, Tübingen, Germany) 
with fractionated current was used for electrocautery. Thermal 
ablation of the resection margin was performed using snare tip 
soft coagulation (STSC) (ERBE VIO 300D, SOFT COAG: 80W, 
Effect 4; ERBE, Tubingen, Germany). The resected tissue was 
retrieved by suctioning into a polyp trap or collection with a 
Roth Net.

For C-EMR, following submucosal injection, snare excision 
was performed with a dedicated stiff thin-wired cold snare 
(Boston Captivator 10 mm). In keeping with contemporary cold 
snare practice and recent guidelines, wide margins were delib-
erately taken during C-EMR.2 We generally aimed for a 50% 
overlap between polyp tissue and surrounding normal mucosa to 
achieve a 5 mm resection margin in most cases. Any suspicion of 
residual adenoma was excised by cold snare once more to ensure 
complete resection of the lesion (figure 1). Resected tissue was 
retrieved by suctioning into a polyp trap.

Defects were inspected to assess for deep mural injury 
(DMI).15 Areas of significant injury (DMI II–V) were treated 
with mechanical clip closure. Intraprocedural bleeding (IPB) 
was treated with STSC, haemostatic forceps or clip closure. 
Although evidence for defect closure in the right colon emerged 
following the study’s inception, to minimise bias, this was not 
routinely conducted during H-EMR procedures for bleeding 
prophylaxis. As per standard practice at study commencement, 
lesions at high risk of clinically significant post-EMR bleeding 
(CSPEB), based on defined risk factors, were prophylactically 
closed.18

Resection specimens were evaluated by specialist gastrointes-
tinal pathologists. After completion of the procedure, patients 
were observed for 4 hours. If well, they were discharged on a 
clear fluid diet overnight. For patients who had their antithrom-
botic therapy withheld prior to EMR, they were instructed to 
recommence after 48 hours. Post-procedure care was identical 
for both treatment arms.

Clinical follow-up and endoscopic surveillance
At 14 days, all patients irrespective of intervention received 
were contacted by a study coordinator and underwent a 
structured telephone interview to identify periprocedural 
adverse events. Medical records were also interrogated to 
identify readmission for adverse events and record subsequent 
management. Patients and investigators were not blinded to 
the intervention received as this was documented on proce-
dural reports.

The first surveillance colonoscopy (SC1) was performed 
6 months following index resection and scars optically evalu-
ated under high-definition white-light and NBI with meticulous 
photo documentation. Proceduralists were not blinded to the 
intervention received during scar examination. Biopsies were 
subsequently taken of bland scars to confirm the absence of 
recurrence. Residual or recurrent adenoma (RRA) when iden-
tified, was treated with either hot snare excision or cold biopsy 
forcep avulsion with adjuvant STSC (CAST).34 Bland scar biop-
sies and resected recurrence specimens were reviewed by pathol-
ogists blinded to the intervention received.
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Study definitions and endpoints
Baseline patient demographics were collected including age, 
gender and American Society of Anaesthesiologists (ASA) clas-
sification. LNPCPs characteristics included Paris classification, 
surface granularity (granular vs non-granular), size, location and 
histopathological diagnosis. Intraprocedural data was recorded 
including adverse events. IPB was defined as oozing or spurting 
blood loss for >60 s, not responding to water jet irrigation 
and requiring either STSC, coagulation forceps or mechanical 
haemostasis. Significant DMI was defined as grade II–V.

The primary outcome was endoscopically visible and/or histo-
logically confirmed RRA identified in the EMR scar at SC1. 
Secondary outcomes included technical success and adverse 
events of CSPEB and delayed perforation. CSPEB was defined 
as any bleeding that occurred after the procedure with either a 
haemoglobin drop ≥2 g/dL, hospital admission or re- interven-
tion (endoscopy, angiography, surgery) within 14 days. Delayed 
perforation was defined as the clinical syndrome of pain after 
EMR with imaging or surgical evidence of full-thickness injury 
to the colorectal wall.

Statistical analysis
Initial sample size calculations used recurrence rates of 7% in 
conventional EMR versus 14% for C-EMR. Using a two-sided 
alpha of 0.05 and power of 80%, the sample size initially 
required was 300 lesions in each arm. Following the study 
commencement, real-world recurrence data from our centre was 
published demonstrating an RRA of 1.4%.11 Sample size calcu-
lations were subsequently adjusted to reflect recurrence rates 
of 2% in conventional EMR. Using a two-sided alpha of 0.05 
and power of 80%, a reduced sample size of 79 lesions in each 
arm was calculated. An additional ~10% of cases were added to 
account for patient dropout during the study period.

Jamovi V.2.3.19 statistics software was used for statistical 
analyses. Two-tailed tests with a significance level of 5% were 
used throughout. Continuous variables were summarised as 
mean with SD or median with IQR of 25–75%. Categorical 
variables were described using frequencies. The primary analysis 

used intention-to-treat (ITT) principles with outcomes anal-
ysed for all patients based on the treatment arm to which they 
were randomised. Per-protocol (PP) analysis was also conducted 
which considered patients who adhered to the study protocol. 
Patients who failed to complete surveillance procedures or 
underwent crossover were excluded from recurrence analysis. 
Crossover cases were excluded from adverse event analysis 
where applicable.

Primary and secondary outcomes were expressed as absolute 
and relative risks with 95% CIs and compared using χ2 tests as 
appropriate. Due to the low event rate, multivariate regression 
analysis was not sufficiently powered to identify predictors of 
RRA.

RESULTS
Cohort characteristics
A total of 920 LNPCPs were referred for endoscopic resec-
tion over 46 months between November 2019 and September 
2023. The COVID-19 pandemic impacted LNPCP referral 
and recruitment from March 2020 to October 2021. In 23 
cases endoscopic resection was not attempted due to suspected 
deep submucosal invasive cancer or technical reasons. 94 cases 
underwent Endoscopic Submucosal Dissection (ESD) as part of 
a selective colorectal ESD algorithm and 122 serrated lesions 
were excluded. Patients with multiple eligible lesions had a single 
lesion randomised with additional LNPCP resections excluded 
from the study. In the remaining cohort of LNPCPs the majority 
were excluded based on morphology or due to size and loca-
tion criteria. 180 LNPCPs met eligibility criteria in accordance 
with the study protocol. Three patients were inappropriately 
randomised on two occasions and these lesions were excluded. 
87 lesions were randomised to the C-EMR arm and 90 to the 
H-EMR arm in 177 patients (figure 2). The mean patient age 
was 68±9.99 with 53.1% men and 81.3% ASA Class II. The 
median lesion size was 30 mm (IQR 25–35 mm) with a predom-
inant granular (55.4%) Paris 0-IIa morphology (94.9%). The 
majority (64.4%) of the lesions were located in the ascending 

Figure 1  Wide margin cold endoscopic mucosal resection technique for adenomatous large non-pedunculated colon polyps.
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colon/caecum. Baseline characteristics between treatment arms 
are summarised in table 1.

TECHNICAL SUCCESS
Technical success was equivalent with no significant difference 
between treatment arms (C-EMR 86/87 (98.9%) vs H-EMR 
90/90 (100%); p=0.31) (table  2). A single C-EMR proce-
dure performed on a 40 mm, granular Paris 0-IIa, caecal lesion 
required crossover to H-EMR due to unexpected submucosal 
fibrosis.

Recurrence at first surveillance colonoscopy
147 LNPCPs undertook SC1 (77 C-EMR, 70 H-EMR). In 
the C-EMR arm, four patients were ineligible for surveillance 
colonoscopy, two due to unexpected synchronous cancers and 
two for new significant comorbidities. In the H-EMR arm five 
patients were ineligible for surveillance or follow-up postponed 
due to comorbidities, two patients underwent surgery for unex-
pected early but non-curative submucosal invasive cancer in 
the resected specimen and one patient required surgery for a 
delayed perforation. Two patients in the H-EMR cohort died 
prior to undertaking surveillance due to conditions unrelated to 
the EMR procedure (cerebral malignancy and neurodegenera-
tive disease). Of those patients eligible for surveillance, six were 
lost to follow-up (three C-EMR arm, three H-EMR arm). Four 
patients declined/cancelled follow-up surveillance procedures 
(one C-EMR arm, three H-EMR arm).

On ITT analysis, recurrence was significantly greater in the 
C-EMR arm 16/87 (18.4%) compared with the H-EMR arm 1/90 
(1.1%) relative risk (RR) 16.6, 95% CI 2.24 to 122; p<0.001) 
(table  2). PP analysis was also conducted to analyse patients 
with completed surveillance and exclusion of crossover cases. 
Rates were higher, with recurrence in C-EMR in 16/76 (21.1%) 
compared with 1/70 (1.4%) in the H-EMR arm (p<0.001). All 
recurrences were diminutive and successfully treated endoscopi-
cally with no complications.

C-EMR recurrences occurred in lesions that were predomi-
nately caecal location (7/16 (43.7%)) with a granular (11/16 
68.7%) Paris 0-IIa (100%) morphology (table 3). The median 
lesion size was 35 mm (IQR 30–40 mm).

Clip closure, DMI and bleeding
Clip closure was performed as per standard practice in 40 
cases (1 C-EMR arm, 39 H-EMR arm). Indications for clip-
ping included significant DMI (II–V), persistent intraproce-
dural bleeding or patients deemed high risk for CSPEB based on 
defined predictors.18

An isolated case of persistent intraprocedural bleeding in the 
C-EMR arm was successfully treated with clip closure. Intrap-
rocedural bleeding was significantly greater in the H-EMR arm 
(12/90 (13.3%)) compared with the C-EMR arm (1/87 (1.1%); 
p=0.002). Haemostasis was achieved in the H-EMR arm with 
STSC (9/12, 75%), coagulation forceps (2/12, 16.7%) and clip 
closure (1/12, 8.3%).

Figure 2  Study enrolment flow diagram. EMR, endoscopic mucosal resection; ITT, intention to treat; LNPCP, large non-pedunculated colorectal 
polyp; PP, per-protocol; SC1, first surveillance colonoscopy.
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Significant DMI (II–V) was only encountered in the H-EMR 
arm (27/90 (30%) vs 0; p<0.001). All 27 cases were appro-
priately closed with endoscopic clips. The majority were DMI 

Type II (23/27, 85.2%) with 1/27 (3.7%) Type III DMI and 3/27 
(11.1%) Type IV.15

CSPEB was greater in the H-EMR arm on ITT analysis (7/90 
(7.8%) vs 1/87 (1.1%); RR 6.77, 95% CI 0.85 to 53.9; p=0.034 
(table  2). 11 cases of clip closure in the H-EMR arm were 
performed for bleeding prophylaxis based on individual patient 
risk. 3/7 cases of CSPEB in the H-EMR arm were clipped intrap-
rocedurally for DMI Type II (2/3) and IPB (1/3). One case of 
CSPEB occurred in a patient who had multiple lesions resected 
within a single clinical encounter. Both C-EMR as part of the 
study as well as a standard H-EMR for a synchronous LNPCP 
was conducted. A repeat colonoscopy was not required in this 
case and as such the culprit defect was not identifiable. Exclusion 
of this case was performed in the PP analysis which remained 
significant (7/90 (7.8%) H-EMR vs 1/85 (1.2%) C-EMR; 
p=0.037).

Delayed perforation only occurred in the H-EMR group with 
an isolated case managed with surgical resection. No signifi-
cant difference was identified in ITT analysis (1/90 (1.1%) vs 0; 
p=0.32 (table 2).

DISCUSSION
H-EMR is effective for the management of LNPCPs with recur-
rence an infrequent finding since the introduction of MTA.10–12 
Electrocautery-driven post-procedural adverse events remain 
problematic and may incur significant morbidity. CSP demon-
strates superior safety for diminutive polyps and serrated lesions, 
however its application to LNPCPs lacks high-quality evidence. 
This randomised trial has evaluated the safety and effectiveness 
of C-EMR in the resection of adenomatous LNPCPs.

Post-procedural bleeding and perforation may incur signifi-
cant morbidity and are a limitation of conventional H-EMR for 
LNPCPs. A prospective series of 1172 patients identified CSPEB 
in 6.2% of cases with proximal colon rates of 10–12%.18 More 
than 40% of CSPEB cases require repeat colonoscopy with 37% 
necessitating endoscopic haemostasis.13 Prophylactic defect 
closure in the right colon has recently been demonstrated to 
be an effective measure for the prevention of CSPEB. A meta-
analysis of four randomised trials demonstrated CSPEB in 3.5% 
of clipped versus 9.0% of unclipped EMR defects.22 While 
uncommon, delayed perforation is a complication requiring 
emergent surgical treatment with significant postoperative 
morbidity and potential mortality.9 15–17 35 Recognition and 
closure of DMI, however, has made delayed perforation a largely 

Table 1  Baseline characteristics of the study cohort

Active arm (cold)=87 Control arm (hot)=90

Age (SD) 69.1±9.88 67.3±10.1

Gender

 � Male 43 (49.4%) 51 (56.7%)

 � Female 44 (50.6%) 39 (43.3%)

ASA*

 � I 7 (8.1%) 9 (10%)

 � II 71 (82.6%) 72 (80%)

 � III 8 (9.3%) 9 (10%)

 � Size (mm) IQR 30 (25–38) 30 (25–35)

Location

 � Rectum 3 (3.4%) 3 (3.3%)

 � Sigmoid 0 3 (3.3%)

 � Descending 0 6 (6.7%)

 � Transverse 25 (28.7%) 23 (25.6%)

 � Ascending 24 (27.6%) 24 (26.7%)

 � Caecum 35 (40.2%) 31 (34.4%)

Paris classification

 � 0-Is 0 2 (2.2%)

 � 0-IIa/IIb 83 (95.4%) 85 (94.4%)

 � 0-IIa+Is 4 (4.6%) 3 (3.3%)

Morphology

 � Granular 46 (52.9%) 52 (57.8%)

 � Non-granular 37 (42.5%) 36 (40%)

 � Mixed 4 (4.6%) 2 (2.2%)

Histology*

 � Low-grade dysplasia 78 (91.8%) 77 (85.6%)

 � High-grade dysplasia 7 (8.2%) 11 (12.2%)

 � SMIC 0 2 (2.2%)

 � Successful EMR 86 (98.9%) 90 (100%)

 � IPB 1 (1.1%) 12 (13.3%)

DMI

 � I 0 2 (2.2%)

 � II 0 23 (25.6%)

 � III 0 1 (1.1%)

 � IV 0 3 (3.3%)

 � Clip closure 1 (1.1%) 39 (43.3%)

 � Anticoagulant use* 19 (22.1%) 15 (16.7%)

*Missing data: 1 ASA, 1 anticoagulation, 2 inadequate histology sample.
ASA, American Society of Anaesthesiologists Classification; DMI, deep mural 
injury; EMR, endoscopic mucosal resection; IPB, intraprocedural bleeding; SMIC, 
submucosal invasive cancer.

Table 2  Primary and secondary outcome measures with intention to 
treat analysis

Active arm 
(cold)=87

Control arm 
(hot)=90 P value

Recurrence 16 (18.4%) 1 (1.1%) p<0.001

Clinically significant post-EMR bleeding 1 (1.1%) 7 (7.8%) p=0.034

Delayed perforation 0% 1 (1.1%) p=0.32

Technical success 86 (98.9%) 90 (100%) p=0.31

EMR, endoscopic mucosal resection.

Table 3  Lesion characteristics of cold snare endoscopic mucosal 
resection recurrences

Characteristics N=16 (%)

Size (median; IQR) 35 mm (30–40 mm)

Location

 � Transverse 5 (31.3%)

 � Ascending 4 (25%)

 � Caecum 7 (43.7%)

Paris 0-IIa 16 (100%)

Morphology

 � Granular 11 (68.7%)

 � Non-granular 5 (31.3%)

High-grade dysplasia 1 (6.3%)

IPB 1 (6.3%)

DMI 0 (0%)

DMI, deep mural injury; IPB, intraprocedural bleeding.
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preventable complication.15 17 H-EMR adverse events are largely 
driven by electrocautery-induced deep thermal tissue injury.36 37 
In a study of 193 polypectomy specimens, the submucosal resec-
tion depth with hot snares was 338 µm. In contrast, cold snare 
resection was shallower (76 µm), with resection layers residing in 
the submucosa in 9% of cases compared with 92% for hot snare 
resection (p<0.001).38 39

In the absence of electrocautery, for polyps <15 mm in 
size, CSP is highly effective with minimal adverse events. A 
non-inferiority trial examining complete resection rate (CRR) 
demonstrated 98.2% CRR for CSP compared with 97.4% for 
hot snare (non-inferiority p<0.0001).24 With optimal cold snare 
technique, incomplete resection rates are 1.5% with no adverse 
event rates. This was demonstrated in an international multi-
centre randomised trial of 660 patients.23 CSP is consequently 
the standard of care for small polyps with increasing application 
to larger lesions.

Large, non-dysplastic serrated polyps are safely and effec-
tively resected with cold snare resection. A prospective series 
of C-EMR in 163 large SSLs demonstrated residual polyp in 
one case with no CSPEB.26 Similar findings were reported in a 
prospective series of 41 SSLs with no reported cases of CSPEB or 
recurrence.27 A comparative study for 562 large, serrated lesions 
found no adverse events with C-EMR with significantly greater 
frequency of CSPEB and DMI with H-EMR (5.1% and 3.4% 
respectively). No significant difference was noted for recurrence 
(4.3% vs 4.6%).28

In contrast to serrated lesions, C-EMR of adenomatous 
LNPCPs remains under investigation, with data limited to 
observational studies. A meta-analysis of eight studies and 522 
polyps reported postprocedural bleeding in 0.5% (95% CI 
0.1% to 1.2%) with no perforations. However, pooled residual 
rates in adenomas were 11.1% (95% CI 4.1% to 18.1%) which 
increased to 22% in the subgroup of polyps over 20 mm in size.40 
Other retrospective series have reported recurrence rates of 
11–34% which increment with growing LNPCP size.41 42

This randomised trial has confirmed C-EMR as a technically 
successful technique for flat adenomatous LNPCPs with signifi-
cantly reduced rates of delayed bleeding. Within the C-EMR 
arm, CSPEB was present in 1/87 (1.1%) patients compared with 
7/90 (7.8%) in the H-EMR arm (RR 6.77, 95% CI 0.85 to 53.9; 
p=0.034). Anticoagulation was withheld periprocedurally across 
both treatment arms with higher anticoagulant use in the C-EMR 
cohort (22.1% vs 16.7%). Of the seven cases in the H-EMR 
arm, four (57.1%) required repeat colonoscopy for endoscopic 
haemostasis and an additional case received angioembolisation. 
Three cases were on anticoagulation which was appropriately 
withheld perioperatively. The single case of CSPEB in the C-EMR 
arm was on aspirin monotherapy and was managed conserva-
tively. We recognise that during the study period, prophylactic 
clip closure of right colon H-EMR defects became standard of 
care following multiple studies demonstrating a reduction in 
CSPEB.19–21 To minimise bias, this practice was not universally 
adopted, with clip closure performed for significant DMI (II–V), 
intraprocedural bleeding or risk factors for delayed CSPEB (as 
was standard practice at trial inception). Clip closure was used 
for 40 cases (1/40 C-EMR arm, 39/40 H-EMR arm) with 11/39 
H-EMR closures performed for bleeding prophylaxis. We recog-
nise such practices may have lowered the prevalence of CSPEB 
in the H-EMR cohort and masked an even larger difference in 
delayed bleeding between treatment arms.

Delayed perforation was rare in this study with only one 
case in the H-EMR arm 1/90 (1.1%) vs 0; p=0.32). This lesion 
demonstrated type II DMI which was prophylactically clipped. 

Within 24 hours postprocedure the patient re-presented with 
abdominal pain and radiological evidence of localised perfora-
tion. Following the failure of conservative management, a lapa-
rotomy and right hemicolectomy were conducted. The patient 
was discharged after a 16-day admission.

Adverse events were a secondary outcome of this study and 
therefore lacked sufficient power to draw strong conclusions. 
However, it is established that adverse events in H-EMR are 
largely preventable and occur in <5% of cases.17 19–22 For 
delayed perforation, prevalence is already known to be <1% for 
both hot and cold snare resection.17 23 28 Therefore to establish 
whether cold EMR protects against delayed perforation would 
require sample sizes of greater than 1000 lesions in each arm 
which is logistically impossible. In contrast, recurrence imposes a 
heavy procedural burden on patients and health services to facil-
itate endoscopic treatment. Occurring at rates exceeding 20% 
in observational studies, we identified recurrence as the major 
limitation of the cold EMR technique and consequently made 
this our primary outcome measure.40–42

Despite its safety, this study has demonstrated endoscopic 
recurrence to be significantly greater with C-EMR and a limita-
tion of the technique. Historically conventional H-EMR was 
limited by recurrence rates exceeding 13% (13.8%, 95% CI 
12.9% to 14.7%).9 While endoscopically treatable, this was at 
the cost of an increased procedural burden.34 MTA has been 
transformative to H-EMR practice, with recurrence in <5% 
of cases.10–12 This trial had only one case of recurrence in the 
H-EMR arm, in keeping with previous studies. On ITT anal-
ysis C-EMR had substantially more recurrence, 16/87 (18.4%) 
compared with H-EMR 1/90 (1.1%) (RR 16.6, 95% CI 2.24 
to 122; p<0.001). All recurrence was diminutive and managed 
readily endoscopically.

Before the introduction of MTA in conventional EMR, LNPCP 
size ≥40 mm, IPB and high-grade dysplasia were identified as 
independent predictors of recurrence.43 While there were not 
enough recurrence events to power a multivariate analysis in this 
study, there is indications that similar predictors are present in 
the C-EMR cohort. Recurrence was predominately observed in 
larger LNPCPs with 13/16 cases ≥30 mm in size. Furthermore, 
while C-EMR did not demonstrate significant IPB requiring 
adjuvant haemostasis techniques, compared with H-EMR, mild 
venous ooze is consistently observed which interferes with defect 
visualisation and accurate characterisation of resection margins.

The success of MTA in H-EMR suggests recurrence is a conse-
quence of microscopic adenoma within peripheral margins. 
Previously, no significant difference has been demonstrated in 
specimen muscularis mucosa for both CSP and hot snare polyp-
ectomy (96% vs 92%; p=0.603).44 CSP however, frequently 
demonstrates incomplete resection at defect margins within 
biopsy specimens.24 25 45 Whether MTA will be as effective in 
C-EMR is unknown and a focus for future studies.

The findings of this study emphasise that despite C-EMR 
demonstrating infrequent adverse events, recurrence is 
significantly greater compared with conventional H-EMR. 
C-EMR may be considered for individual cases where 
adverse events are unacceptable including, medical comor-
bidities, geographical isolation or anticoagulation use. 
Superior safety however does not justify universal implemen-
tation of the technique. A recent economic study comparing 
C-EMR versus H-EMR suggests the safety of C-EMR posi-
tions it as the more cost-effective modality.46 However there 
were several limitations to this study, the cost difference 
was largely driven by the absence of routine prophylactic 
clip-closure with C-EMR. In contrast to the recommended 
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practice, all H-EMR procedures underwent defect closure 
for bleeding prophylaxis and surveillance colonoscopy was 
not increased if recurrence was detected. Further economic 
analyses with accurate C-EMR data are required to defini-
tively understand the financial impact of this technique.

This study is not without limitations. First, the trial was 
conducted at a tertiary centre with expert endoscopists 
trained in endoscopic resection. Our recurrence rates for 
H-EMR may not be reproducible within other Western 
centres, with recent rates of 3–5% reported in large multi-
centre studies.12 47 These findings bear consideration when 
powering comparable trials outside of our centre. Second, 
routine biopsy of recurrence-free scars was conducted in 
under 80% of cases. However, contemporary data demon-
strates the negative predictive value of optical evaluation 
of a bland scar exceeds 95%, and consequently, the 2024 
European Society of Gastrointestinal Endoscopy guide-
line recommends against scar biopsy.2 48–50 Proceduralists 
were not blinded to original therapy and this is a limita-
tion, however, histopathologists were blinded. Finally, the 
single-centre study design and small numbers made subgroup 
analysis challenging. Future large multicentre studies exam-
ining predictors of recurrence and long-term surveillance 
outcomes are required to guide lesion selection and appro-
priate surveillance intervals for C-EMR.

LNPCPs with a large Paris 0-Is component and locations 
of ICV, AO and ARJ were excluded from this study. Bulky 
lesions are less likely to be effectively transected without 
electrocautery and the ICV, AO and ARJ represent unique 
locations with individual technical challenges and recurrence 
rates.

In conclusion, compared with H-EMR, C-EMR for flat, 
adenomatous LNPCPs of 15–50 mm, demonstrates superior 
safety with equivalent technical success. However, endo-
scopic recurrence for C-EMR is of the order of 18% and 
this remains a significant limitation of the technique. Refine-
ments in the C-EMR technique are required to reduce the 
risk of recurrence and gain a better understanding of lesions 
most amenable to C-EMR.
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ABSTRACT

Background Cold snare polypectomy (CSP) is safer than

and equally efficacious as hot snare polypectomy (HSP) for

the removal of small (<10mm) colorectal polyps. The max-

imum polyp size that can be effectively managed by piece-

meal CSP (p-CSP) without an excessive burden of recur-

rence is unknown.

Methods Resection error risks (RERs), defined as the esti-

mated likelihood of incomplete removal of adenomatous

tissue for a single snare resection pass, for CSP and HSP

were calculated, based on an incomplete resection rate.

Polyp area, snare size, estimated number of resections,

and optimal resection defect area were modeled. Overall
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GGeometry of cold snare polypectomy and risk of incomplete resection

RIR = 1 – (1 – RER)n

RIR, risk of incomplete resection; RER, resection error risk; 
n, number of snare resections.

Polyp area increases quadratically with increasing polyp radius.

Resection error risk (RER) is assumed constant for given snare type and size.

Risk of incomplete resection (RIR) increases with the number of snare resections.

Mathematical modeling study
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Introduction
Colorectal cancer (CRC) is the third most common cancer world-
wide [1]. Themajority of tumors arise from colorectal polyps and
colonoscopy exerts its beneficial effect by polypectomy [2]. Ide-
ally polypectomy should be safe, efficient, cost-effective and
curative. Recurrence occurs due to incomplete resection which
compromises clinical outcomes and increases cost.

The overwhelming majority of colonic polyps are less than
10mm and are safely and effectively managed with en bloc or
oligo-piecemeal cold snare polypectomy. The absence of elec-
trocautery all but eliminates the risks of perforation and post-
polypectomy bleeding [3]. This safety and simplicity holds ap-
peal for resection of larger lesions. While these have tradition-
ally been removed by hot snare endoscopic mucosal resection
(EMR), the use of diathermy carries with it a small but signifi-
cant risk of perforation and delayed bleeding [4, 5].

The upper limit of lesion size where piecemeal cold snare po-
lypectomy (p-CSP) remains clinically effective, without exces-
sive and burdensome recurrence rates, is currently unknown.
We undertook a modelling study to address this important
question.

Methods
Incomplete resection rates for hot snare polypectomy (HSP)
and CSP were determined after a review of relevant literature.
A formal systematic review with a comprehensive electronic
search strategy was not employed. Rather, targeted literature
searches were conducted for publications available up to 1st
June 2022. The PubMed database was searched using the fol-
lowing terms: “cold snare” AND polypectomy AND incomplete
(n =36); “cold snare” AND polypectomy AND residual (n =37).”

There were no restrictions on the type of publication and no
restriction on study size. Language was limited to English. Data
extracted included: author, journal, year of publication, polyp
size, injectate used, study size, and rate of incomplete resection
(Table 1s, available online-only in Supplementary material).

There is a paucity of data for incomplete resection rates, par-
ticularly for piecemeal p-CSP. The data does include a recent
large multicenter trial (n = 1393) which reported an incomplete
resection rate of 1.5% for polyps ≤10mm [6]. However, there is
little data reporting the incomplete resection rate using p-CSP
for polyps >20mm. Given the scarcity of relevant studies, a rea-
sonable surrogate measure was taken from the CARE study [7];
this reported an incomplete resection rate of 17.3% for polyps

10–20mm (n =110). This may underestimate the actual incom-
plete resection rate for p-CSP given that this study used HSP [7].

Snare size and shape

A 10-mm snare was assumed for CSP modelling. Resection pie-
ces vary between 6 and 8mm in diameter [8]. A 15-mm snare
was assumed for HSP, with a resection diameter of 15mm. The
snare shape has been assumed to be circular, as a surrogate for
the true slightly elliptical shape of a snare.

Resection error risk

Resection error risk (RER) is defined as the likelihood of incom-
plete removal of adenomatous tissue per snare resection. This
constant risk applies to each individual snare resection during
piecemeal EMR and thus the overall risk accumulates with each
sequential resection. Based on a 20-mm polyp area with a 3-
mm margin of normal tissue (530.93mm2), the number of p-
CSP resections assuming 8-mm resection pieces (area
50.26mm2) is 10.56. This is supported by the “disc covering
problem” which estimates the smallest number of smaller discs
required to cover a larger disc [9]. Clinically, this equates to 10
or 11 sequential snare resections. Dividing 17.3%, the incom-
plete resection rate from the literature, by the number of se-
quential snares (10 or 11) the p-CSP RER is estimated at
1.57%–1.73%.

HSP has evolved with advances such as thermal ablation of
the defect margin which have greatly reduced recurrence rates
[10, 11]. The incomplete resection rate with HSP is also likely to
be lower due to the tissue destruction from the thermal pe-
numbra of the hot snare. However, conservatively, based on
the study by Pohl et al., it is reasonable to assume an incom-
plete resection rate of 17.3% for 20-mm polyps [7]. A 20-mm
polyp resected with a 15-mm hot snare, with 15-mm resection
pieces would require 10 resections. RER for HSP is estimated at
1.73%.

Incomplete resection risk equation

The overall risk of incomplete resection (RIR) = 1 – (1 – RER)n,
where n is the total number of resections required. This dynam-
ic equation estimates the cumulative risk of missed adenoma
with each piecemeal snare resection.

Data analyses

Polyp area, snare area, and defect area were estimated using
area =πr2 , where r was the radius. A 3-mm edge of normal tis-
sue was added to the resection size, irrespective of polyp size.

risk of incomplete resection (RIR) was defined as RIR =1 –

(1–p)n, where p is the RER and n the number of resections.

Results A 40-mm polyp has a four times greater area than

a 20-mm polyp (314.16mm2 vs. 1256.64mm2), and re-

quires three times more resections (11 vs. 33, respectively,

assuming 8-mm piecemeal resection pieces for p-CSP). RIRs

for a 40-mm polyp by HSP and p-CSP were 15.1%–23% and

40.74%–60.60% respectively.

Conclusion RER is more important with p-CSP than with

HSP. The number of resections, n, and consequently RIR in-

creases with increasing polyp size. Given the overwhelming

safety of CSP, specific techniques to minimize the RER

should be studied and developed.
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RER has been assumed as constant with each resection. Data
were computed and graphically illustrated using Mathematica
12.3.1 (Wolfram Research) by a mathematician with expertise
in mathematical modeling.

Results
Polyp area

Polyp area increases quadratically with increasing polyp radius
(▶Fig. 1). For example, the areas of a 5-mm, 10-mm, and 20-
mm polyp are 19.6mm2, 78.5mm2, and 314.2mm2, respective-
ly (▶Table 1, Fig. 2, ▶Fig. 3). This difference is further empha-
sized when comparing a 30-mm and 40-mm polyp which have
areas of 706.9mm2 and 1256.6mm2 respectively. With the ad-

dition of a 3-mm margin of normal tissue, the area difference
between a 10-mm and 20-mm polyp is 329.9mm2 (2.6 times
larger).

Resection number

Resection number is influenced by polyp area and sequential
resection area (▶Table 1). A 20-mm polyp (with a 3-mm mar-
gin of normal tissue) removed by p-CSP, would requires 18.8
or 10.6 resections, using piecemeal resection sizes of 6-mm or
8-mm diameter, respectively.

Risk of incomplete resection (RIR)

RIR is directly proportional to the number of resections, influ-
enced by polyp size and snare area. The predicted RIRs for a
20-mm versus 40-mm polyp removed by p-CSP with a 6-mm re-
section piece size are 25.7% and 60.6% respectively. The predic-
ted risks of incomplete resection for a 20-mm versus 40-mm
polyp removed by p-CSP with an 8-mm resection piece size are
15.4% and 40.7%, respectively (▶Table 1, Fig. 1).

Discussion
It has been shown that p-CSP is safer than HSP. However, anec-
dotally for adenomas recurrence seems to be excessive. We un-
dertook a mathematical modeling study to better understand
the size at which recurrence from p-CSP might become particu-
larly burdensome. Data are scarce for the rates of incomplete
resection for piecemeal CSP and HSP. After extensive review of
the literature, we used contemporary data from the highest
quality publications to inform our model. The RIR using p-CSP
for polyps >20mm in size and 6-mm resection pieces was
25.7%. The corresponding value with 8-mm resection pieces
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▶ Fig. 1 Risk of incomplete resection (RIR). A mathematical model
demonstrating the RIR with cold snare polypectomy and hot snare
polypectomy for increasing polyp size.

▶ Table 1 Mathematical modelling of risk of incomplete resection (RIR) for hot and cold and hot snare polypectomy. Polyp area, based on polyp and
defect area, resection error risk (RER), and number and size of resections.

Polyp diameter,mm

5 10 15 20 25 30 35 40

Polyp area,mm2 19.63 78.54 176.71 314.16 490.87 706.86 962.11 1256.64

Defect area,mm2 95.03 201.06 346.36 530.93 754.77 1017.88 1320.25 1661.90

6-mm resections

Number of resections 3.36 7.11 12.25 18.78 26.70 36.00 46.70 58.79

Risk of incomplete resection
(RER 1.57%)

5.20% 10.60% 17.60% 25.70% 34.50% 43.40% 52.20% 60.60%

8-mm resections

Number of resections 1.89 4.00 6.89 10.56 15.01 20.25 26.26 33.06

Risk of incomplete resection
(RER 1.73%)

2.95% 6.13% 10.33% 15.39% 21.14% 27.42% 34.00% 40.74%

Hot snare resections (15-mm)

Number of resections 0.54 1.14 1.96 3.00 4.27 5.76 7.47 9.40

Risk of incomplete resection
(RER 1.73%)

0.94% 1.97% 3.36% 5.10% 7.18% 9.56% 12.22% 15.13%
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▶ Fig. 2 Cold snare polypectomy for Paris 0-IIa polyp <10mm. a 3-mm Paris 0-IIa colorectal adenoma. b En bloc R0 excision with thin-wire
cold snare. Note wide margin of normal mucosa with snare placement. c The halo effect with blanching of the surrounding mucosa and hyper-
emia of the adenoma. d Post-excision halo effect. e Water expansion of the defect. f Careful inspection of margin.

▶ Fig. 3 Piecemeal cold snare polypectomy for Paris 0-IIa lesion >20mm. a–c Laterally spreading lesion, >20mm, examined with high definition
white-light and narrow-band imaging. d Lesion after submucosal injection. e Piecemeal cold snare excision. f Careful inspection of the post-
resection defect margin.
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was 15.4% and comparable to the pre-thermal ablation recur-
rence rates prior to thermal ablation of the margin. However,
as size increased RIR for p-CSP became excessive at >40% for le-
sions ≥40mm.

The risk profile of CSP is clearly advantageous. Delayed
bleeding and perforation are extremely rare events. The mitiga-
tion of bleeding risk is also very appealing in an era where antic-
oagulant and antiplatelet agents are common. The safety pro-
file of CSP has been demonstrated in a large retrospective study
(n =562) that compared conventional EMR to p-CSP for resec-
tion of large ≥20-mm sessile serrated lesions [12]. There were
no adverse events reported in the p-CSP group compared to
delayed bleeding and significant deep mural injury (Sydney
classification type 3–5) [4] in the EMR group of 5.1% (n =18)
and 3.4% (n=12) respectively. In both groups technical success
was 100% and recurrence at 18 months was similarly low at <2%
[12].

Paradoxically, despite the excellent safety profile of p-CSP,
there is a hesitancy to resect wide margins of normal tissue
and this potentially leads to higher recurrence rates. Without
meticulous attention to ensure overlapping of sequential
snares, there is a risk of incomplete resection with each snare
resection. Each pass with the snare wire carries a small but cu-
mulative error risk. The risk becomes unacceptably high when
removing ever-larger lesions. In this study, the RIR for a 40-
mm polyp was >40% with an 8-mm resection piece size and
>60% with a 6-mm resection size.

Using modeling we have demonstrated that as lesion size in-
creases, the risk of incomplete resection disproportionately in-
creases and becomes potentially unacceptably high at >40% for
lesions 40mm. This indicates that current techniques or devi-
ces are inadequate to manage larger lesions in this way.

There is a lack of literature that assesses the natural history
of incompletely resected adenomas. Approximately one-third
of post-colonoscopy CRCs are found within the same colorectal
segment where the adenoma was resected suggesting that
these could be a result of incomplete resection [13]. Pohl et
al.’s 2021 study (n =233) demonstrated a greater risk for neo-
plastic polyps in colon segments after incomplete polyp resec-
tion compared to segments with a prior complete resection
(odds ratio 3.0, 95%CI 1.12–8.17] [14]. There is also no guaran-
tee that these patients will comply with a surveillance program
or that the polypectomy site will be found during surveillance
procedures. Moreover the financial burden of surveillance is
significant.

In contrast to HSP, p-CSP relies purely on a wide resection
margin and sequential snare resection overlap to prevent recur-
rence. Key factors in reducing recurrence rates include resect-
ing a 2–3-mm margin of normal tissue and meticulous post-re-
section examination of the p-CSP defect [12, 15]. Although
thin-wire snares (0.30mm) have been developed for CSP, in an
international multicenter randomized controlled trial (n =1393)
the rate of incomplete polyp resection was similar to that with
use of a thick-wire snare (0.47mm). There was only a single
case of post-endoscopy bleeding; this was seen in the thin-
wire snare group [6]. Although high quality technique is critical
for optimizing outcomes, further reductions in RER are likely to

be driven by advances in device design. Intraprocedural bleed-
ing has also been identified as an independent risk factor for re-
currence [16, 17]. In comparison to HSP, intraprocedural bleed-
ing is more frequent when using CSP. Therefore we suggest the
use of dilute adrenaline 1:100000 added to the injectate to
minimize bleeding when performing p-CSP for lesions >20mm.

Preventing recurrence is important for several reasons. Due
to the fibrosis typically encountered around a recurrent polyp,
resection is more challenging [18]. This increases the risk of
complications and resultant morbidity. Additional healthcare-
related costs are attributed to an often prolonged procedure
time to treat the recurrence, an increased risk of admission
post-procedure and the need for additional procedures for on-
going surveillance. All of this assumes that the patient is adher-
ent to the management plan and is not lost to follow-up.Hence,
techniques to reduce recurrence risk are essential.

The results of this study have several important clinical im-
plications. Piecemeal-CSP almost completely eliminates the
risk of post-procedural bleeding and perforation; however re-
currence is greatly increased in comparison to conventional
EMR. Lesion location, morphology, and predicted histology,
and patient frailty and comorbidities need to be factored into
the process of selecting the appropriate resection technique;
this ideally would minimize complications, achieve successful
lesion excision, and avoid burdensome surveillance. For exam-
ple, in the right colon, large nonpedunculated colonic polyps
≥20mm have a 10%–12% risk of post-procedural bleeding in
the absence of defect closure, but many of these lesions are
very large and defy current closure techniques. However the
risk of recurrence is also related to lesion size. These are some
of the factors that need to be borne in mind. These considera-
tions usher in a new approach to colonic tissue resection which
may become more individualized and bespoke.

This study has several limitations. Firstly, a targeted review
of the literature rather than a systematic review was employed
to estimate RER for our equation. We acknowledge this method
could have biased our model. However, our modelled RIRs are
consistent with recurrence rates reported in a recent systema-
tic review [19]. Abdallah et al. reported a recurrence rate of
12.3% (3.4%–35.7%) for polyps ≥20mm resected by p-CSP), de-
rived from 4 studies [12, 20, 21, 22]. Unfortunately, recurrence
rates for adenomas and SSLs were not reported separately. SSLs
are particularly suited to p-CSP due to their thin mucosal pro-
file, and therefore have a lower recurrence rate, compared to
adenomas. In particular, Van Hattem et al. included only SSLs
(n =562, 4.3%) [12]. The recurrence rate for adenomas ≥20
mm is therefore likely higher than concluded by Abdallah et al.
and more in line with our model.

Secondly, this model assumes that each resection is an inde-
pendent entity. In clinical practice however, each resection is
related in varying degrees, to the previous resections. This
model also does not account for snare overlap. Based on cur-
rent literature, accounting for this is not feasible. Thirdly, it
was assumed that polyp and snare shape are circular to make
calculation of area and number of resections more practicable.
This assumption probably underestimates the number of resec-
tions required to remove large noncircular lesions. Fourthly,
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technical challenges such as difficult access and intraprocedur-
al bleeding have not been accounted for but are likely to in-
crease the number of resections for a lesion of any given size.
Fifthly, the analysis was based on a very low incomplete resec-
tion rate, in procedures conducted by experts who had received
prior training, and it probably underestimates the true numeri-
cal value of RER. Other studies have reported a rate of incom-
plete resection of 8%–10%. Finally, during p-CSP re-excision of
suspicious areas may serve to reduce the rate of incomplete re-
section; to what extent this occurs and its efficacy is currently
unknown and not feasible to model.

Conclusions

It is important for any endoscopist undertaking p-CSP to have a
deep understanding of the fundamentals which underpin endo-
scopic resection technique. These include sound optical evalua-
tion skills and a willingness to resect a wide margin with meticu-
lous defect inspection and sequential snare overlap. This study
demonstrates that the benefits of p-CSP may begin to be
outweighed by the risk of incomplete resection for polyps >30–
40mm. Further research is needed to develop better tools to
minimize incomplete resection when using p-CSP, and to under-
stand the upper limit for p-CSP where its safety advantages be-
come outweighed by the burden of recurrence and its sequelae.
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ORIGINAL ARTICLE: Clinical Endoscopy

Comparison of the morphology and histopathology of large
nonpedunculated colorectal polyps in the rectum and colon:
implications for endoscopic treatment

Oliver Cronin, MBBS(Hons),1,2 Mayenaaz Sidhu, MBBS,1,2 Neal Shahidi, MD,1,2,3 Sunil Gupta, MD,1,2,4,5

Timothy O’Sullivan, MBBS,1,2 Anthony Whitfield, MBBS,1,2 Hunter Wang, MBBS,1,2 Puja Kumar, MD,1,2

Luke F. Hourigan, MBBS,4,5 Karen Byth, PhD,2 Nicholas G. Burgess, MBChB,1,2 Michael J. Bourke, MBBS1,2

Sydney, New South Wales; Brisbane, Queensland, Australia; Vancouver, British Columbia, Canada

Background and Aims: The risk of cancer in large nonpedunculated colorectal polyps �20 mm (LNPCPs) in the
rectum relative to the remainder of the colon is unknown. We aimed to describe differences between rectal and
colonic LNPCPs to better inform treatment decisions.

Methods: Patients with LNPCPs referred to tertiary centers for endoscopic resection within a prospective, multi-
center, observational cohort were evaluated. Data recorded were participant demographics, LNPCP location,
morphology, resection modality, and histopathologic data. Multiple logistic regression analysis was used to iden-
tify those variables independently associated with rectal versus nonrectal location in the colon.

Results: Patients with LNPCPs referred for endoscopic resection between July 2008 and July 2021 were included.
Rectal LNPCPs (n Z 618) were larger (median size, 40 mm vs 30 mm; P < .001) and more likely to be granular
(79% vs 50%, P < .001) with a nodular component (53% vs 17%, P < .001) compared with nonrectal LNPCPs (n Z
2787). Rectal LNPCPs were more likely to have tubulovillous histopathology (72% vs 47%, P < .001) and contain
cancer (15% vs 6%, P < .001). After adjusting for the other features independently associated with location, cancer
was more common in the rectum compared with the colon (odds ratio, 1.77; 95% confidence interval, 1.25-2.53).

Conclusions: This study suggests that compared with LNPCPs in the rest of the colon, rectal LNPCPs are more
likely to be larger and contain more advanced pathology. These findings have implications for curative endoscopic
resection techniques particularly where early cancer is present. (Clinical trial registration numbers: NCT01368289
and NCT02000141.) (Gastrointest Endosc 2022;96:118-24.)

Colorectal cancer is the thirdmost common cancer world-
wide, and the burden of disease is projected to increase by
60% by 2030.1-3 This underscores the importance of colonos-
copy in the early detectionof colorectal cancer and its preven-

tion through the removal of premalignant polyps.4,5 Large
nonpedunculated colorectal polyps �20 mm (LNPCPs) are
an important polyp subgroup because they are more likely
to harbor cancer and therefore require a multidisciplinary

Abbreviations: CI, confidence interval; ESD, endoscopic submucosal
dissection; LNPCP, large nonpedunculated colorectal polyp �20 mm;
SMIC, submucosal invasive cancer.
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approach between organ-sparing endoscopic resection tech-
niques and surgery.6

The primary objectives of endoscopic resection are to
achieve cure, minimize recurrence, ensure safety, avoid
surgery and its attendant comorbidity, and minimize un-
necessary costs. EMR is the favored technique in the colon
because of its excellent performance characteristics. With
site-specific technical modifications, EMR is also the
favored technique in parts of the colon that have tradition-
ally been more challenging for resection such as the ap-
pendiceal orifice and the ileocecal valve.7-9 However, a
universal EMR approach may not be appropriate, specif-
ically in the rectum. This is because of the ramifications
of piecemeal resection of malignant LNPCPs and the asso-
ciated morbidity, mortality, and risk of permanent ostomy
formation associated with distal colorectal surgery, which
in turn has stimulated the development and application
of en-bloc resection techniques such as endoscopic sub-
mucosal dissection (ESD) and transanal endoscopic
microsurgery.

Little is known about the differences between rectal
versus nonrectal LNPCPs. It is important to identify differ-
ences that may influence resection technique selection
and thereby impact both clinical outcomes and resource
utilization. This study quantifies the differences between
rectal and colonic LNPCPs to better inform current
practice.

METHODS

This article has been prepared in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology initiative.10,11 All authors had access to the
study data and reviewed and approved the final manuscript.

Australian Colonic Endoscopic Resection
cohort

The Australian Colonic Endoscopic Resection cohort
(clinicaltrials.gov identifiers: NCT01368289 and
NCT02000141) is a prospective, multicenter, observational
cohort of consecutive patients referred for the manage-
ment of LNPCPs �20 mm. Center-specific Institutional Re-
view Board approval is maintained at each center. Written
informed consent was obtained from each participant
before enrollment.

Between July 2008 and July 2021, consecutive partici-
pants were enrolled from 3 high-volume Australian Colonic
Endoscopic Resection sites (Westmead Hospital, Princess
Alexandra Hospital, and Greenslopes Hospital) in Australia.
All sites have an established tissue resection program that
includes EMR and ESD. All endoscopic procedures were
performed by 1 of 5 study investigators (accredited gastro-
enterologist with advanced training and an established ter-
tiary referral practice in colorectal endoscopic resection) or
a senior interventional endoscopy fellow under their direct

supervision. EMR was performed with a standardized tech-
nique that was modified over time as technical innovations
emerged.12-17

Histopathology evaluation
After endoscopic resection, specimens were collected

and processed for histopathology review in accordance
with the Australasian Gastrointestinal Pathology Society
guidelines.18 Histopathology review was completed by
expert GI pathologists at their respective sites. Cancer
was defined by neoplastic invasion into the submucosa.19

Data extraction and analysis
Prospectively collected data were patient characteristics

(age, sex, American Society of Anesthesiologists classifica-
tion), LNPCP characteristics (location, size, Paris classifica-
tion, surface granularity, Kudo pit pattern, submucosal
invasive cancer [SMIC], resection technique), and histopa-
thology evaluation.

Statistical analysis
SPSS version 27.0 (IBM Corp, Armonk, NY, USA) was

used for data analysis. The continuous variables of age
and lesion size are summarized as median (interquartile
range) after assessment of non-normality using the Sha-
piro-Wilk test. Categorical variables are summarized as fre-
quencies (%). Mann-Whitney tests were used to test for
differences in continuous distributions between groups,
whereas c2 tests (or exact permutation tests if required)
were used to test for association between categorical vari-
ables. All variables associated with lesion location (rectal vs
nonrectal) at the P < .1 level were considered as candidate
variables for inclusion in multivariable models. Multiple lo-
gistic regression with backward stepwise variable selection
was used to identify those candidate variables indepen-
dently associated with lesion location. Odds ratios with
95% confidence intervals (CIs) were used to quantify the
strength of association. All analyses were exploratory, and
2-tailed tests with a 5% significance level were used
throughout.

Patient and public involvement
Patients and the public were not involved in the design

and execution of this study.

RESULTS

Between July 2008 and July 2021, 3405 LNPCPs in 2984
patients were referred for endoscopic resection (Fig. 1).
Resection was not attempted in 101 LNPCPs (3%)
because of a suspicion of cancer, 7 (<1%) because of
appendiceal orifice involvement, 11 (<1%) because
of difficult access or position, and 4 (<1%) because of
ileocecal valve involvement. Most LNPCPs (n Z 3258
[96%]) were removed by EMR, of which 3118 (96%) had
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technical success, defined as complete excision of all
visible adenomatous tissue.

Demographic and LNPCP characteristics
The median age of the 2984 patients was 69 years (inter-

quartile range, 60-75), and 86% had an American Society of
Anesthesiologists score of I or II. Overall, the median
LNPCP size was 30 mm (interquartile range, 25-40 mm).
Most lesions were granular (1879 [55%]) with tubulovillous
histology as the most common (1750 [51%]).

Rectal LNPCPs were larger (median size, 40 mm vs
30 mm; P < .001) and more likely to be granular (79% vs
50%, P < .001) with a nodular component (53% vs 17%,
P < .001) compared with colonic LNPCPs (Table 1).
Rectal LNPCPs were also more likely to have
tubulovillous histopathology (72% vs 47%, P < .001). As
expected, rectal sessile serrated LNPCPs were infrequent,
totaling 1% (nZ 6) of all rectal LNPCPs. Cancer was
more common in rectal LNPCPs compared with LNPCPs
in the colon (15% vs 6%, P < .001). The adjusted odds
ratios and 95% CIs for those variables independently
associated with rectal versus nonrectal location in the
best-fitting multiple logistic regression model are shown
in Table 2. In summary, rectal LNPCPs are significantly
larger, granular, nodular, or mixed nodular and more
frequently have advanced endoscopic pit patterns. Most
importantly, they more often contain cancer (adjusted
odds ratio, 1.77; 95% CI, 1.25-2.53).

DISCUSSION

The rectum and colon are in a digestive continuum, and
any contained pathology generally has been considered
and managed uniformly. Accordingly, until very recent
times all colorectal LNPCPs have been generally subjected

to the same endoscopic treatment algorithm, regardless of
location. The tendency for rectal LNPCPs to have more
advanced characteristics has strong implications for thera-
peutic decision-making.

Previously, many endoscopists from nonspecialist tissue
resection centers have been comfortable with resection of
rectal LNPCPs. Options for resection include EMR, ESD,
transanal minimally invasive surgery, or transanal endo-
scopic surgery, although EMR is the most commonly
used technique.20-24 Endoscopic resection has been
demonstrated to have the lowest lifetime cost relative to
other resection modalities for removal of rectal LNPCPs.25

Nonspecialized endoscopists seem to be more willing to
tackle a rectal LNPCP than a LNPCP at a site perceived as
traditionally more challenging, such as the ileocecal
valve. The perceived safety of extraperitoneal rectum and
the reduced risk of serious sequelae from perforation
may embolden the decision-making. This logic is flawed.
The risk of cancer within a rectal LNPCP is greater, and
the consequences of failed endoscopic cure include
consideration of the most hazardous and complicated
forms of colorectal surgery, including permanent ostomy
formation.26 The rectum should be regarded as a
complex high-risk site, not because of its technical limita-
tions but because of its increased risk of cancer and the im-
plications for incomplete resection.

Our findings reflect significant differences of LNPCPs in
the rectum comparedwith the remainder of the colon. Rectal
LNPCPs are more likely to be larger and have villous or tubu-
lovillous histology. Rectal LNPCPs are more likely to have a
nodular component and contain high-grade dysplasia or can-
cer. These fundamental differences have strong implications
for endoscopic management decisions.20

This study found that rectal LNPCPs are more likely
to have a nodular component compared with LNPCPs
in the colon. By their nature, LNPCPs with a nodule are
more likely to contain SMIC.14,27 Supporting this notion,
a prospective, multicenter, observational study that
assessed optical evaluation to predict cancer in LNPCPs
found independent predictors for missed SMIC were
size �40 mm, nodular morphology, and distal location.28

In a systematic review and meta-analysis, LNPCPs with
SMIC were more commonly located in the distal colon
compared with the proximal colon (odds ratio, 2.5; 95%
CI, 1.2-5.0).29 Therefore, rectal LNPCPs with a nodular
(Paris 0-Is) component or optical features concerning for
SMIC require en-bloc resection.

It has previously been suggested that optical evaluation
for SMIC in LNPCPs has limitations.30 This study by Backes
et al (n Z 343) observed that during optical assessment of
endoscopically unresectable LNPCPs (at least T1 stage
colorectal cancer), specificity was good (94%) but
sensitivity was lower (79%). More recently, the Australian
Colonic Endoscopic Resection consortium in 1583
patients reported similar rates of specificity (95%) and
sensitivity (67%).28 However, they found significant

3405 LNPCPs referred for tissue resection

Rectal LNPCPs

n=618

Non-rectal LNPCPs

n=2787

Cancer

15.0%

Cancer

6.2%

p<0.001

Figure 1. Flow diagram of consecutive patients referred with LNPCPs for
tissue resection. LNPCP, Large nonpedunculated colorectal
polyp �20 mm.
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differences when optical evaluation performance was
stratified by morphology. There was a greater
sensitivity (91% vs 53%, P < .027) and specificity
(96% vs 94%, P < .027) when comparing flat with
nodular LNPCPs. Optical evaluation performance is
therefore dependent on LNPCP morphology. The
inherent challenges of accurate optical assessment of
bulky LNPCPs have previously been published.14

Nodular morphology and larger size were associated

with SMIC.14 We have found that LNPCPs with these
features are more common in the rectum. This
knowledge is important when planning resection in
terms of allowing more time for assessment and is
relevant for endoscopy list planning.31

Advanced histology is more common in rectal LNPCPs.
Villous histology and high-grade dysplasia are independent
risk factors for LNPCP recurrence.32-34 Regardless of
whether rectal LNPCPs are resected en bloc or piecemeal,

TABLE 1. Comparison of rectal and nonrectal LNPCPs

Rectum
(n [ 618)

Colon (nonrectum)
(n [ 2787)

Total
(n [ 3405) P value

Age, y 67 (59-74) 69 (60-76) 67.0 (12.3) .001

Sex

Male 330 (53.4) 1332 (47.8) 1662 (48.9) <.011

Female 288 (46.6) 1455 (52.2) 1743 (51.2)

American Society of Anesthesiologists score

�II 551 (89.2) 2376 (85.3) 2927 (86) .923

>II 67 (10.8) 411 (14.7) 478 (14)

Lesion size, mm 40 (30-60) 30 (25-40) 30 (25-40) <.001

Paris classification

Is 98 (15.9) 307 (11) 405 (11.9) <.001

IIa 154 (24.9) 1729 (62) 1883 (55.3)

IIaþIs 330 (53.4) 480 (17.2) 810 (23.8)

Any “c” component 26 (4.2) 130 (4.7) 156 (4.6)

Other 10 (1.6) 141 (5.1) 151 (4.4)

Morphology

Granular 488 (79.0) 1391 (49.9) 1879 (55.2) <.001

Nongranular 72 (11.7) 759 (27.2) 831 (24.4)

Mixed 51 (8.3) 149 (5.3) 200 (5.9)

Other 7 (1.1) 488 (17.5) 495 (14.5)

Kudo

III 87 (14.3) 701 (25.2) 788 (23.3) <.001

IV 443 (71.7) 1289 (46.2) 1732 (50.9)

V 72 (11.7) 172 (6.2) 244 (7.2)

Other 16 (2.6) 625 (22.4) 641 (18.9)

Previously attempted 70 (11.3) 297 (10.7) 367 (10.8) .56

Submucosal fibrosis 157 (25.4) 669 (24.0) 826 (24.2) .31

Histopathology

Tubular adenoma 63 (10.2) 741 (26.6) 804 (23.6) <.001

Tubulovillous adenoma 445 (72.0) 1305 (46.8) 1750 (51.4)

Villous 17 (2.8) 17 (.6) 34 (1.0)

Sessile serrated lesion 6 (1.0) 636 (22.8) 642 (18.9)

Other 87 (14.1) 88 (3.2) 175 (5.1)

High-grade dysplasia 176 (28.4) 492 (17.7) 668 (19.6) <.001

Invasive cancer 93 (15.0) 172 (6.2) 265 (7.8) <.001

Values are median (interquartile range) or n (%).
LNPCP, Large nonpedunculated colorectal polyp �20 mm.
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best practice endoscopic resection techniques such as
margin ablation by snare-tip soft coagulation should be
used to reduce recurrence risk.17,35,36

This study found that cancer was more common in
rectal LNPCPs. The risk of local recurrence of early rectal
cancer is higher than for early colon cancer when treated
with endoscopic resection alone.37 EMR is the accepted
first-line technique for LNPCPs,20,21 but this technique
may not achieve cure for LNPCPs containing SMIC. ESD
offers inherent advantages over EMR including reliable
en-bloc resection, which allows for improved histologic
resection completeness and potential cure of LNPCPs con-
taining SMIC.38 Previous studies have demonstrated that
selective resection algorithms for LNPCPs should be
applied given the significant costs and resource use
associated with ESD relative to EMR as well as the higher
required skill level.39,40 Specific rectal LNPCP resection
algorithms are needed given the increased risk of SMIC
containing LNPCPs.

The ramifications for a suboptimally managed rectal
LNPCP could be considered greater in the rectum
compared with the colon. Generally, surgery in the distal
colon and rectum is associated with greater risk relative
of morbidity compared with a right hemicolectomy.26,41,42

Patients with rectal lesions removed by a low or ultra-low
anterior resection have an increased risk of incontinence
(12%)43 and sexual dysfunction (20%-46%)44 and a 10%
to 20% risk of permanent stoma.45,46 Low anterior
resection has 30-day morbidity and mortality rates of 25%
and 6%, respectively.47 Our data suggest different
resection algorithms should be used for rectal LNPCPs
given their higher risk of SMIC, which may lead to
reduced rates of incomplete resection and thus a
reduced need for surgery. Improved knowledge of
predicting cancer and SMIC risk allows a greater
likelihood of successful resection on the first attempt,

leading to improved outcomes for patients and
significant cost savings.39,48-50

Interestingly, within the rectum, the anorectal junction is a
unique environment inwhich the risk of SMIC is low. A recent
prospective observational study found that the cancer rate at
the anorectal junction was low (3% [n Z 100]).24 Of note,
there was no recurrence at surveillance colonoscopy 1 for
LNPCPs treated with snare-tip soft coagulation postresec-
tion.17,24,35 EMR can therefore be considered as a first-line
technique for most anorectal junction LNPCPs.

A limitation of this study is that patients were not ran-
domized and were from an expert group, which may limit
the generalizability of the results. However, to our knowl-
edge, this is the only published dataset comparing LNPCPs
in the rectum with the rest of colon.

In conclusion, among a large, multicenter, observational
cohort, rectal LNPCPs weremore likely to be larger, granular,
and nodular with a villous component and more frequently
contained high-grade dysplasia and cancer. These data
add critically important insights to inform endoscopic treat-
ment selection and enhance clinical outcomes for rectal
LNPCPs. Through scientific research, resection guidelines
for LNPCPs of the colon have largely been established, and
EMR is justifiably the predominant strategy.51,52 The rectum
is a different organ and should be regarded as a specialized
site because of its increased risk of SMIC and the potential
for significant sequelae if the endoscopic treatment is
incomplete. Our data indicate that given this complexity,
rectal LNPCPs should be managed at specialized tissue
resection sites. To achieve the best patient outcomes, the
ability to undertake ESD would appear to be a necessary
requirement for those endoscopists performing endoscopic
resection in the rectum. ESD should be the favored
technique for rectal LNPCPs considered at any risk for
harboring SMIC. Further research is needed to develop
rectum-specific resection algorithms.

TABLE 2. Multivariate analysis assessing variables independently associated with location, rectum vs colon (excluding rectum)

Variable Adjusted odds ratio

95% Confidence interval

P valueLower Upper

Size (per 10 mm) 1.22 1.15 1.29 <.001

Paris 0-1s 1.88 1.40 2.52 <.001

Paris 0-IIaþIs 3.07 2.42 3.90 <.001

Granular 2.70 2.02 3.63 <.001

Mixed granular 2.01 1.30 3.11 .002

Kudo IV 1.67 1.28 2.18 <.001

Kudo V 3.31 2.16 5.08 <.001

Tubulovillous adenoma 1.35 1.07 1.71 .011

Villous adenoma 3.56 1.64 7.73 .001

Cancer 1.77 1.25 2.53 .001
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ABSTRACT

Background Large (≥20mm) adenomatous anastomotic

polyps (LAAPs) are uncommon. Data pertaining to their

prevalence, characteristics, and the efficacy of endoscopic

resection (ER) are absent. A safe and effective strategy for

ER would reduce morbidity and healthcare costs.

Methods Large nonpedunculated colorectal polyps of

≥20mm (LNPCPs) referred for ER were prospectively stud-

ied. Multiple data points were recorded including anasto-

motic location, polyp morphology, resection modality,

complications, and technical success.

Results Over 7 years until November 2022, 2629 lesions

were referred. Of these, 10 (0.4%) were LAAPs (median

size 35mm [interquartile range (IQR) 30–40mm]). All

LAAPs were removed by piecemeal endoscopic mucosal re-

section (EMR), most (n=9; 90%) in combination with cold-

forceps avulsion with adjuvant snare-tip soft coagulation

(CAST). On comparison of the LAAP group with the conven-

tional LNPCP group, CAST was more commonly used (90%

vs. 9%; P<0.001) and deep mural injury (DMI) type II was

more frequent (40% vs. 11%, P=0.003); however, signifi-

cant DMI (III–V) did not occur. At 6 month (IQR 5.25–6

months) surveillance, there was no recurrence in any of

the 10 cases. There were no serious adverse events.

Innovations and brief communications
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Introduction
Colorectal cancer (CRC) is the third most common cancer
worldwide and the burden of disease is projected to increase
by 60% by 2030 [1, 2, 3]. The majority of CRCs develop from
premalignant polyps. Most non-metastatic CRCs are treated by
surgical excision. Postoperatively, regular surveillance colonos-
copies are recommended to ensure that recurrence or synchro-
nous lesions are detected and treated early [4].

Although uncommon, it is not surprising that there is a po-
tential for large (≥20mm) adenomatous anastomotic polyps
(LAAPs) to develop at the site of a colonic anastomosis. These
may be due to de novo polyp formation, recurrence related to
inadequate margins at the initial resection, or a discrete polyp
that was present but not identified at the time of surgery. LAAP
removal is more likely to be challenging owing to the altered lu-
minal anatomy and the underlying postsurgical fibrosis. It is
probable that many such patients are managed by further sur-
gery. Data are therefore limited and evidence for the efficacy of
endoscopic resection (ER) is absent. An effective and safe strat-
egy for the ER of LAAPs is required. The burden of CRC is ex-
pected to increase and further data on management of LAAPs
would be valuable. We therefore evaluated our experience
with LAAPs.

Methods
This manuscript has been prepared in accordance with the
Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) statement [5, 6]. All authors had access to
the study data and reviewed and approved the final manuscript.

Between November 2015 and July 2022, eligible participants
were enrolled at a single high volume endoscopic tissue resec-
tion center in Australia. Eligibility criteria included the presence
of a LAAP in the context of previous colorectal surgery. All
endoscopic procedures were performed by one of four study in-
vestigators (accredited gastroenterologists with advanced
training and an established tertiary referral practice in colorec-
tal ER) or a senior interventional endoscopy fellow under the di-
rect supervision of one of the investigators.

Resection was performed with a standardized technique [7,
8, 9, 10, 11, 12]. The lesion was assessed optically using high de-
finition white light, narrow-band imaging (NBI), and near focus.
Submucosal injection (indigo carmine and Gelofusine) was used
before endoscopic mucosal resection (EMR) with a hot snare.
The size of the snare was decided by the endoscopist at the
time of the resection. Any poorly lifting areas were removed
with cold-forceps avulsion with adjuvant snare-tip soft coagula-
tion (CAST). Intraprocedural bleeding was defined as bleeding
that required the use of coagulation forceps for hemostasis.

Recurrence post-anastomotic polypectomy was defined as
neoplastic tissue seen optically or histologically at surveillance
colonoscopy, performed 6 months after resection. All polypec-
tomy scars were biopsied.

Histopathology evaluation

After ER, specimens were collected and processed for histopa-
thology review, in accordance with the Australasian Gastroin-
testinal Pathology Society guidelines [13]. Histopathology re-
view was completed by expert gastrointestinal pathologists.
Cancer was defined by neoplastic invasion into the submucosa
[14].

Data extraction and analysis

Prospectively collected data included: (i) patient characteristics
(age, sex, American Society of Anesthesiologists [ASA] classifi-
cation); (ii) LNPCP characteristics (location, size, Paris classifica-
tion, surface granularity, Kudo pit pattern, submucosal invasive
cancer [SMIC]) and resection technique; (iv) histopathologic
evaluation.

Statistical analysis

SPSS version 27.0 (IBM Corp., Armonk, New York, USA) was
used for data analysis. The continuous variables age and lesion
size were summarized as median (interquartile range [IQR]) fol-
lowing assessment of non-normality using Shapiro–Wilk’s test.
Categorical variables were summarized as frequencies (%).
Mann–Whitney tests were used to test for differences in contin-
uous distributions between the groups. Chi-squared tests (or
exact permutation tests if required) were used to test for asso-
ciation between the categorical variables.

Patient and public involvement

Neither patients nor the general public were involved in the de-
sign or execution of this study.

Results
Over 84 months until November 2022, 2629 LNPCPs in 2350
patients were referred for ER. Of these, 10 lesions (0.4%) were
classified as LAAPs.

Demographic and lesion characteristics

The median patient age was 75 years (IQR 70–80 years). Median
lesion size was 35mm (IQR 30–40mm). The majority of lesions
were granular (n =6; 60%), Paris 0-IIa (n=5; 50%), and had tubu-
lovillous histology (n =6; 60%) (▶Table 1).

Most anastomoses were colo–colonic (n=6; 60%) and most
LAAPs (n =9; 90%) were removed by piecemeal EMR in combi-
nation with CAST (▶Table2; ▶Fig. 1,▶Fig. 2,▶Fig. 3). On com-
parison of the LAAP group with the conventional LNPCP group,

Conclusions LAAPs present unique challenges owing to

their location overlying an anastomosis. Despite these chal-

lenges they can be safely and effectively managed endo-

scopically without recurrence at endoscopic follow-up.
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CASTwas more commonly used (90% vs. 9%; P<0.001) and deep
mural injury (DMI) type II was more frequent (40% vs. 11%; P=
0.003); however, significant DMI (III–V) did not occur. Clip clo-
sure was performed in 70% of LAAP cases. Technical success
was 100% and at 6-month surveillance (IQR 5.25–6 months),
there was no recurrence in any of the 10 cases. There were no
serious adverse events, and no perforation or bleeding in the
LAAP group. There was also no recurrence identified at second
surveillance colonoscopy, which was completed in nine patients
(90%) at 19 months (IQR 15–22.5 months) after the initial re-
section. One patient (10%) did not have a second surveillance
colonoscopy owing to their frailty.

Discussion
LAAPs present unique challenges for ER for several reasons.
Many anastomoses have inflammatory change, which can cre-
ate difficulty for lesion and margin recognition. Because of the
adherence of the mucosal layer to the scarred and potentially
chronically ischemic anastomosis, the risk of DMI or incomplete
snare resection is enhanced, which increases the need for adju-
vant therapy and for clip closure of DMI type II [15]. Another
challenge is the presence of surgical clips, which can impede
assessment and resection. Finally, the scarred ridge line
(▶Fig. 1d) of the anastomosis with depressed contours on

▶ Table 1 Characteristics of the 10 included patients and their large anastomotic polyps.

Patient Age, years/

sex

Time inter-

val, years*

Surgical histology Anastomotic

polyp size, mm

Paris

type

Morphology Histology

1 70/Male 32 Adenocarcinoma 30 0-IIa Granular Tubular

2 52/Female 15 Tubulovillous adenoma 35 0-IIb Non-granular Tubular

3 86/Male 12 Adenocarcinoma 30 0-IIb Non-granular Tubulovillous

4 71/Male 34 Familial adenomatous
polyposis

35 0-IIb Granular Tubulovillous

5 78/Female 10 Adenocarcinoma 20 0-IIa Granular Tubulovillous

6 84/Male 5 Adenocarcinoma 40 0-IIa Non-granular Tubulovillous

7 65/Male 1 Adenocarcinoma 12 0-IIc Granular Tubulovillous

8 76/Male 29 Adenocarcinoma 40 0-IIa Granular Tubular

9 73/Male 1 Tubulovillous adenoma 80 0-IIa + Is Granular Tubular

10 81/Male 3 Adenocarcinoma 25 0-IIa Non-granular Tubulovillous

Time in years from initial surgical resection to diagnosis of anastomotic polyp.

▶ Table 2 Procedure and follow-up details for the 10 large anastomotic polyps that were resected endoscopically.

Patient pEMR CAST Intraprocedural

bleeding

DMI Clipped Surveillance colo-

noscopy, months

post-resection

Recurrence at

surveillance

1 Yes Yes No No Yes 6 No

2 Yes Yes No No Yes 6 No

3 Yes Yes No II Yes 6 No

4 Yes Yes No No Yes 4 No

5 Yes No No No No 6 No

6 Yes Yes Yes II Yes 6 No

7 Yes Yes Yes No No 6 No

8 Yes Yes No II Yes 7 No

9 Yes Yes No II Yes 5 No

10 Yes Yes No No No 6 No

pEMR, piecemeal endoscopy mucosal resection; CAST, cold-forceps avulsion with snare-tip soft coagulation; DMI, deep mural injury.
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▶ Fig. 1 Endoscopic views of the resection of a 30-mm Paris 0-IIa large adenomatous anastomotic polyp showing: a a lesion at the anastomosis
under white light with near focus; b narrow-band imaging; c central nonlifting zone after submucosal injection with indigo carmine and Gelo-
fusine; d–f sequential snare resection of areas with adequate submucosal lifting with interrogation of the defect for deep mural injury with
topical chromoendoscopy after each snare resection.

▶ Fig. 2 Endoscopic views of the resection of a 30-mm Paris 0-IIa large adenomatous anastomotic polyp showing: a–d cold-forceps avulsion
with adjuvant snare-tip soft coagulation (CAST) applied to the central nonlifting segment that was resistant to snare capture; e, f through-the-
scope clips applied to close a deep mural injury type II.
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either side can compromise the efficacy of conventional sub-
mucosal injection and resection techniques.

There are no published data on the efficacy or safety of ER
for LAAPs. We have proposed techniques that can definitively
treat LAAPs effectively and safely. Technical success was
achieved in all cases without adverse events. At first surveil-
lance colonoscopy at 6 months, there were no recurrences.

Most LAAPs (7/10; 70%) in this series occurred ≥5 years after
initial surgical resection. These lesions were likely de novo le-
sions, given the duration from surgery [16]. Three LAAPs oc-
curred within 5 years of surgery. Most likely these were due to
a separate polyp not seen at the time of surgery that became
involved in the anastomosis.

All LAAPs in this series were resected piecemeal after thor-
ough optical assessment with white light and NBI, which should
be used to guide the resection technique [17]. En bloc resec-
tion either by EMR or preferably endoscopic submucosal dissec-
tion (ESD) is important if there are morphological features con-
sistent with SMIC. In this case series, all polyps were optically
assessed as being benign. For scarred nonlifting lesions, some
endoscopists may advocate using ESD or endoscopic full-thick-
ness resection (EFTR). Such methods are resource intensive and
potentially more hazardous [18]. Our data demonstrate that
piecemeal EMR can effectively and safely remove LAAPs with-
out the need for more complex resection techniques.

CAST (▶Fig. 2a) is a well validated, safe, and effective tech-
nique for the treatment of scarred nonlifting lesions [19]. Meti-

culous, precise, and methodical use of the biopsy forceps is es-
sential to ensure no adenomatous tissue remains. Controlled,
purposeful closure of the biopsy forceps by an experienced as-
sistant is equally important to prevent imprecision or slippage
of the biopsy forceps. Adjuvant snare-tip soft coagulation of
the avulsion bed and surrounding areas ensures thermal de-
struction of any remaining neoplastic cells [19, 20].

Effective treatment of adenomatous tissue at an anastomo-
sis is important for a number of reasons. Because of the fibrosis
typically encountered at an anastomosis, resection is more
challenging and time-consuming. Resection in this setting
may also theoretically carry enhanced risks of bleeding and per-
foration owing to neovascularization and fibrosis. For these rea-
sons it is essential that techniques are evoked to achieve com-
plete resection at the first resection attempt.

There are limitations to this study. First, this is a small case
series. It is however the only published case series. The data
were derived prospectively from a high volume tissue resection
center. Larger case series or trials would be difficult owing to
the infrequency of anastomotic polyps. This analysis provides
meaningful outcome data for this clinically important problem.

In conclusion, this case series is the only published dataset
that addresses the uncommon but clinically important ques-
tion of how to effectively treat a LAAP. We have demonstrated
that ER of LAAPs is effective and safe, without a high risk of
bleeding or perforation. We have shown that the nonlifting
areas at an anastomosis can be effectively treated with CAST.

▶ Fig. 3 Endoscopic views of the resection of a 40-mm Paris 0-IIa large adenomatous anastomotic polyp showing: a the lesion at the anasto-
mosis; b central nonlifting after submucosal injection with indigo carmine and Gelofusine; c sequential snare resection of areas with adequate
submucosal lifting; d cold-forceps avulsion with adjuvant snare-tip soft coagulation (CAST) applied to the central nonlifting segment that was
resistant to snare capture, with thermal ablation to the defect margin by snare-tip soft coagulation; e through-the-scope clips applied to close
a deep mural injury type II; f a bland scar seen on narrow-band imaging at 6-month surveillance.
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Significant DMI did not occur and none of the cases showed re-
currence at 6-month endoscopic surveillance. Larger datasets
are required to address any nuances that may be associated
with the anastomotic location or histology of LAAPs.

Conflict of Interest

M. Bourke has received research support from Olympus Medical,
Cook Medical, and Boston Scientific. O. Cronin, S. Gupta, J. Gauci, A.
Whitfield, T. O'Sullivan, M. Abuarisha, H. Wang, E. Lee, S.Williams,
and N.G. Burgess declare that they have no conflict of interest.

References

[1] Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin
2017; 67: 7–30 doi:10.3322/caac.21387

[2] Torre LA, Bray F, Siegel RL et al. Global cancer statistics, 2012. CA
Cancer J Clin 2015; 65: 87–108 doi:10.3322/caac.21262

[3] Arnold M, Sierra MF, Laversanne M et al. Global patterns and trends in
colorectal cancer incidence and mortality. Gut 2017; 66: 683–691
doi:10.1136/gutjnl-2015-310912

[4] Cancer Council Australia Clinical Guidelines. Clinical practice guide-
lines for surveillance colonoscopy.wiki.cancer.org.au/australia/
Guidelines:Colorectal_cancer/Colonoscopy_surveillance

[5] Cohen JF, Korevaar DA, Altman DG et al. STARD 2015 guidelines for
reporting diagnostic accuracy studies: explanation and elaboration.
BMJ Open 2016; 6: e012799 doi:10.1136/bmjopen-2016-012799

[6] von Elm E, Altman DG, Egger M et al. The strengthening the reporting
of observational studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies. Ann Intern Med 2007;
147: 573–577 doi:10.1016/j.ijsu.2014.07.013

[7] Klein A, Bourke MJ. Advanced polypectomy and resection techniques.
Gastrointest Endosc Clin N Am 2015; 25: 303–333 doi:10.1016/j.
giec.2014.11.005

[8] Jideh B, Bourke MJ. How to perform wide-field endoscopic mucosal
resection and follow-up examinations. Gastrointest Endosc Clin N Am
2019; 29: 629–646 doi:10.1016/j.giec.2019.05.002

[9] Burgess NG, Hourigan LF, Zanati SA et al. Risk stratification for covert
invasive cancer among patients referred for colonic endoscopic mu-
cosal resection: a large multicenter cohort. Gastroenterology 2017;
153: 732–742.e1

[10] Fahrtash-Bahin F, Holt BA, Jayasekeran V et al. Snare tip soft coagula-
tion achieves effective and safe endoscopic hemostasis during wide-
field endoscopic resection of large colonic lesions (with videos). Gas-
trointest Endosc 2013; 78: 158–163.e1

[11] Tate DJ, Desomer L, Klein A et al. Adenoma recurrence after piece-
meal colonic EMR is predictable: the Sydney EMR recurrence tool.
Gastrointest Endosc 2017; 85: 647–656.e6

[12] Sidhu M, Shahidi N, Gupta S et al. Outcomes of thermal ablation of
the mucosal defect margin after endoscopic mucosal resection: a
prospective, international, multicenter trial of 1000 large nonpedun-
culated colorectal polyps. Gastroenterology 2021; 161: 163–170.e3

[13] Kumarasinghe M, Bourke MP, Brown I et al. Pathological assessment
of endoscopic resections of the gastrointestinal tract: a comprehen-
sive clinicopathologic review. Mod Pathol 2020; 33: 986–1006
doi:10.1038/s41379-019-0443-1

[14] Rex DK, Hassan C, Bourke MJ. The colonoscopist's guide to the voca-
bulary of colorectal neoplasia: histology, morphology, and manage-
ment. Gastrointest Endosc 2017; 86: 253–263 doi:10.1016/j.
gie.2017.03.1546

[15] Burgess NG, Bassan MS, McLeod D et al. Deep mural injury and per-
foration after colonic endoscopic mucosal resection: a new classifica-
tion and analysis of risk factors. Gut 2017; 66: 1779–1789
doi:10.1136/gutjnl-2015-309848

[16] Vleugels JLA, Hazewinkel Y, Fockens P et al. Natural history of di-
minutive and small colorectal polyps: a systematic literature review.
Gastrointest Endosc 2017; 85: 1169–1176.e1

[17] Vosko S, Shahidi N, Sidhu M et al. Optical evaluation for predicting
cancer in large nonpedunculated colorectal polyps is accurate for flat
lesions. Clin Gastroenterol Hepatol 2021; 19: 2425–2434.e4

[18] Bahin FF, Heitman SJ, Rasouli KN et al. Wide-field endoscopic mucosal
resection versus endoscopic submucosal dissection for laterally
spreading colorectal lesions: a cost-effectiveness analysis. Gut 2018;
67: 1965–1973 doi:10.1136/gutjnl-2017-313823

[19] Tate DJ, Bahin FF, Desomer L et al. Cold-forceps avulsion with adju-
vant snare-tip soft coagulation (CAST) is an effective and safe strate-
gy for the management of non-lifting large laterally spreading colonic
lesions. Endoscopy 2018; 50: 52–62

[20] Shahidi N, Vosko S, Gupta S et al. Previously attempted large nonpe-
dunculated colorectal polyps are effectively managed by endoscopic
mucosal resection. Am J Gastroenterol 2021; 116: 958–966
doi:10.14309/ajg.0000000000001096

Funding

Cancer Institute NSW

130 Cronin Oliver et al. Endoscopic resection of… Endoscopy 2024; 56: 125–130 | © 2023. Thieme. All rights reserved.

Innovations and brief communications



CE: ; MOG/400513; Total nos of Pages: 8;

MOG 400513

CURRENT
OPINION Selection of endoscopic resection technique for

large colorectal lesion treatment

Oliver Cronina,b,c, Francesco Vito Mandarinoa,c and Michael J. Bourkea,c

Purpose of review

Large nonpedunculated colorectal polyps �20mm (LNPCPs) comprise 1% of all colorectal lesions. LNPCPs
are more likely to contain advanced histology such as high-grade dysplasia and submucosal invasive
cancer (SMIC). Endoscopic resection is the first-line approach for management of these lesions. Endoscopic
resection options include endoscopic mucosal resection (EMR), cold-snare EMR (EMR), endoscopic
submucosal dissection (ESD) and endoscopic full-thickness resection (EFTR). This review aimed to critically
evaluate current endoscopic resection techniques.

Recent findings

Evidence-based selective resection algorithms should inform the most appropriate endoscopic resection
technique. Most LNPCPs are removed by conventional EMR but there has been a trend toward C-EMR for
endoscopic resection of LNPCPs. More high-quality trials are required to better define the limitations of C-
EMR. Advances in our understanding of ESD technique, has clarified its role within the colorectum. More
recently, the development of a full thickness resection device (FTRD) has allowed the curative endoscopic
resection of select lesions.

Summary

Endoscopic resection should be regarded as the principle approach for all LNPCPs. Underpinned by high-
quality research, endoscopic resection has become more nuanced, leading to improved patient outcomes.

Keywords

colonoscopy, colorectal cancer, endoscopic full thickness resection, endoscopic mucosal resection, endoscopic
submucosal dissection, polyp, polypectomy

INTRODUCTION

Colorectal cancer (CRC) is the second leading cause
of cancer-related mortality [1]. Most CRCs develop
fromthestepwiseacquisitionofmolecularabnormal-
ities along the adenoma–carcinoma and serrated
pathways [2–4]. This pathogenic trajectory presents
a strategic window for the potential prevention of
CRC by the endoscopic resection of premalignant
polyps. Compelling evidence underscores the
efficacy of screening colonoscopy and polypectomy
in diminishing the 10-year risk of CRC-related mor-
tality [risk ratio 0.82, 95% confidence interval (CI)
0.70–0.93] [5]. Thenational polyp study (n¼2602) in
long-term follow-up revealed a 53% reduction in risk
[relative risk (RR) 0.47, 95% CI 0.26–0.80] among
participants who underwent polypectomy [6].
Underpinned by high-quality research, improve-
ments in our understanding of the fundamentals
of endoscopic resection, as well as concurrent tech-
nical innovationshave allowed for the curative endo-
scopic resection of advanced benign lesions and

also lesions containing submucosal invasive cancer
(SMIC).

Most colorectal lesions are less than 10mm in
size, lack advanced histology and are amenable
to en bloc or piecemeal removal with a cold snare
[7–9]. Large nonpedunculated colorectal lesions
�20mm (LNPCPs) comprise �1% of all polyps.
They have a variable propensity to harbour overt
and covert SMIC [10]. Currently, there are a range
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of effective techniques available for their endo-
scopic management.

Selection of the most appropriate technique is
contingent upon multiple factors, including lesion
size, morphology, location and the perceived risk of
SMIC [10,11,12

&

]. In addition, patient-specific fac-
tors must be considered including comorbidities,
anticoagulant and antiplatelet medications. This
nuanced approach ensures that the chosen manage-
ment strategy is tailored to the unique character-
istics of both the lesion and the patient.

Endoscopic resection is the recommended first-
line modality for the management of LNPCPs
[13,14]. Compared with surgery, endoscopic resec-
tion is equally effective and has a superiormorbidity
and healthcare cost profile [15,16]. Technical suc-
cess requires a collaborative, methodical approach.
It starts with planning, comprehensive communi-
cation with endoscopy staff, patients and their fam-
ilies. It relies on a thorough optical assessment.
Management should ideally be undertaken at a
centre with access to all endoscopic resection tech-
niques including: endoscopic mucosal resection
(EMR), cold-snare EMR (C-EMR), endoscopic sub-
mucosal dissection (ESD) and endoscopic full thick-
ness resection (EFTR) (Figs. 1–3). This review aimed
to critically analyse current endoscopic resection
techniques and to evaluate where each fit within
a selective endoscopic resection algorithm.

PRE-RESECTION

Optimizing patient outcomes necessitates meticu-
lous planning, particularly in the preprocedural
phase. This includes a comprehensive evaluation
of the patient’s medical history, functional status,
co-morbidities and current medications.

KEY POINTS

� Curative management of large nonpedunculated
colorectal polyps requires comprehensive planning.

� Endoscopic mucosal resection (EMR), cold-EMR,
endoscopic submucosal dissection (ESD) and
endoscopic full-thickness resection (EFTR) each have
strengths and weaknesses.

� Selective endoscopic resection algorithms should guide
selection of resection technique and account for lesion
and patient specific factors.

FIGURE 1. A 40mm Granular Paris 0-IIa LNPCP in the mid-ascending colon resected by conventional endoscopic mucosal
resection. A 40mm granular Paris 0-IIa LNPCP assessed with high-definition white light (a). Sequential submucosal injection
and piecemeal resection (b–d) followed by thermal ablation of the margin (e). Surveillance colonoscopy demonstrating a
bland scar at the site of resection (f).
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The preprocedural planning phase extends to the
endoscopy room where a collaborative discussion
with nursing and anaesthetic staff provides great
value. This collaborative approach ensures that all
teammembers are well informed about critical proce-
dural steps, necessary equipment and the anticipated
duration of the procedure. Furthermore, it is advanta-
geous to address any site-specific challenges that may
arise during the procedure, such as expected fibrosis
encountered in previously attempted lesions [17].

Other important discussion points include any
specific medications such as surgical antibiotic pro-
phylaxis or local anaesthetic for lesions at the ano-
rectal junction (ARJ). An equipment check should
ensure the availability of all appropriate resection
devices such as snares and ESD knives [18,19]. It is
imperative that endoscopic resection is conducted
exclusively with carbon dioxide insufflation [20].
Furthermore, essential ancillary devices, such as
through-the-scope clips for closure and haemostatic
forceps to address intra-procedural bleeding, should
be prepositioned in the procedure room.

Patient positioning is important and can
improve efficiencies. The ideal orientation is with
the patient positioned so that the fluid pool is

opposite the lesion. Thus, leveraging gravity to opti-
mize lesion elevation and ensure a clear working
field for tissue resection or the management of any
potential complications. Consequently, adopting a
supine or right lateral position may be deemed
necessary. Precise positioning of the colonoscope
to align the lesion at a 6 o’clock position is imper-
ative for optimal visualization and intervention.
Depending on the lesion’s location, the adoption
of a retroflexed position may further enhance access
and aide comprehensive optical assessment. Time
spent early on patient positioning, promotes proce-
dural efficacies, mitigates potential challenges and
optimizes outcomes.

Pre-resection diagnosis is important to optimize
decision-making and patient outcomes. Thorough
optical assessment stands as a cornerstone in diag-
nostic precision. The risk of overt (optical features of
SMIC present) or covert (optical features of SMIC
absent) cancer is contingent upon various parame-
ters, including the size, location, morphology, gran-
ularity andmicrovascular and surface pit patterns of
the LNPCP [10,12

&

]. Classification systems, such as
the Kudo pit pattern (KPP) and the Japan Narrow-
Band Imaging Expert Team (JNET) classification,

FIGURE 2. A 35mm Granular Paris 0-IIa LNPCP in the distal transverse colon resected by cold endoscopic mucosal resection.
A 35mm granular Paris 0-IIa LNPCP assessed with (a) high-definition white light and (b) narrow band imaging (NBI).
Piecemeal cold snare resection with sequential snare overlap (c), resected with a wide margin (d–e). Surveillance colonoscopy
demonstrating a bland scar at the site of resection (f).
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provide helpful frameworks for this multifaceted
assessment [21,22]. Proficiency in understanding
these systems is helpful; however, quite simply
benign lesions have surface homogeneity, loss of
this homogeneity raises concern for SMIC. A prag-
matic approach to enhance familiarity and utiliza-
tion could involve prominently displaying large
posters of these classification systems in endoscopy
rooms and reporting areas.

Flat benign lesions typically exhibit surface
homogeneity characterized by a regular pit and
microvascular pattern. In contrast, the presence
of high-grade dysplasia or cancer manifests as a
distinct demarcated area of disruption within this
otherwise regular pattern. Rigorous examination of
such areas is paramount to ensuring accurate optical
diagnosis and guiding the formulation of an appro-
priate resection strategy. Bulky lesions may harbour
SMIC within and risk is best stratified by surface
morphology and location.

Traditionally, the ‘optical biopsy’ was thought
to be inaccurate. Recent advancements have high-
lighted the exceptional accuracy of optical assess-
ment, particularly for flat (Paris 0-IIa) LNPCPs [23].
In a large, prospective, single-centre cohort
study (n¼1583), the sensitivity and specificity for

predicting cancer in Paris 0-IIa LNPCPs were more
than 90%. This study reported the chance of a
missed cancer in a flat (Paris 0-IIa) lesion was 6 in
1000 cases.

Conversely, optical diagnosis for SMIC for nod-
ular lesions is less accurate with a sensitivity of 53%
and specificity of 94%, resulting in a 6%missed SMIC
rate [23]. Excluding lesions with overt SMIC, a large
multicentre, prospective study (n¼2277) revealed
that covert SMIC was associated with Paris 0-Is and
Paris 0-IIaþIs morphology, nongranularity, size, and
distal location [10]. Corroborating this finding, a
large prospective cohort study (n¼3405) reported
that rectal LNPCPs have a higher likelihood of har-
bouring SMICcomparedwith their nonrectal colonic
counterparts (15 vs. 6%, P<0.001) [12

&

]. These
advancements in understanding the optical diagnos-
tic accuracy have refined our understanding of SMIC
risk and influence the most appropriate endoscopic
resection technique.

A pre-resection biopsy has been traditionally
used for pre-resection diagnosis; however, this is
often inaccurate. In a large, retrospective study
(n¼586), compared with the post-resection speci-
men, pre-resection biopsy was inaccurate in 40% of
lesions [24

&

].

FIGURE 3. A 50mm Granular Paris 0-IIaþIs LNPCP in the rectum resected by endoscopic submucosal dissection. A 50mm
Granular Paris 0-IIaþIs LNPCP assessed with (a) high-definition white light and (b) narrow band imaging (NBI). En bloc
submucosal dissection and resection (c–e). Post-resection en bloc ex-vivo specimen (f).
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RESECTION

A selective endoscopic resection algorithm should
guide therapeutic decisions for LNPCP manage-
ment, integrating all known lesion parameters to
predict histopathology and therefore maximize the
chance of a curative resection.

Endoscopic mucosal resection

EMR remains the foundation for the effective
removal of LNPCPs demonstrating superior safety,
efficacy and cost-effectiveness compared with sur-
gery [25–27]. Advancements over the past decade,
informed by high-quality studies have enhanced
EMR safety and efficacy. Key refinements include
CO2 insufflation, chromo-injectate utilization in
the submucosal space, systematic inject and sequen-
tial snare resection, incorporation of a 2–3mmmar-
gin of normal mucosa during endoscopic resection,
water jet expansion of the defect to identify residual
adenoma and the early recognition of significant
deep mural injury (DMI) [20,28,29]. Following
adenoma resection, thermal ablation of the margin
is performed to achieve a 3–5mm rim of ablated
mucosa [30]. With the addition of thermal ablation,
recurrence rates have reduced from �20% to below
2% [30,31].

In a recent large RCT (n¼414), the efficacy of
snare tip soft coagulation (STSC) was compared with
argon plasma coagulation (APC) for thermal abla-
tion of themargin [32

&&

]. Although not significantly
different, recurrence rate at first surveillance colo-
noscopy was 4.6 vs 9.3% for the STSC and APC
groups, respectively [32

&&

]. The authors concluded
that STSC is the favoured technique given it is more
efficient to apply, less expensive and more carbon
friendly than APC.

Cold-endoscopic mucosal resection

At present, because of limited data, conventional
EMR is preferred over C-EMR for LNPCP resection.
The safety profile of C-EMR is appealing for piece-
meal resection of Paris 0-IIa LNPCPs, however, the
upper size limit for effective removal without exces-
sive recurrence is unknown. A large, prospective,
multicentre cohort study (n¼286 lesions) compar-
ing conventional EMR to C-EMR for 6–15mm pol-
yps favoured the use of C-EMR over EMR [33

&

]. At
present, US consensus guidelines recommend either
EMR or C-EMR for resection of lesions 10–19mm
[13]. Recently, the first large, prospective random-
ized controlled trial (RCT) compared C-EMR to con-
ventional EMR for 15–50mm Paris 0-IIa lesions was
published. At 6-month surveillance colonoscopy,
recurrence was significantly greater in the C-EMR

group [(15/87, 17%) vs. (1/93, 1%); P<0.001]. Sig-
nificant DMI [(0, 0%) vs. (24/93, 26%); P<0.001]
and delayed perforation [(0,0%) vs. (1/93, 1%);
P¼0.33] only occurred in the EMR group. Clinically
significant postprocedural and intraprocedural
bleeding were greater in the EMR arm [(1/87,
1.1%) vs. (7/93, 7.5%); P¼0.038] and [(0/87, 0%)
vs. (10/93, 10.8%); P¼0.002] respectively [34

&&

].
These findings suggest there is an upper limit to

lesion size for C-EMR after which recurrence becomes
overwhelming burdensome. This cut-off might differ
between patients. For example, an elderly patient
taking anticoagulationmaynot bebotheredby recur-
rence, and any recurrence would be unlikely to
shorten that patient’s length or quality of life. Con-
versely, adelayedperforationorbleedpostEMRcould
provemore challenging for thatpatient, swinging the
endoscopic resection pendulum in favour of C-EMR.

In contrast to adenomas, C-EMR is always rec-
ommended as the primary modality for endoscopic
resection of serrated lesions, irrespective of size.
A large, prospective study (n¼562) demonstrated
comparable technical success and recurrence rates
between C-EMR and EMR, whereas bleeding (0 vs.
5%) and significant DMI (0 vs. 3%) were more
common in the EMR group [35].

Endoscopic submucosal dissection

The rectum represents a highly intricate and high-
risk anatomical site, characterized by unique chal-
lenges distinct from those encountered in the colon.
The heightened risk of covert SMIC [12

&

,36] rather
than technical limitations underscores its complex-
ity. Additionally, the stakes are greater. Failed
endoscopic cure necessitates the need for some of
the most complex forms of colorectal surgery, asso-
ciated with the risk of ostomy formation [37],
increased risk of incontinence (12%) [38] and sexual
dysfunction (20–46%) [39] along with a 10–20% risk
of a permanent stoma [40,41]. Low anterior resec-
tion, a common surgical approach, is associated
with a 30-day morbidity and mortality of 25 and
6%, respectively [42], emphasizing the serious impli-
cations of surgery in the left colon. In this context,
endoscopic resection emerges as an organ-sparing,
minimally invasive alternative, mitigating the need
for complex surgery in many cases [43].

In a large multicentre observational study
(n¼618), rectal LNPCPs were more likely to contain
cancer (15 vs. 6%, P<0.001), 50% ofwhich is covert,
compared with the remainder of the colon [12

&

]. To
achieve R0 (curative) resection, en bloc resection
is required.

Originally developed for treatment of early gas-
tric cancer, ESD has evolved into an established
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technique in the colorectum. Using an electrosur-
gical knife for fine dissection, ESD allows precise en
bloc resection of large lesions with more precision
and control compared with EMR. A rectum-specific
selective resection algorithm (SRA) has demon-
strated superior outcomes compared with a Univer-
sal EMR algorithm (UEA). In a large study (n¼480),
LNPCPs underwent ESD if they had features sugges-
tive of overt SMIC (1000mm, KPP V) or covert SMIC
(Paris 0-1 s, or a dominant nodule). All LNPCPs with
SMIC amenable to R0 resection that underwent ESD
achieved cure [11]. Implementing a rectum-specific
SRA avoids the piecemeal resection of cancer.

In a recent large RCT (n¼360), Jacques and
colleagues compared EMR and ESD for LNPCPs at
least 25mm. Lesions within 15 cm of the ARJ were
excluded [44

&&

]. The rate of SMIC was 6% in keeping
with previous studies [12

&

]. Although ESD had lower
recurrence rate (0.6 vs 5.1%), adverse events were
greater (36 vs. 25%). The procedure time for ESD and
EMR was 47 vs. 15min, respectively. Accounting for
the opportunity and resource cost of ESD compared
with EMR, as well as the low rate of covert SMIC
outside of the rectum, this study underscored the
importance of a selective endoscopic resection
approach. EMR is well tolerated, efficient and less-
expensive than ESD. ESD is an indispensable tool,
which should be reserved for lesions at high risk of
superficial early overt SMIC or covert SMIC such as
bulky rectal lesions [45].

Endoscopic full-thickness resection

High-risk lesions require en bloc resection for cure.
Until recently, the only endoscopic resection
options were en bloc EMR and ESD, but both have
limitations. EMR is less precise and may struggle in
achieving R0 resection of lateral and vertical mar-
gins, especially in fibrotic lesions with advanced
histology [46]. Although ESD offers superior margin
control, it is technically challenging, resource inten-
sive and has limited accessibility, particularly in
Western countries [47–50]. Additionally, ESD may
face challenges in achieving a curative vertical resec-
tion margin. To address these issues, an integrated
endoscopic full-thickness resection device (FTRD,
Ovesco Endoscopy, T€ubingen, Germany) was devel-
oped for select gastrointestinal lesions. The FTRD,
featuring a single-clip closure and resection device
enables EFTR without exposing the peritoneum to
luminal contents during the procedure [51–53]. In
contrast to ESD, EFTR does not have a lengthy
learning curve and does not necessarily require
knowledge of third-space endoscopy or resection
planes [54]. Two large national registries have
reported high curative results for select lesions with

T1 cancer or high-grade dysplasia [55,56]. However,
a limitation of the FTRD is the lesion size, deter-
mined by the volume of tissue that can be pulled
into the distal over-the scope cap and the risk of
delayed perforation which is 1% [57

&

]. A study
(n¼69) has demonstrated efficacy of a hybrid
EMR/EFTR technique for resection of larger lesions
but more data is required on long-term durability
[58]. Due to the relative novelty of EFTR, long-term
efficacy data is lacking.

POST-RESECTION CONSIDERATIONS

Regardless of the endoscopic resectionmodality, it is
vital that clear, written and verbal instructions are
provided to the patient and their next of kin.
Instructions should include when and how to con-
tact medical staff should there be any issues. This
ensures prompt recognition and effective manage-
ment of any complications.

Post-resection surveillance is required for all
resected lesions, the timing of which differs depend-
ing on the resected histology. Patients should ideally
be scheduled for follow-up on the day of their index
resection to ensure there are no errors in communi-
cation and they are not lost to follow-up.

The management of covert SMIC identified
postpiecemeal endoscopic resection has historically
presented challenges. In a recent, large observatio-
nal study (n¼3372), 143 (4%) cases exhibited covert
SMIC postpiecemeal resection [59

&&

]. Surgical resec-
tion was performed in 109 cases of which 62 (63%)
contained no residual cancer. Among cases with
residual intramucosal cancer (n¼24), an R1 histo-
logical deep margin identified all instances. Poor
differentiation and/or lymphovascular invasion
conferred a high risk of lymph node metastasis
(12/33) whereas cases lacking these features pre-
sented a very low risk (<1%< 0/35). Most patients
with covert SMIC resected piecemeal displayed no
residual malignancy. Residual malignancy risk
could be predicted by poor differentiation, lympho-
vascular invasion and an R1 deep margin.

In a large multicentre study (n¼2255) of non-
curative colorectal ESDs, none (0%) of the sm1
lesions had residual CRC after surgical resection
and none of the >sm1 lesions had residual CRC if
lymphovascular invasion (LVI) and poor differen-
tiation were absent. LVI or poor differentiation war-
rant consideration of surgery because of the high
risk of lymph node metastasis [60

&&

].

CONCLUSION

This review compares various endoscopic resection
techniques and underscores the intricate balance of
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choosing the most appropriate technique for any
given lesion and patient. EMR, C-EMR, ESD and
EFTR all offer distinct value but each also have their
weaknesses. Ultimately, endoscopic resection is
becoming more nuanced. Endoscopists should not
only account for lesion sub-types, each with differ-
ing challenges and risks, but they also need to
account for patient-specific factors, embracing the
paradigm of precision medicine. Current SRAs,
based on high-quality evidence, provide fundamen-
tal guidance to achieve the best outcomes for our
patients. These are likely to be further refined in the
immediate future.
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