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Abstract: The major role of colonoscopy with polypectomy in reducing the incidence of and 

mortality from colorectal cancer has been firmly established. Yet there is cause to be uneasy. One 

of the most striking recent findings is that there is an alarmingly high incomplete polyp removal 

rate. This phenomenon, together with missed polyps during screening colonoscopy, is thought 

to be responsible for the majority of interval cancers. Knowledge of serrated polyps needs to 

broaden as well, since they are quite often missed or incompletely removed. Removal of small 

and diminutive polyps is almost devoid of complications. Cold snare polypectomy seems to 

be the best approach for these lesions, with biopsy forcep removal reserved only for the tiniest 

of polyps. Hot snare or hot biopsy forcep removal of these lesions is no longer  recommended. 

Endoscopic mucosal resection and endoscopic submucosal dissection have proven to be effec-

tive in the removal of large colorectal lesions, avoiding surgery in the majority of patients, 

with acceptably low complication rates. Variants of these approaches, as well as new hybrid 

techniques, are being currently tested. In this paper, we review the current status of the different 

approaches in removing polypoid and nonpolypoid lesions of the colon, their complications, 

and future directions in the prevention of colorectal cancer.

Keywords: cold snare polypectomy, serrated polyps, endoscopic resection, submucosal, 

mucosal, colonoscopy, adenoma, colorectal cancer, bleeding, perforation

Introduction
Endoscopic polypectomy consists of the excision of a colonic polyp in the course of 

colonoscopy and is routinely performed in most centers in Western countries today. 

It was proposed in the early seventies as a nonsurgical way of dealing with precan-

cerous conditions of the colon.1 In more recent decades, endoscopic polypectomy 

has witnessed continuous advances because of improvements in the technology of 

colonoscopes and accessories, as well as in endoscopic techniques. Endoscopists can 

now perform relatively simple procedures, such as removal of small polyps by biopsy 

forcep or snares, as well as endoscopic mucosal resections (EMR) and endoscopic 

submucosal resections (ESD) for large polyps or early-stage colorectal cancer, hence 

reducing the need for surgical intervention.2–7

The importance of polypectomy derives from the fact that it interferes with the natu-

ral history of colorectal cancer.8,9 Polyps have been classified as diminutive (5 mm), 

small (6–9 mm), large (10 mm), and gigantic (.30 mm),10 and their potential for 

advanced neoplasia is size-dependent.11 A recent systematic review found that the 

overall rate of advanced adenomas in patients undergoing screening colonoscopy 

is 5.6%, with higher probability of harboring advanced adenomas in larger polyps 
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(0.9% in patients with diminutive polyps, 1.7% in subcenti-

meter polyps, and 73.5% in large polyps).12 However, some 

recent studies have found higher rates of advanced neoplasia, 

in the order of 9%–10%, even in diminutive and small pol-

yps.13,14 This emphasizes the importance of population-based 

screening for detecting and removing even small polyps.15 

Polyp and adenoma detection rates (ADR) are considered the 

most important markers of quality in colonoscopy, since a 

strong correlation between ADR and risk of colorectal can-

cer has been observed.15,16 Colonoscopy with polypectomy 

is protective against colorectal cancer, although to a lesser 

degree for the right colon.17 The rate of interval cancers, 

that is colorectal cancer diagnosed within 5 years from a 

negative colonoscopy, is indirectly proportional to the qual-

ity of the index colonoscopy.16,18,19 It has been estimated that 

missed polyps at this colonoscopy account for the majority 

of such cases (50%–80%), followed by incomplete removal 

of precancerous lesions (15%–30%) and occurrence of new 

aggressive neoplasia in genetically susceptible patients in 

the rest.18,20

Serrated polyps need to be sought after carefully, because 

they are considered important precursors to interval colorec-

tal cancer.20,21 They are little known by endoscopists, are 

more challenging to visualize because of subtle endoscopic 

features, and their margins are difficult to delineate, result-

ing in higher rates of missed or incomplete polyp removal 

when compared with traditional polyps.22 In one recent study, 

nearly half of such lesions were incompletely excised.20 All 

this underscores the need for high-quality colonoscopy, both 

for the detection of polyps/adenomas and for their effective 

and complete removal.23

Many factors account for a low-quality diagnostic colonos-

copy with low ADR, such as quality of bowel preparation and 

operator experience. Much effort has been put into increasing 

the ADR in diagnostic colonoscopy, such as high-definition 

white light endoscopy, optical zoom functions, retrograde 

viewing devices, chromoendoscopy, dye-based and virtual or 

electronic chromoendoscopy, such as narrow-band imaging, 

flexible spectral imaging color enhancement, and I-Scan, as 

well as autofluorescence and confocal laser microscopy.24–28 

On the other hand, less effort and attention has been given 

to evaluating complete polypectomy. Some direct informa-

tion on the adequacy of polyp resection rates has become 

available only recently,20,29 and specific criteria for quality 

assessment are being  developed.30 The consequence of such 

a lack of information has been a wide variety of approaches 

to polypectomy over time, especially for polyps smaller than 

10 mm,30,31 resulting in suboptimal polypectomy rates.20,29 

Efforts to increase the rates of  complete  polypectomy include 

improvement of technology,32 development of virtual and 

hands-on training courses,33 and objective criteria for quality 

assessment in polypectomy.30

These shortcomings notwithstanding, colonoscopy with 

polypectomy has been very useful in reducing the incidence 

and mortality from colorectal cancer in the past decades, 

and will be the backbone of prevention of this cancer in the 

future. In this paper, we will briefly review the advances in 

polypectomy, as well as its problems and complications. 

(See Table 1).

Diminutive and small polyps
General principles
The vast majority (over 80%–90%) of polyps encountered 

during routine colonoscopy are diminutive (5 mm) or small 

(6–9 mm),15,34 so questions regarding their removal have very 

important clinical consequences. However, until now, little 

data have existed on the optimal polypectomy technique 

for such polyps, resulting in a wide variety of polypectomy 

techniques among endoscopists. In a survey of US endosco-

pists, 50% used forceps (hot or cold) for 1–3 mm polyps and 

electrosurgical snare for 7–9 mm polyps, with no preferred 

method for polyps 4–6 mm in size.31

Forcep biopsy polypectomy
Cold forcep biopsy polypectomy is quick, easy to apply, 

and cheap. Unfortunately, this technique is associated with 

significant rates of incomplete polyp removal and hence 

with increased polyp recurrence rates and consequent risk of 

interval colorectal cancer.35 The reason might be that bleeding 

after the first bite can obscure the visual field and hide the 

rest of the residual polyp, rendering it difficult to remove. In 

a landmark study by Efthymiou et al,29 EMR was performed 

at the site of an apparently complete forcep-based polypec-

tomy, and showed that even under the “ideal” conditions of 

Table 1 introduction section, key points

•  Screening colonoscopy with polypectomy has significantly reduced the 
incidence of, and mortality from, colorectal cancer.

•  Polyp and adenoma detection rates are the most important markers of 
quality in diagnostic colonoscopy.

•  Incomplete polyp resection is one of the major causes of interval 
cancer.

• The advanced-neoplasia potential of colonic polyps is size-dependent.
•  Serrated polyps need to be carefully sought after, since they are 

frequently misdiagnosed and incompletely removed, and hence 
significantly contribute to the development of interval CRC.

•  New platforms in both diagnostic and therapeutic colonoscopy are 
being developed.
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a prospective study, overall only 39% of diminutive polyps 

were completely removed. Histology was the only predictor 

of complete polypectomy, with adenomatous polyps being 

more likely to be removed than hyperplastic ones (62% and 

24%, respectively). Successive studies have similarly found 

complete removal rates of only 51%–79% for adenomatous 

polyps with biopsy forceps.36,37 Therefore, it seems that cold 

biopsy forcep removal of small and diminutive polyps is not 

an optimal choice, except for tiny polyps of 1–2 mm that can 

be resected in a single bite.2,29 This technique may also be pref-

erable in cases of polyps found at difficult sites of the colon, 

since forceps are more easily maneuvered than snares.36

Proposed alternatives to conventional biopsy forceps 

include the use of larger cold biopsy forceps, such as jumbo 

forceps, or hot polypectomy. One study compared the effi-

cacy of jumbo biopsy forceps with conventional ones for 

the removal of polyps ,6 mm in one bite.36 Even although 

jumbo forceps showed a significantly higher visually com-

plete removal rate (78.8% versus 50.7%; P,0.001) and 

shorter performance time, the rate of complete eradication 

was not significantly different between the two types of 

forceps. Hot biopsy forcep removal was once popular,31 

because it was thought that the addition of electrocautery 

to the biopsy bite would serve to burn the surrounding 

tissue and thus enhance the rate of complete polyp exci-

sion, inducing simultaneous hemostasis. This method has 

fallen out of favor2 because of the increased complication 

rates and poor quality of the biological material obtained, 

while maintaining the same polyp eradication rate as cold 

biopsy forceps.38,39

Snare polypectomy
Cold snare polypectomy is an easy-to-apply technique that 

has become a favorite for small and diminutive polyps. 

 Techniques have been described in detail elsewhere.2 Briefly, 

the endoscopist advances the snare sheath, opens the snare 

and encircles the polyp. The snare is then slowly and progres-

sively closed, with the aim of capturing 1–2 mm of normal 

tissue around the polyp, until complete closure is achieved 

and the polyp is guillotined. The polyp can then be suctioned 

and retrieved for histologic assessment.

In a recent comparative study, cold snare polypectomy 

was shown to be significantly superior to biopsy forcep 

removal in terms of histologic eradication rate (93.2%  versus 

75.9%, P=0.009) and procedure-related time.37 This was 

specifically evident for polyps .4 mm, while no significant 

difference was observed for smaller polyps. Snare resection 

was more expensive and associated with a lower retrieval 

rate compared with biopsy forcep retrieval, but this did not 

reach statistical significance.

Three studies have compared cold snare polypectomy 

with hot snare polypectomy for small and diminutive 

polyps.40–42 No significant difference in terms of polyp 

removal rates and retrieval was observed between the two 

methods.  Intraprocedural bleeding was more frequent in 

the cold group in two studies,40,41 but resolved spontane-

ously and required no additional intervention, while in the 

other,42 immediate and delayed bleeding was more frequently 

observed in the hot snare group. Hot snare polypectomy 

required a longer procedural time and had more post-

 procedural abdominal  symptoms. All three studies concluded 

that cold snare resection was superior to hot snare polypec-

tomy and hence should be the first choice for resection of 

small and  diminutive polyps. However, pedunculated polyps 

may benefit more from hot snare polypectomy.2

Polyp retrieval
Most studies do not see snare resection as increasing the 

rate of failed polyp retrieval.37,40,41 Yet, in a recent, large, 

retrospective study, small polyps (particularly diminutive 

polyps, ,5mm), sessile morphology, right colon location, 

and cold snare polypectomy were factors influencing polyp 

retrieval.11

It has been argued that polyp retrieval may not even be 

necessary for diminutive polyps.43 The American Society for 

Gastrointestinal Endoscopy has in fact recently released a 

statement in which two in vivo paradigms were defined.44 The 

first is called the “resect and discard” strategy, according to 

which if the real-time histologic assessment of a diminutive 

polyp is performed endoscopically with high confidence, 

pathologic assessment becomes unnecessary. The second 

is called the “discard” or “leave-in” strategy, according to 

which all diminutive polyps in the rectosigmoid that appear 

hyperplastic at endoscopy, with high confidence, should not 

be resected or sampled, but left in situ.44 These statements 

are based on epidemiologic data showing a very low preva-

lence of advanced histology in diminutive polyps and a high 

prevalence of hyperplastic lesions in the rectosigmoid in the 

screening setting12,45 and on studies demonstrating that in vivo 

polyp histology assessment is now adequately accurate.28,46 

Cost analyses have found that the “resect and discard” and 

“leave-in” paradigms are associated with significant cost and 

time savings, with almost no increase in patient cancer risk.47 

It is still unclear whether these policies could be applied to 

serrated lesions as well.43 However, some caution is warranted 

since these statements work upon the assumption of complete 
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polyp resection, an assumption which is not always true,20,29,37 

and also some studies have reported higher advanced histol-

ogy rates for small and diminutive polyps.13,14

As previously observed, incomplete polyp removal is 

responsible for up to one third of all interval cancers. Even 

in the “ideal” setting of a recently reported prospective 

study, an alarming incomplete resection rate of 10%–60% 

was reported for small and diminutive polyps. Higher 

rates might reasonably be suspected in general clinical 

practice.20,29 Forceps removal has repeatedly been reported 

as an independent risk factor for incomplete polyp eradica-

tion and hence increased recurrence rates.20,21,29,37 Increased 

polyp size,20,37 serrated adenomas,20,21 and colonoscopist’s 

experience20 have been reported as additional risk factors 

for incomplete resection. These factors need to be carefully 

considered when performing polypectomy, in order to 

reduce the rates of incomplete removal and hence interval 

cancer.

In sum, cold snare polypectomy seems the best option 

for small and diminutive polyps. Increased effort should be 

made to increase the rate of complete polyp resection, both 

by increasing awareness of the incomplete polypectomy 

phenomenon and by improving resection techniques and 

accessories. (See Table 2).

Large colonic polyps or lesions
General principles
Endoscopic management of large (10 mm) colorectal 

lesions is more complex. The Paris classification has been 

widely used for morphologic assessment of such lesions, and 

distinguishes between protruded or polypoid lesions (0–I), 

either sessile (0–Is), pedunculated (0–Ip) or semipedunculated 

(0–Isp), excavated lesions (0–III) and nonprotruding, non-

excavated, or nonpolypoid lesions (0–II), and either slightly 

elevated (0–IIa), flat (0–IIb), slightly depressed (0–IIc), or 

their combination (0–Iia + IIc or 0–Iic + IIa). Large 0–IIa 

lesions (10 mm) are also called lateral spreading tumors 

(LST) and are divided into granular LST and nongranular 

LST types, based on their surface appearance.48,49 Real-time 

in vivo microscopic characterization by visualization of the 

pitt pattern and vascular pattern is also a crucial step in the 

overall evaluation of colorectal lesions.50–53 High accuracy 

in evaluating the depth of colorectal lesions was recently 

reported with through-the-scope miniprobe ultrasound 

 devices.54 More studies will be necessary to establish the 

role and utility of ultrasound in this setting.

Surgery has historically been the mainstay of treatment 

for large colorectal polyps and lesions. However, such treat-

ment is plagued by high complication and morbidity rates, as 

well as high costs.55,56 EMR and ESD have been shown to be 

valid alternatives to surgery in the majority of cases in this 

setting, with lower complication rates and costs.3,7,57

Meticulous evaluation of both macroscopic and micro-

scopic appearance of a lesion is mandatory since it dictates 

indications and type of treatment choice.58 For example, 

nonpolypoid lesions have a greater risk of harboring cancer 

than polypoid lesions, irrespective of size; nongranular LST 

lesions have generally higher rates of submucosal invasion 

than granular LST-type lesions, and in this last group, lesions 

with even-sized nodules have a lower rate of submucosal 

invasion than lesions with mixed-sized nodules.49,58 These 

factors influence not only the decision between surgical 

or endoscopic excision, but also the type of endoscopic 

treatment (standard polypectomy, EMR, or ESD).4,7 

Microscopic evaluation, particularly by the application of 

narrow-band imaging, also gives relevant information that 

helps to estimate in vivo histology (hyperplastic, adenoma-

tous, superficial, or deep invading cancer), determining 

thus whether a lesion is amenable to endoscopic resection 

(lesion extended only to the mucosa or ,1,000 µm into the 

submucosal layer) or not.51–53,59 Of course, in cases where 

the appearance of a lesion strongly suggests deep invasion, 

such as pitt pattern V or excavated lesions (0–III), surgery 

should be considered.3,4,57,60

EMR and ESD techniques
The plane of resection during EMR/ESD is in the superficial 

or medium submucosal layer, making these techniques differ-

ent from traditional polypectomy, the resection plane of which 

is at the mucosal level. Both make use of submucosal injec-

tion of normal saline solution (with or without epinephrine), 

hypertonic solutions (glycerol), or colloid-based solutions 

(hydroxyethyl starch or succinylated gelatin) followed by stiff 

snare resection.3,4 If the mucosa does not lift (the “non-lift 

sign”), this can be considered an indirect sign of invasion and 

Table 2 Diminutive and small polyps section, key points

•  The vast majority of colonic polyps are diminutive (5 mm) or small 
(6–9 mm).

•  Polypectomy by cold forceps biopsy is associated with high rates of 
incomplete removal in this setting. Polypectomy by hot forceps must 
be avoided, as it is associated with high complication rates.

•  Cold snare polypectomy is superior to biopsy forceps in terms of 
complete polyp removal. it has similar complete removal rates as hot 
snare polypectomy, but with less complications.

•  The “resect and discard” and “leave-in” policies for diminutive polyps 
are slowly entering clinical practice.
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hence a contraindication to endoscopic removal. However, 

other factors may induce a similar reaction, such as fibrotic 

tissue from previous attempts at resection or cauterization, 

India ink tattooing, or ulceration.61

The “inject-and-cut” technique, with dynamic submu-

cosal injection for creation of a protective cushion, is the 

most common EMR technique. It has been described in detail 

elsewhere.3,4 Briefly, after puncturing the submucosal layer, 

the injectant is infused while the needle is moved. Afterwards, 

if the lesion is 20 mm or less, it is captured as a whole with 

a stiff snare. The snare is then lifted from the wall, slightly 

loosened in order to release possible entrapped muscularis 

propria, and then strangled and transected using blended 

current. If, on the other hand, the lesion is larger, it can be 

resected piecemeal (in more pieces) in a similar fashion. 

After the first resection, the free margins of the lesion serve 

as an anchor point for successive resections, until the whole 

lesion is snared off. The different pieces are then retrieved 

for histological assessment.

Different ESD techniques exist and have been described 

in detail elsewhere.3,4 Briefly, a first submucosal injection is 

performed at the proximal borders of the lesion. A hemicir-

cumferential incision is applied at the edges, after which 

the submucosal layer is directly dissected with a variety of 

endoscopic knives, at this half circumference. The same pro-

cess is then applied on the other side of the lesion, until the 

whole lesion is resected en bloc. Another technique, the ESD 

 universal, is somewhat different. In this case, a circumfer-

ential incision is performed at the edges of the lesion and a 

partial dissection is made at the base of the lesion. This is 

then followed by either en bloc snare resection of the freed 

lesion or completion of the circumferential dissection toward 

the center until the whole lesion is resected en bloc.

Endoscopic mucosal resection
EMR is usually employed for lesions up to 20 mm, because 

with this technique the preferable en bloc removal of larger 

lesions is difficult.4 Of course, piecemeal resection of larger 

lesions is feasible with EMR. Swan et al reported a success 

rate of 95% when removing difficult sessile polyps larger than 

20 mm by piecemeal EMR, avoiding surgery in 90% of cases, 

with significant reduction in morbidity and complication rates, 

as well as costs.56 Similarly, effective piecemeal removal of 

90%–96% of colonic lesions larger than 20 mm in single or 

multiple endoscopic sessions, and avoidance of surgery in 

more than 85% of patients with significant cost savings has 

been reported in two recent studies.57,62 EMR, both en bloc and 

piecemeal, has also been successfully used for early colorectal 

cancer, particularly when limited to the mucosa,63,64 and for 

defiant polyps, ie, those that cannot be resected by standard 

snare polypectomy techniques.65 Overall, in expert hands, EMR 

can result in successful treatment of most colonic lesions, with 

nearly half removed en bloc and the rest piecemeal, and only 

3%–10% of patients needing surgery.66,67

However, a mean adenoma recurrence rate of 25% 

(0.8%–50%) has been reported in the literature after piece-

meal EMR for large (.20 mm) or gigantic (.30 mm) 

lesions.10,17,56,57,68,69 Reported predictors of recurrence after 

effective EMR include lesions larger than 40 mm,57,67 need 

for use of argon plasma coagulation, and piecemeal resec-

tion in six or more pieces.57 The first follow-up endoscopy 

is usually performed 3–6 months after the EMR procedure 

since most adenoma recurrences are already visible by this 

time70,71 “Late” recurrence of adenoma, defined as detec-

tion of adenoma after a first negative control colonoscopy, 

is a relatively rare phenomenon, found in 4% of patients. 

A normal-appearing scar with negative biopsies at first 

control endoscopy is predictive of long-term eradication.10 

Some of the attempts to reduce the rate of recurrence after 

EMR include application of argon plasma coagulation 

to the borders or microscopic bridges of residual tissue 

in the resected areas,70 and the use of alternative hybrid 

EMR techniques, such as circumferential precutting for 

lesions larger than 30 mm and successive en bloc removal.72 

However, adenoma recurrences are minor, benign, and easily 

treated endoscopically.56,57,65,69,73

As previously mentioned, EMR can also be ineffective in 

resecting or curing large lesions. Factors independently asso-

ciated with failed or incomplete resection include previous 

attempts at resection, location at the proximal colon or ileoce-

cal valve, piecemeal resection, 0–IIa + c  morphology, non-

granular LST, pitt pattern V, or submucosal carcinoma.57,64 

The major factors associated with incomplete cure include 

depressed (type 0–III) lesions, since they are frequently 

associated with deep submucosal infiltration.49,64 Adding 

the technique of endoscopic mucosal ablation (application 

of high-power argon plasma coagulation after creation of a 

submucosal fluid cushion) to EMR, has recently been pro-

posed as rescue therapy in cases of previously incomplete 

piecemeal EMR or adenoma recurrence.74

Lift-and-cut resection is the most frequently used EMR 

technique. Other types of EMR techniques include cap-

 assisted EMR, EMR with band ligation, and underwater EMR. 

Cap-assisted EMR and EMR with band ligation should be 

considered only for rectal lesions, because of the high risk of 

perforation in other areas of the colon.75,76 Underwater EMR 
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is a novel piecemeal resection technique,77 that makes no use 

of submucosal injection. Reports of a first pilot study show 

that underwater EMR is safe and effective, with a low delayed 

bleeding rate (4.8%) and no perforation. No early (1-year) 

recurrence of adenomatous tissue has been observed.77 This 

technique is easy to learn and seems a valid alternative to tra-

ditional EMR and ESD.78 As previously mentioned, piecemeal 

EMR resection is associated with relatively high rates of local 

recurrence. One additional caveat of piecemeal resection is 

suboptimal pathologic evaluation of the resected specimen. In 

fact, en bloc resection is preferable for an adequate histologic 

assessment, since both horizontal and deep margins can be 

evaluated, and if found negative, a diagnosis of complete 

resection can be  formulated. Other features of curative resec-

tion include submucosal invasion ,1,000 µm, no lymphatic 

or vascular involvement, and no poorly differentiated compo-

nents.60 Piecemeal excision yields fragmentary pieces, making 

these assessments very difficult, if not impossible.79

Endoscopic submucosal resection
ESD is a newly introduced, technically difficult, and time-

consuming technique, but is effective in overcoming the 

shortcomings of EMR.64,79 ESD is mainly performed in Japan, 

although it is slowly expanding to the West as well.6,80,81 

Even though there are no standardized indications for ESD, 

it is usually performed to treat difficult lesions larger than 

20 mm, nongranular LST, or type V pitt pattern, when high-

grade dysplasia/cancer or superficial submucosal invasion is 

suspected, when other endoscopic techniques have failed or 

are deemed ineffective for en bloc removal, in colorectal car-

cinoid lesions, and in sporadic localized tumors in ulcerative 

colitis.81,82 A recent systematic review and meta-analysis of 22 

studies including a total of 2,774 patients showed that ESD 

is highly effective in the management of lesions 20 mm as 

well as post-EMR recurrences, with an R0 resection rate of 

88% and virtually null risk of post-R0 ESD recurrence.6 This 

same review found that Asian studies had a higher R0 resec-

tion rate than European series (88% versus 65%, P=0.03), 

which probably reflects the cultural and technical differences 

between these two groups.

EMR versus ESD
Two studies have compared ESD with EMR for the manage-

ment of large colorectal lesions.7,73 The first73 is a large retro-

spective study which found that, overall, ESD has higher en 

bloc (84% versus 33%, P,0.0001) and curative resection rates, 

with lower recurrences (2% versus 14%, P,0.0001) com-

pared with EMR. These results came at the price of a longer  

procedural time and a tendency towards higher perforation 

rates for ESD. The lower recurrence rates in the ESD group 

were related to higher en bloc resection rates, since recurrence 

rates of 13%, similar to piecemeal EMR, were observed in 

cases when ESD did not achieve en bloc resection. In the case 

of EMR too, piecemeal resection was associated with higher 

recurrence rates when compared with en bloc resection (20% 

versus 3%). However, both methods resulted in similar rates 

of colon preservation.73 The second one,7 a recent, large, multi-

center, prospective, observational study, confirmed that overall 

rates of en bloc resection were higher with ESD (94.5% versus 

56.9%, P,0.01), especially for larger lesions (40 mm). For 

larger lesions, the tendency was to choose ESD over EMR, 

especially for flat and mixed-type lesions.

Other cases
EMR/ESD can be safely performed with good results even 

for lesions in difficult locations of the colon,4 such as close 

to the dentate line,83 ileocecal valve,57,60 or appendiceal ori-

fice,84 while lesions that extend through the valve into the 

ileum or appendix should be referred for surgery.5 Large 

pedunculated polyps on the other hand can be resected by 

traditional hot snare loop polypectomy techniques at one third 

to one half the distance from the base of the polyp.4 Deep 

endoscopic  resection of large, difficult colon polyps and with 

full-thickness closure of the resected site under laparoscopic 

observation by the use of tissue apposition systems are novel 

treatment options which are being currently investigated.85 

Combined laparoscopic-endoscopic techniques have been 

recently introduced for resection of difficult large colonic 

lesions in selected cases.86,87 Other hybrid and full-thickness 

techniques are currently being evaluated in animal models.88,89 

These developments are paralleled by a rapid evolution in  

therapeutic devices and accessories as well. (See Table 3).32

Table 3 Large colonic polyps or lesions section, key points

•  Meticulous evaluation of the morphology (Paris classification), pitt-
pattern (Kudo classification) and vascular pattern (NICE classification) 
dictates indications and type of treatment choice for large (10 mm) 
colorectal lesions.

•  Endoscopic mucosal resection is effective in removing en-bloc lesions 
of 10–20 mm, and piecemeal lesions .20 mm, avoiding surgery in over 
90% of patients. Piecemeal resection is associated with high adenoma 
recurrence rates (25% of cases), easily treated with other endoscopic 
mucosal resection sessions.

•  Endoscopic submucosal resection is technically demanding, but has 
high en-bloc removal and low recurrence, rates (90% and 2% 
respectively).

•  Endoscopic mucosal resection and endoscopic submucosal resection 
have an overall similar colon-preserving efficacy.
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Complications
General principles
Even though colonoscopy with or without polypectomy is 

considered on the whole safe, it is not entirely free of risks. 

It can be associated with complications, such as bleeding, 

perforation, and post-polypectomy syndrome. Most of these 

complications are self-limiting or can be readily managed 

conservatively and/or endoscopically. More rarely, they can 

be life-threatening and/or require surgery.90

Diagnostic colonoscopy has an extremely low rate of 

complications, and virtually all complications are related to 

interventional colonoscopy, particularly polypectomy.90–93 The 

majority of complications in this setting has been imputed to 

electrocautery.2,90 All procedures dealing with removal of large 

polyps (conventional polypectomy, EMR, ESD, or their vari-

ants) include electrocautery.  Submucosal injection for creating 

a protective cushion is usually performed with the aim of reduc-

ing iatrogenic thermal injury in these cases,94 even though this 

may not always be  necessary.77 However, electrocautery should 

be avoided for the removal of small and diminutive polyps, 

with the possible exception of pedunculated polyps.2 In fact, 

in times when hot forcep and/or hot snare polypectomy were 

popular in this setting,31 unacceptably high complication rates, 

mainly perforations and delayed bleeding, were observed.2,95 

The unanimous conclusion of most recent studies is that 

cold polypectomy in this setting, either by forceps or snare, 

is safe, with virtually no major complications.13,36,37,40–42,52,96 

This should hence be the standard for safe and qualitative 

polypectomy for small and diminutive polyps. Some of the 

risk factors for complications in this setting include multiple 

polypectomies, increased size, right colon location,96 an inex-

perienced endoscopist, and older age.93

Up to one third of patients report mild gastrointestinal 

symptoms after colonoscopy with polypectomy, including 

abdominal pain, bloating, diarrhea, and nausea, which usually 

resolve within 24–48 hours. Other complications, much rarer, 

but potentially more dangerous, include splenic hematoma or 

rupture, acute appendicitis, diverticulitis, incarcerated hernias, 

intramural hematoma, bacteremia, and colonic explosion.90

Bleeding
Bleeding, either immediate (during polypectomy) or delayed 

(usually within 1 week, but possible in up to 3–4 weeks), is 

the most frequently observed complication.2,90

Small and diminutive polyps
For small and diminutive polyps, the immediate bleeding 

rate has been reported to be in the order of 0.5%–2.2%, 

while delayed bleeding is rarer, in the order of 0.3%–

0.6%.13,95–99 Most of the bleeding observed in this setting is 

either self-limiting or easily treated in the same endoscopic 

session, with clip placement or adrenaline injection.13,96 

Some of the proposed methods of preventing bleeding, such 

as prophylactic use of hemostatic clips100 or prophylactic 

argon plasma coagulation, on the polypectomy scar101 do 

not seem to be useful for preventing delayed bleeding in 

this setting.

Most studies,37,95,96 although not all,13 do not consider 

antiplatelet agents, such as aspirin and nonsteroidal anti-

inflammatory drugs, a risk factor for bleeding in this 

setting, and hence international guidelines do not recom-

mend their routine discontinuation before colonoscopy or 

removal of small and diminutive polyps.102 Clopidogrel, 

on the other hand, seems to be associated with higher 

post-polypectomy bleeding rates.103 Anticoagulation 

therapy has also been previously reported in retrospective 

or case-control studies as being a risk factor for bleeding 

in diagnostic and therapeutic colonoscopy,95,99,104 and as 

such its suspension before endoscopy is recommended by 

practice guidelines.102 However, a recent, prospective, ran-

domized controlled study has concluded that continuation 

of anticoagulation therapy does not significantly increase 

the risk of bleeding after cold snare removal of small and 

diminutive polyps,42 and hence its discontinuation may 

not be necessary in this setting, especially in patients with 

high risk of thrombosis. In this scenario, polyp size has 

been consistently reported as an independent predictor of 

bleeding,13,96–99 while conflicting data exist regarding loca-

tion in the right colon.95,98

Large lesions
EMR/ESD have roughly similar reported intraprocedural 

and delayed bleeding rates, ranging from 1% to 10% in 

different studies.7,57,67,73,82,105 A recent systematic review and 

meta-analysis found an overall bleeding rate of 2% for ESD, 

with all cases being successfully managed endoscopically.6 

Increased size,106 right colon location,56,98,105,106 and aspirin 

consumption,105 have been reported as risk factors for delayed 

bleeding in this setting. Piecemeal resection and previous 

attempts at resection are not considered risk factors for 

delayed bleeding,105 whilst clip placement after EMR seemed 

to be a protective factor in a recent retrospective study.106

Pedunculated polyps are fed by multiple vessels and 

therefore have an increased risk of bleeding. Epinephrine 

injection to both the stalk and the polyp head,107 as well as 

looping108 and clipping67 techniques, have been deployed 
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successfully to reduce the risk of bleeding after hot snare 

polypectomy. Even though injection of epinephrine may 

only prevent immediate but not delayed bleeding,109 this is 

the most widely used preventive method, and many authors 

prefer reserving other techniques only for high-risk patients.5 

Some of the reported factors predisposing patients with large 

pedunculated polyps to a increased risk of bleeding include 

older age, type of current used, size and histology of polyps, 

stalk diameter, and use of anticlotting drugs.108,109

Perforation
Perforation (immediate or delayed) is the second most com-

mon complication of polypectomy.2,3 For small and diminu-

tive polyps, the risk of perforation is practically nil when cold 

polypectomy is performed.13,36,37 Perforation in polypectomy 

has in fact been mostly associated with electrocautery,110 so 

this technique is no longer advisable.2

On the other hand, removal of large lesions with EMR/

ESD is, as expected, associated with higher perforation rates. 

Of the two methods, EMR is safer, with reported perforation 

rates ranging between 0% and 1.5%.7,56,57,77,80 A recent system-

atic review found an overall perforation rate of nearly 4% after 

an ESD procedure,6 with rates ranging from 1.5% to 10% in 

the literature.7,82,111,112 Lack of experience is a major risk factor 

for perforation during an ESD procedure. Different authors 

have observed that the rate of complications in general, and 

perforations specifically, decreases with increasing experi-

ence, as well as improvement of devices and techniques.7,80 

Lesions larger than 50 mm7,80 and nongranular LST morphol-

ogy113 are two other important risk factors for perforation in 

ESD. Location at the proximal colon, especially the cecum, 

are also risk factors for perforation, since the colonic wall 

is thin, whilst rectal location is a protective factor against 

perforation since the wall is thicker and  retroperitoneal.105 

Recently, a risk  stratification scoring system showed good pre-

dictability for both success and complication rates after EMR 

for lesions larger than 20 mm.62 Future studies will be needed 

to validate this score. Most of the perforations observed 

with EMR/ESD can be successfully treated endoscopically 

with clip placement, and only a minority of patients require 

surgery.7,13,57 Use of over-the-scope clip114 and endoscopic 

suturing devices115 are recently introduced techniques for 

endoscopic management of ESD-related perforations, and 

need to be further validated.

Post-polypectomy coagulation syndrome
Post-polypectomy coagulation syndrome is a rare manifes-

tation of peritoneal irritation because of electrocautery but 

without evidence of perforation on computed tomography 

scan. It occurs in 1.35%–3.7% of patients undergoing 

excision of large lesions,67,68,106 but requires hospitalization 

in only 0.07%.116 It is characterized by fever, abdominal pain, 

and increased inflammation markers (C-reactive protein and 

leukocyte count). Post-polypectomy coagulation syndrome 

has an excellent prognosis and is managed conservatively 

with medical therapy.116

Death and stricture formation
Reported polypectomy-related mortality, even for advanced 

procedures such as EMR/ESD, is almost nil.2–7 ESD/EMR for 

very large lesions may rarely induce stricturing. Post-ESD/

EMR endoscopic tissue transplantation or decellularized 

biological scaffold placement may prevent such occurrence 

and is currently being tested in animal studies.117 In brief, 

removal of small and diminutive polyps is extremely safe, 

while removal of larger lesions is associated with acceptably 

low complication rates. This is especially significant when 

considering that patients very often avoid surgical interven-

tion and the related morbidity and mortality, as well as costs. 

(See Table 4).

Surveillance after polypectomy
As previously observed, polyps that are missed or incom-

pletely removed during index colonoscopy contribute to the 

development of interval colorectal cancer. This underscores 

the pivotal need for adequate surveillance policies. Two 

of the principal guidelines that impact worldwide clinical 

practice are those published by the European Society of 

Gastrointestinal Endoscopy (ESGE)118 and the United States 

Multi-Society Task Force (MSTF).119 Both guidelines stratify 

Table 4 Complications section, key points

•  Diagnostic colonoscopy is extremely safe. Complications arise mostly 
from polypectomy with electrocautery.

•  Bleeding is the most frequent complication of polyp removal (0.3–2% 
for diminutive and small polyps; 1–10% for endoscopic mucosal 
resection/endoscopic submucosal resection). in most cases, it is 
managed endoscopically. Risk factors include increased size and right 
colon location. Antiplatelet, or even anticoagulation agents do not 
seem to be risk factors for bleeding in small and diminutive polyps, 
whilst they are considered such for large polyps.

•  Perforation is the second most common complication (0% for 
small and diminutive polyps if electrocautery is avoided; 0–1.5% for 
endoscopic mucosal resection and 1.5–10% for endoscopic submucosal 
resection in large polyps). Most cases can be managed endoscopically. 
Risk factors include lack of experience, larger size and right colon 
location.

•  Post-polypectomy coagulation syndrome is rare (1–4% of cases; but 
only 0.07% require hospitalization). it is easily managed conservatively.
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patients according to the findings of the index colonoscopy. 

The recommendations are essentially as follows:

•	 if no polyps or adenomas are found, or in cases of only 

distal small hyperplastic polyps, control colonoscopy 

should be performed after 10 years (MSTF)

•	 if low-risk adenomas (LRA; 1–2 tubular ade-

nomas, ,10 mm, low-grade dysplasia) are found, control 

colonoscopy should be performed after 10 years (ESGE) 

or 5–10 years (MSTF)

•	 if high-risk adenomas (HRA; three or more ade-

nomas or 10 mm, villous histology, or high-grade 

dysplasia) are found, control colonoscopy should be 

performed after 3 years (ESGE, MSTF); in the event of 

piecemeal removal of large lesions, control endoscopy 

may be considered in less than 1 year (MSTF) or at 6 

months (ESGE)

•	 if more than ten adenomas are found, this is considered 

a HRA group, hence control endoscopy should be per-

formed in less than 3 years (MSFT) and the patient should 

be referred for genetic counseling (ESGE)

•	 for sessile serrated polyps, if ,10 mm and no  dysplasia, 

control endoscopy should be performed at 5 years 

(MSTF) or 10 years (ESGE); if 10 mm or dysplastic, 

control endoscopy should be performed at 3 years (ESGE, 

MSTF); if serrated polyposis syndrome, control should 

be performed at 1 year (MSTF) and the patient should be 

referred for genetic counseling (ESGE).

Thereafter, surveillance recommendations depend on 

the findings at first surveillance colonoscopy. The recom-

mendations can be summarized as follows:

•	 if LRA were detected at index colonoscopy, and first 

surveillance colonoscopy is negative, control endoscopy 

should be performed at 10 years (MSTF)

•	 if LRA were detected at index colonoscopy and at first 

surveillance, control endoscopy should be performed at 

5 years (MSTF) or 10 years (ESGE)

•	 if LRA were detected at index colonoscopy and HRA 

detected at first surveillance, control endoscopy should 

be performed in 3 years (MSTF)

•	 if HRA were detected at index colonoscopy and first 

surveillance colonoscopy is negative, control endoscopy 

should be performed in 5 years (ESGE, MSTF)

•	 if HRA were detected at index colonoscopy and LRA at 

first surveillance, control endoscopy should be performed 

in 5 years (MSTF)

•	 if HRA were detected at index colonoscopy and HRA is 

detected at first surveillance, control endoscopy should 

be performed in 3 years (ESGE, MSTF).

Both guidelines advise against the use of interval fecal 

occult blood tests, and both recognize that these recom-

mendations should be adapted to each clinical scenario 

presented to the physician. Finally, recommendations from 

both guidelines work under the assumption that a high-quality 

colonoscopy with complete removal of all neoplastic tissue 

occurred at baseline. If, on the other hand, there is a poor 

quality index colonoscopy, the intervals between controls 

should be reduced.

Conclusion
Over the last decades, colonoscopy with polypectomy has 

shown remarkable success in preventing colorectal cancer. 

Cold snare polypectomy seems the best option for small and 

diminutive polyps, while hot biopsy forcep removal should 

be abandoned. Relatively high rates of missed polyps and 

incomplete polyp resection rates are the two most important 

problems of which the endoscopists should be aware today. 

Endoscopic removal of large colonic lesions either by EMR, 

ESD, or one of their variants, is now feasible, with high suc-

cess rates and acceptably low complications, reducing the 

need for surgery. Therefore, it should be considered the first 

choice in this setting, whenever feasible. Future efforts should 

concentrate on developing didactic programs, endoscopic 

instruments, and accessories aimed at improving quality 

of colonoscopy with regard to both ADR, macroscopic and 

in vivo microscopic evaluation, as well as complete excision 

rates for both small and large colonic lesions. EMR and 

ESD procedures are still technically difficult. Improvement 

of already existing techniques and development of novel 

advanced resection techniques hold promise for expanding 

the boundaries of endoscopic resection in the near future 

beyond the current limits. Prevention of colorectal cancer 

and reduction in the need for surgery is an already present 

reality, which needs to be further implemented.
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