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Abstract D

Polyps are precursors to olorectal cancer, the third most common cancer in the United
States. Large polyps, those with a size =2 20 mm, are more likely to harbor
cancer. Colonic polyps can be removed through various techniques, with the goal to
completely resect and prevent colorectal cancer; however, the management of large
polyps can be relatively complex and challenging. Such polyps are generally more
difficult to remove en bloc with conventional methods, and depending on level of
expertise, may consequently be resected piecemeal, leading to an increased rate of
incomplete removal and thus polyp recurrence. To effectively manage large polyps,
endoscopists should be able to: i) evaluate the polyp for characteristics which predict
high difficulty of resection or incomplete removal, ii) determine the optimal resection
technique (e.g. snare polypectomy, endoscopic mucosal resection, endoscopic
submucosal dissection, efc.), and iii) recognize when to refer to colleagues with greater
expertise. This review covers important considerations in this regard for referring and

receiving endoscopists and methods to best manage large colonic polyps.
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Core Tip: Large polyps, often defined as = 20 mm in size, are generally more
challenging to resect than smaller polyps with regard to both difficulty of complete
removal and the risk of adverse events. To effectively manage large polyps,
endoscopists should be able to evaluate the polyp for characteristics which may
increase the difficulty of polyp resection, determine the optimal resection technique,
and recognize when to refer to colleagues for more advanced approaches. Herein, we

review important considerations and methods to best manage large colonic polyps.
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INTRODUCTION

Colonic polyps have a risk of developing into colorectal cancer (CRC), t}ﬁ third most

common cause of cancer-related deaths in the United States!!l. Prior studies have
demonstrated that the removal of adenomatous polyps during a colonoscopy is
associated with a significant reduction in CRC-related deathl2?l. However, achieving
complete resection of a polyp can be challenging, especially with larger polyps.
Previous studies have reported that 70-90% of CRCs are preventable with routine
screening colonoscopy and polypectomyPl; however, 7-9% are reported to occur despite
being up-to-date with colonoscopyl. This subset of CRCs is thought to be likely due to
either missed polyps or incompletely removed polyps.

The risk of incomplete polyp removal has been reported to increase with
increasing polyp sizel5l. “Large polyps” are generally defined as being = 20 mm in size
(though other cut offs may also be used) and carry a greater likelihood of underlying
advanced dysplasia and carcinomal®l. Indeed, the term “advanced adenoma”[”l has been
introduced to stress the clinical and histopathological significance of polyps = 10 mm in
size. With advances in polyp removal techniques, management of large polyps has
shifted away from surgery and towards endoscopic resection, using novel methods like
endoscopic submucosal dissection (ESD) and endoscopic mucosal resection (EMR). In
this review, we expound key considerations and techniques to best manage large

colonic polyps from the perspective of both the referring and the receiving endoscopist.

INITIAL EVALUATION OF A COLONIC POLYP

Inspection goals and components

When a polyp is detected, a decision must be made whether endoscopic resection is
possiblel®?], and if so, what the best method of resection may be (Figure 1). Certain
features, including large size, can pose a technical challenge for complete resection and
may indicate a need for advanced endoscopic techniques, as discussed in forthcoming

sections, or surgical resectionl’l. In addition to polyp size, features including
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morphology, location, and associated local features are all important determinants in
gauging endoscopic resectability[!?l. For instance, pedunculated polyps tend to be, on
average, easier to grasp (along the peduncle or “stalk”) and resect as opposed to sessile
polyps(i112l. Polyp location also influences resectability, as right-sided lesions tend to be
more difficult to resect due to the presence of colonic folds which can impede
visualization and maneuverability, increasing the risk of incomplete removal, among
other factors(13l. Surface characteristics, discussed in the next section, can also predict
submucosal invasion, which may prevent safe resection. Invasive cancers are associated
with polyps that fail to lift with submucosal injection, a non-granular surface, depressed
subtype, firmness, and redness(4-16. However, non-lifting does not always predict
invasion, as a failure to lift can also be seen in previously biopsied or partially resected
polyps with associated tissue fibrosis. Finally, associated local features can impact
endoscopic resection; for instance, severe refractory colitis can impede large polyp
resection and potentially result in the need for a colectomy[l7l. Endoscopic ultrasound
(EUS) can be used to evaluate rectal polyps (in particular T stage) and determine
feasibility of endoscopic resection when the endoscopic appearance is concerning for
possible deep invasion.['8191 When EUS is not available or feasible (e.g. polyps proximal
to the rectosigmoid), cross-sectional imaging such as magnetic resonance or computed
tomogaphy can be considered.

Size, morphology, site, access (SMSA) is a scoring system used to predict the
difficulty encountered during polyp resection/?’l. The scoring is as follows: size (1-9
points), morphology (1-3 points), site (1-2 points), and access (1-3 points). Based on the
total score, polyps are classified as Level 1 (4-5), Level 2 (6-9), Level 3 (10-12), or Level 4
(>12). This system provides an objective assessment of the complexity of a polyp with
higher scores suggesting increased complexity. Endoscopists should be aware of
complex (and usually large) polyps scored under this system and consider the level of
expertise needed to deal with these difficult polyps, referring the patient in necessary
cases. Endoscopically unresectable polyps are generally referred to surgery, and are

often managed with segmental colectomy, though studies have reported success using
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hybrid laparoendoscopic approaches i.e. combined endoscopic laparoscopic surgery

(CELS), to avoid colon resectionl2!22],

Polyp classifications systems

In addition to the features mentioned thus far, critically important here is determining
whether a polyp is benign or premalignant, and within the latter, the degree of
dysplasia that may be harbored within. There are several validated systemﬁthat can
help to characterize and classify polyps in this regard, including the Paris
classification/?®], the narrow-band imaging international coloregtal endoscopic (NICE)
classification/?!], and the Kudo pit pattern classification/?>l. The Paris classification
classifies polyps as pedunculated (1p), sessile (1s), flat (Ila, IIb, Ilc), or ulcerated (IIT)124.
It also classifies surface morphology as granular or non-granular for non-pedunculated
polyps (Is and II). However, recent studies have questioned the validity of the Paris
classification because of interobserver variability, recommending the system not be
used for rtatine practicel26:27]. The NICE classification classifies polyps as hyperplastic
or sessile serrated polyps (SSP) (type 1), conventional adenomas (type 2), or deep
submucosal invasive cancer (type 3) based on color, associated vessels, and surface
patternsi24l. The Kudo classification, classifies polyps based on mucosal surface analysis.
Also called the pit-pattern system, it requires magnification during colonoscopy to
evaluate the pit pattern of polyps. This classification system classifies pit patterns as
round (Type I), papillary/stellar (Type II), tubular or small round (Type 11I-S), large
tubular or round (Type III-L), gyrus/branch-like (Type IV), non-structured/amorphous
(Type V-I), and decrease of amorphous pits (Type V-N). Typeland II polyps are
considered benign while types III-V are considered to show neoplastic and malignant
changes[23]. Despite the existence of the above classification systems, it is important to
note that there is significant variability and agreement as to what the optimal method of

classifying polyps should be.

Artificial intelligence and polyp detection
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The emergence of artificial intelligence (AI) applications has direct implications in
colonoscopy practices. The use of computer-aided detection (CADe) software has been
demonstrated to decrease the polyp miss ratel??], especially for non-polypoid lesions in
the right colon. AI has also been used to characterize polyps, also known as
colonoscopy practice-polyp characterization (CADx). This can improve the accuracy of
polyp diagnosis and reduce unnecessary resection of non-dysplastic polypsi29l.
Although data on the outcomes of Al for polyp detection are evolving rapidly, the few
completed studies have demonstrated a significant increase in the detection of
adenomas and polyps[3031. However, the detection of more polyps does not necessarily
improve outcomes; one study found that non-advanced adenomas were detected to a
greater extent using Al-colonoscopies while identification of advanced adenomas was
not substantially improved!32l. More research is needed to determine the value of Al

systems in polyp detection and characterization.

CONSIDERATIONS FOR THE REFERRING ENDOSCOPIST

Provider experience

Studies have shown that incomplete polyp removal in daily clinical practice, especially
in the case of large polyps, can contribute to future interval cancersl®l. Consequently,
appropriate technique and complete resection of large colonic polyps is essential in
preventing CRC (Figure 1). Incomplete removal renders future endoscopic resection
more challenging; therefore, an endoscopisﬁshould aim for complete resection on the
first attempt. For polyps = 20 mm in size, the United States Multi-Society Task Force
(USMSTF) recommends that an endoscopist be experienced in advanced polyp
resection techniques to ensure complete resectionl®l. Although polyps that are
endoscopically resectable are occasionally sent for surgery, studies show that only
about 5-10% of patients subsequently require surgery if they undergo resection first!34l.
Knowing your expertise and comfort level is particularly important on a variety of
levels in the case of polyps that may be challenging to resect; for instance, it is relevant

to ensuring the best outcome for the patient, peace of mind for the performing provider,
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and to avoid potential medical professional liability. Referring to a more experienced
provider for a complete resection is thus generally recommended over attempting to
complete a polypectomy but failing to achieve complete resection, especially if thermal
energy is applied in the process and/or when the a priori probability of incomplete
removal seems high. In addition, biopsies of the polyp should be performed with
caution so as to avoid scarring and complicating future endoscopic resection. If a biopsy

is needed, the biopsy should be performed cold and avoid flat areas of the lesion[35l,

Tattoo placement
If a polyp is deemed unresectable by a provider, it is often advised to tattoo so it can be
easily recognized by the receiving provider. Currently, India Ink, a compound known
commercially as “Spot Ex,” is most commonly used for endoscopic tattooingl3l. With
respect to tattoo location and number of tattoos, best practice depends in large part on
whether the polyp is planned for referral to a surgeon or to an advanced endoscopist, as
shown in Figure 2[57.38], Generally speaking, a tattoo should be placed a) immediately
distal to the polyp and circumferentially in multiple quadrants to facilitate
intraoperative visualization when planning to refer for surgical resection or b) in one
quadrant 3-5 cm distal to the polyp, with care to not inject into or under the polyp,
when planning to refer for advanced endoscopic resection. Tattoo placement may not
be necessary if the polyp is in the cecum or distal rectum, as these locations are typically
easily identifiable on future examinations, but this may vary based on individual (e.g.
anatomical) and institutional (e.g. surgeon or advanced endoscopist preference)
factorsl?l. Irrespective of such factors, photodocumentation and clear description
regarding tattoo placement are criticall%40],

With respect to tattoo injection technique, a few options exist. The “bleb” method
is one which is considered reliable for the placement of tattoosl4!l, wherein, 0.5 to 1.0 mL
of saline is placed into the submucosa, followed by a needle inserted into the saline bleb
to inject the tattoo agent. The bleb method ensures that the tattoo only enters the

submucosal space and not into extracolonic tissue. A second method involves directly
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injecting the tattoo into the submucosa and lifting the needle toward the center of the
lumen, although this technique requires greater expertisell. Of note, analogous to
polypectomy snares, different length and caliber injection needles are available, the
appropriate choice of which may, depending on polyp location and other
considerations, best facilitate tattoo placementl*2-44l; for instance, a shorter, smaller
caliber needle may be opted for when tattooing a right colonic polyp in a coagulopathic

patient (as opposed to a standard/Larger length and caliber needle for a rectal polyp).

Adverse events with tattoo placement

Adverse events (AEs) associated with endoscopic tattooing, albeit rare, have been
reported. For example, tattooing can cause submucosal fibrosis (Figure 3) and
consequent muscle injury during future endoscopic resection if the tattoo ink spreads
underneath the polyp, e.g. if injection is performed too close to or into the polyp or if an
excess volume of ink is injected (which can later dissipate laterally to involve the
submucosa below the polyp)i4l. Thus, when a polyp is planned for referral for
endoscopic resection, the closer the tattoo is to the polyp, the less tattoo volume should
be used. Reports of inflammatory responses, localized necrosis from an inflammatory
pseudotumor, and rectus muscle abscess have also been described[4>-47l. These potential
AEs should be taken into account when placing an endoscopic tattoo and accordingly

established techniques should be followed.

THE PERFORMING ENDOSCOPIST: RESECTION TECHNIQUES AND
CONSIDERATIONS

The endoscopic resection technique that is used largely depends on the morphology of
the polyp, in particular its size and whether it is pedunculated or not, as discussed

belowl®1,

Pedunculated polyps
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Large polyps can be pedunculated or non-pedunculated. For pedunculated polyps = 10
mm in size, hot snare_polypectomy (HSP), in which electrocoagulation is used for
resection, is suggestedzn.pFor larger pedunculated polyps, epinephrine injection into the
head or stalk can also be considered to reduce the polyp size and make resection
easierl*sl. Other strategies include using a detachable loop or placing clips at the polyp
stalk before resection. Cold snare polypectomy (CSP) may also be used for resection and
has been reported to have a lower rate of post-polypectomy bleeding[4l; however, the

rate of complete resection may be higher with HSP compared with CSP when resecting

large pedunculated polyps!50l.

Non-pedunculated polyps

Endoscopic mucosal resection (EMR)

The majority of non-pedunculated (i.e. sessile) polyps can be removed by EMR. In this
technique, fluid is injected submucosally to lift the polyp and facilitate resection. Many
variations of this technique have been developed, such as hot snare EMR, cold snare

EMR, and underwater EMR.

Hot snare EMR (HS-EMR)

In the hot snare EMR (HS-EMR) technique, the underlying submucosa is first injected
with a contrast dye, such as methylene blue, to achieve lifting of the polyp, which
allows optimal placement of a snare to grab the polyp away from the mucosa, followed
by resection with application of electrocautery. Polyps < 20 mm in size can be removed
entirely (en bloc resection), while larger polyps can be removed in segments (piecemeal
resection). Because HS-EMR utilizes electrocautery, it can minimize intraprocedural
bleeding of cut tissue due to its coagulation effect and also destroy the polyp margins,
thus leading to a lower recurrence ratel’.. However, the use of electrocautery is also
associated with a higher risk of post-procedural bleeding and perforation, compared to

the cold snare techniquel5.
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Cold snare EMR (CS-EMR)

Cold snare EMR (CS-EMR) allows for large polyp resection without use of
electrocautery. In this variation of EMR, the submucosa may be injected to raise the
polyp, similar to HS-EMR, after which the snare is then opened slightly larger than the
area of the polyp (resecting some normal tissue margin) to remove it en bloc or
piecemeal. As previously mentioned, this technique is associated with lower rates of
post-procedural bleeding and perforation compared to HS-EMR. Studies of CS-EMR
have shown low rates of polyp recurrence and AEs with excellent resection rates[52-54].
Although HS-EMR is currently the standard of care in endoscopic resections, CS-EMR

represents an equally effective and safe resection method for large polyps.

Underwater EMR (UEMR)

Given that complete en bloc resection rates decrease in polyps = 10 mm using
traditional EMR techniques (which in turn increases the rate of recurrence), underwater
EMR (UEMR) has been proposed as an alternative effective strategy to resect large
polypsl819], This method avoids the use of submucosal injection by aspirating gas and
instilling water into the colonic lumen, which raises the mucosal pathology (polyp)
away from the underlying submucosa, allowing safer and complete resection of the
polyp. Especially useful in the case of large polyps, UEMR has shown significantly
increased rates of RO resections for polyps 10-20 mm in size without increasing the rate
of AEsl%l. This variant of EMR represents a viable alternative to traditional resection

techniques for large polyps that are difficult to remove completely.

Endoscopic submucosal dissection (ESD)

Endoscopic submucosal dissection (ESD) allows for the complete removal of polyps too
large for EMR (= 20 mm in size) and/or that are strongly suspicious for cancer. ESD is
also utilized in cases with suspected submucosal invasion, local early carcinoma, or

laterally spreading polyps/tumorsl®l. Studies have demonstrated that ESD may have
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better outcomes for larger polyps, as EMR often requires piecemeal removal which has
an increased rate of recurrence (about 20% 571,

In ESD technique, the area underneath the polyp is first injected E lift the polyp,
followed by creation of an incision into the mucosa using an ESD knife. The submucosal
edges are trimmed to allow access to the submucosal plane where the dissection is
performed (Figure 4), resulting in an en bloc resection of large polyps/tumors. While
ESD has excellent rates of en bloc resection, it has higher rates of AEs compared to
EMR, including perforation, bleeding, and hospitalization related to the procedurel>!.
Low-voltage coagulation (“soft” ESD) can be performed after resecting the polyp to
reduce the risk of post-resection bleeding!>?l.

il

Endoscopic full-thickness resection (EFTR)

Endoscopic full-thickness resection (EFTR) is a novel approach which enables all layers
of the colon wall to be removed[®!l. This technique is often used for polyps < 30 mm in
size which either fail to lift after submucosal injection or that are difficult to resect with
conventional EMR techniques. Multiple studies have shown the efficacy and safety of
EFTRI®, in both animal models and human patients, with excellent resection rates for
non-lifting adenomas and low rates of AEs (about 14%)[2l. The technique uses a full-
thickness resection device (FTRD®), which has been shown to enable complete
resection of polyps beneath the mucosal®l. At this time, EFTR is not widely practiced as

few endoscopists are trained in this technique.

Post-resection elements

Endoscopic clipping

Bleeding, the most common AE after EMR, is more likely to occur in patients
undergoing resection of large polyps, polyps = 10 mm with a thick stalk, right-sided
polyps, and in patients on anticoagulation/antiplatelet agents or with comorbid
conditions that increase the risk of bleedingl®®l. Clipping can be used to effectively

stop or prevent bleeding through mechanical pressure. In one study, endoscopic
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clipping significantly reduced the risk of bleeding after resection of large polyps (= 20
mm), with 7.6% of subjects without clipping having bleeding compared to 4.3% with
clippingl®l. In addition, clip placement is often utilized to close post-polypectomy

mucosal defectsl671,

Surveillance

After complete resection of large polyps, close surveillance is recommended to detect
disease recurrence and/or metachronous colorectal polyps. Surveillance is important
for early detection of asymptomatic and resectable recurrences, which increases
patients” chances for curative therapyl®l. The USMSTF recommends that colonoscopy
should be performed within 1 year after resection to look for metachronous polyps. If
this examination is normal, a subsequent examination should be performed after 3
years, and then 5 years (if the second examination is also normal). However, shorter
examination intervals may also be used if additional polyps are found!®l. Shorter
examinations are also favored in the case of piecemeal resection of a large polyp
because of the significantly increased risk of residual polyp tissue and recurrence. Thus,
a period of 2-6 mo is typically the recommended interval for surveillance colonoscopy

in such caseslt?],

CONCLUSION

2]
As endoscopic resection techniques have evolved, there has been a shift in the

management of large colonic polyps from being referred for colon surgery to
endoscopic resection. Effective resection of these large polyps can be complex, but
success has been documented using methods like EMR and ESD. Endoscopists should
be comfortable at recognizing large colonic polyps through classification systems such
as the NICE or Paris classification, and these polyps should be resected by endoscopists
experienced with advanced resection techniques. Standardized practices coupled with

clear communication can help ensure optimal outcomes.
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