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Abstract

Due to the advent of the screening programs for colorectal cancer and the era of
quality assurance colonoscopy the number the polyps that can be considered
difficult, including large (> 20 mm) laterally spreading tumors (LSTs), has
increased in the last decade. All LSTs should be assessed carefully, looking for
suspicious areas of submucosal invasion (SMI), such as nodules or depressed
areas, describing the morphology according to the Paris classification, the pit
pattern, and vascular pattern. The simplest, most appropriate and safest
endoscopic treatment with curative intent should be selected. For LST-granular
homogeneous type, piecemeal endoscopic mucosal resection should be the first
option due to its biological low risk of SMI. LST-nongranular pseudodepressed
type has an increased risk of SMI, and en bloc resection should be mandatory.
Underwater endoscopic mucosal resection is useful in situations where
submucosal injection alters the operative field, e.g., for the resection of scar
lesions, with no lifting, adjacent tattoo, incomplete resection attempts, lesions into
a colonic diverticulum, in ileocecal valve and lesions with intra-appendicular
involvement. Endoscopic full thickness resection is very useful for the treatment
of difficult to resect lesions of less than 20 up to 25 mm. Among the indications,
we highlight the treatment of polyps with suspected malignancy because the
acquired tissue allows an exact histologic risk stratification to assign patients
individually to the best treatment and avoid surgery for low-risk lesions.
Endoscopic submucosal dissection is the only endoscopic procedure that allows
completes en bloc resection regardless of the size of the lesion. It should therefore
be indicated in the treatment of lesions with risk of SMI.

Key Words: Colorectal polyps; Laterally spreading tumors; Endoscopic mucosal resection;
Underwater endoscopic mucosal resection; Endoscopic full thickness resection; Endo-
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Core Tip: The number of detected large laterally spreading tumors has increased in the last decade. Herein,
we review the current landscape of different endoscopic techniques that allow us to resect difficult
laterally spreading tumors. We also describe strategies in problematic situations such as scarred lesions or
difficult areas and how to treat adverse events related to colonoscopy.
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INTRODUCTION

Therapeutic endoscopy is nowadays a well consolidated area in the gastroenterology field, covering
techniques such as gastroscopy, colonoscopy, enteroscopy, endoscopic retrograde cholangiopancreato-
graphy and therapeutic endoscopic ultrasound. In the last decade, techniques for resection of early
gastrointestinal neoplasia have become widespread worldwide and gaining popularity among young
endoscopists with special interests in learning endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD). The main societies have published their statements[1-4].

On the other hand, with the advent of the screening programs for colorectal cancer and adopted in
Europe, Australia, Asia and North America and the era of quality assurance and high-definition
colonoscopy, the number of advanced mucosal neoplasia and early cancer in the colon, including the
polyps that can be considered difficult, has increased in the last decade[5]. The definition of a difficult
polyp is not well established. These polyps are typically defined by their size (generally considered as
those greater than or equal to 20 mm), morphology, location, biology and previous manipulation

Figure 1).

( :Phus, 2he endoscopist should have the skills to detect and characterize all types of colorectal lesions
and should be able to predict their risk of deep submucosal invasion (SMI) with high accuracy and
proceed to endoscopic resection if it is indicated. The optical diagnosis with image-enhanced endoscopy
is the key and mandatory first step before management of a colorectal polyp. First, morphology should
be assessed and described according to the Paris Classification, including surface [granular or non-
granular in cases of laterally spreading tumors (LSTs) or presence of ulcerations] and looking for
demarcated areas (nodules, depressions or marked erythema). Then, virtual chromoendoscopy with
blue light technology should be applied to investigate the surface and microvascular patterns. There are
different classifications that help predict the risk of deep SMI, like Narrow Band Imaging (NBI) Interna-
tional Colorectal Endoscopic classification that does not need optical zoom or Japan NBI Expert Team
(JNET) classification that uses optical zoom. The subclass JNET3 includes deep submucosal invasive
lesions; JNET2a includes mostly intraepithelial lesions (e.g., low-grade dysplasia), while that of JNET2b
could be found in intramucosal lesions and lesions with SMI. In those cases, pit pattern evaluation with
chromoendoscopy and optical zoom using crystal violet or indigo carmine should be recommended,
especially in the demarcated areas that may have a higher risk of SMI[6].

The endoscopic treatment of colorectal lesions should be reserved to all early neoplastic lesions with
low risk of SMI and thus ideally no risk of lymph node metastasis. If the lesion is considered to have
risk of lymph node metastasis, surgery should be considered as a first option.

There is strong evidence now to recommend the EMR as the first-line therapy for non-invasive
lesions. It has good results and lesser mortality compared to surgery, and the patients could be
discharged the same day (even elderly patients or patients with a severe comorbidity)[7,8].

Herein, we review the techniques for endoscopic resection of the LST, including complex lesions.

LATERALLY SPREADING COLORECTAL TUMORS

The term LST, initially reported by Kudo et al[9], refers to flat lesions larger than 10 mm that grow
laterally along the colonic wall, being classified as granular (LST-G) and non-granular (LST-NG).

The LST-G can be classified as LST-G homogeneous type (Paris Classification 0-IIa) if they show a
granular homogeneous surface (usually < 3 mm) or as LST-G nodular mixed type (Paris Classification 0-
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Morphology Special location Biology Previous manipulation
Non-granular morphology;  Appendicular orifice; Poor/Non-lifting (Fibrosis, desmoplastic Tattooing;

Large sessile; Depressed Ileocecal valve; Diverticulum; reaction); High impedance (fat); Easy Biopsies/“macrobiopsies;” Prior
area Anal margin; Flexures bleeding (arterioles hiding in fat, high resection attempt

density of vessels)
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Figure 1 Characteristics that make a polyp difficult.
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IT + Is) if they have one or more sessile nodules, with those greater than 10 mm carrying an increasing
risk of SMI. The LST-NG can be classified as LST-NG flat type (Paris Classification 0-IIa) or LST-NG
pseudodepressed type (Paris Classification 0-Ila + IIc)[10].

Their characteristic growth (lateral rather than vertical) appear to be caused by adequate co-
expression of B-catenin and E-cadherin in the basolateral membrane, type IV collagen along the
basement membrane and expression of atypical protein kinase A/1 (an essential cell polarity regulator)
like normal colonic mucosa[11].

They also seem to overexpress lipocalin-2 and metallopeptidase-9 in a correlated manner to advanced
stages (worse pathology grading), being both suggested as potential serum biomarkers for LST
progression[12].

The types of LST have a different biology. For example, the LST-G type express CpG island
methylator phenotype-high involving more than two loci and has a high prevalence of K-ras mutations
(especially in the right colon), whereas the LST-NG type have less K-ras mutations and are CpG island
methylator phenotype-low[13,14]. New non-invasive diagnostic biomarkers are being explored with the
microbiome signature being one of them.

Clinically, the LST-NG type tend to be more aggressive with a higher incidence of advanced
carcinoma, especially the pseudodepressed type, with incidences of 19.8%-43.4%. On the other hand,
LST-G type tend to have less submucosal carcinoma, being rare in the LST-G homogeneous type (0.5%;
95%Cl: 0.1%-1.0%) irrespective of the size of the lesion (Figure 2)[15].

Location is variable. Granular type is more often localized in the cecum and rectum and non-granular
in the right colon[16].

For large LST-G homogeneous type, piecemeal EMR should be the first option irrespective of the size
of the lesion most of the time due to its biological low risk of SMI. For LST-G nodular mixed type careful
inspection of the surface and vascular patterns (specially in nodules > 10 mm) should be done to rule
out signs of deep SMI prior to treatment.

For LST-NG type, en bloc resection should be considered as the first option in all cases due to its
higher risk of SMI (especially for the pseudodepressed type). Thus, ESD or surgical treatment should be
decided according to local expertise in case the lesion is too big for en bloc EMR. Endoscopic full
thickness resection (EFTR) may be an alternative if the lesion is suitable.

In some cases, LST-NG flat type might be resected in piecemeal if the surface and vascular patterns
show no signs of SMI. These considerations are summarized in Table 1.

ELECTROSURGICAL PRINCIPLES FOR EMR

Knowing the basic principles of diathermy is mandatory for endoscopists. Knowledge on the
management of electrosurgery may be able to improve procedural outcomes and safety for our patients
[17].

Electrosurgery uses radiofrequency electricity to generate heat in the tissue itself rather than applying
heat from an outside source. The snares and most endoscopic knives commonly used in the west are
monopolar [the electricity flows from the active electrode (snare) to the neutral electrode placed in the
patient skin]. Fortunately, the electrosurgical units use high frequency alternating current (300 kHz to 5
MHz) to avoid neuromuscular stimulation. Thus, the risk of complications is mainly related to the
amount of heat produced.

Power is the amount of energy consumed per unit time, and it is measured in watts. The energy
dissipated as heat when the electric current (amperes) passes through the resistance (ochms) of the tissue
held by the snare is measured in joules. There are two main clinical effects when the electric current is
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Table 1 Considerations for endoscopic treatment in laterally spreading tumors

LST suitable for LST not suitable for
. Comments ) Comments
piecemeal EMR piecemeal EMR
LST-G homogeneous type  Very low risk for deep SMI, independent of size of the lesion LST-NG pseudodepressed  En bloc resection
type
LST-G mixed nodular type  Consider en bloc resection first. If not, careful inspection of LST-G mixed nodular or En bloc resection (e.g.,
with no signs of SMI surface/ pit pattern and vascular pattern specially in the larger NG flat with risk of SMI JNET?2Db, pit pattern V)

LST-NG flat with no

nodules (= 10 mm), resect the nodular area apart (e.g., JNET2a)

Consider en bloc resection first. If not, careful inspection of

demarcated area and no surface/ pit pattern and vascular pattern (e.g., JNET2a)

signs of SMI

EMR: Endoscopic mucosal resection; G: Granular type; JNET: Japan Narrow Band Imaging Expert Team; LST: Laterally spreading tumor; NG: Non-

granular type; SMI: Submucosal invasion.

Morphology according to Paris Classification Risk of deep SMI

LST-G homogeneous

type (0-IIa) 0.5% (CI 0.1%-1.0%)

LST-G mixed nodular type (0-IIa + Is) 10.5% (CI 5.9%-15.1%)

|

LST-NG flat type (0-IIa) 4.9% (CI 2.1%-7.8%)

LST-NG pseudodepressed type (0-IIa + IIc) 31.6% (CI 19.8%-43.4%)

DOI: 10.4253/wjge.v14.i3.113 Copyright ©The Author(s) 2022.

Figure 2 Risk of submucosal invasion.
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applied to the tissue by the snare: boiling (cells burst resulting in cutting tissue) and coagulation. If there
is more current per unit of area (current density), then more heat is produced; therefore, the smaller the
area of tissue trapped into the snare, a lesser amount of power is needed to heat the tissue.

Electrosurgical cutting is produced when a continuous alternating current with more than 200 voltage
peaks is applied to the tissue, raising very rapidly the intracellular fluid temperature and boiling the
cells (so they burst) with steam formation. Electrosurgical coagulation is produced if the tissue is heated
slowly by an intermittent electric current. The temperature rises within cells, the cells shrink, and the
cellular proteins coagulate, turning the tissue white (like the effect of heating the albumin of an egg).
However, if current application to the tissue continues, then it produces carbon and smoke. This thermal
damage may obscure the specimen margins on pathological evaluation.

If the current used has less than 200 voltage peaks, then the effect would be a superficial “pure
coagulation” (e.g., SOFT COAG mode in ICC 200 and VIO 300D; ERBE, Tiiebingen, Germany). If the
current used has more than 200 voltage peaks and is activated 10% or less of the time (of the duty cycle,
the fraction of time current flows each second that the activating pedal is depressed), then it would
produce a deep coagulation (FORCED COAG mode of ERBE has 4% duty cycle). Even the “purest”
cutting current can have some coagulation effect in the tissue around the cutting area where there is not
enough heating to boil the cells but to dehydrate and coagulate proteins. Thus, the more cutting or
coagulating effect would depend on the duty cycle. The more time energy is delivered by pushing the
pedal, the greater the heat is produced and the chances of having a thermal-related complication, such
as deep muscle layer injury or perforation.

To perform an EMR, alternating cutting and coagulating output is very useful (e.g., in the ENDOCUT
mode of ERBE that alternates cutting current with SOFT COAG). For ERBE VIO 300, it would be
recommended to use ENDO CUT Q effect 3 (cut duration 1, cut interval 6) for cutting and SOFT COAG
Effect 4 (max. watts 80) for snare tip soft coagulation. The power settings (if they are not self-regulated
by the electrosurgical units) should be adapted to the instrument used according to the manufacturer’s
recommendation, and it is recommended to use the lowest power that will allow the resection[18].
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Once we have set the mode and power, we can control by closing the snare on the area of tissue to
resect (smaller area, less current needed for tissue cell burst) and the time we deliver that power to the
tissue by pressing the pedal. The timing of the pedal is also very important during ESD.

MATERIALS

Endoscope

Nowadays, endoscopes with optical narrow band technology using “blue light” to display the mucosa
and vessels in high contrast, such as NBI (Olympus, Tokyo, Japan), Blue Light Imaging (Fujifilm, Tokyo,
Japan) or i-scan Optical Enhancement (Pentax, Tokyo, Japan), should be used for endoscopic assessment
of the lesion prior to resection, especially if there is optical magnification, to rule out signs of SMI[19].

Olympus has recently incorporated new postprocessing functions in the EVIS X1 system that includes
extended depth of field and texture and color enhancement imaging that improves the visibility using
white light endoscopy and red dichromatic imaging that enhances the visibility of deep blood vessels
and bleeding. These functions could help diagnose and manage complications.

To facilitate resection for polyps in the rectosigmoid area and proximal colon, a gastroscope and a
pediatric colonoscope or a short colonoscope may be used, respectively[20]. New colonoscopes like the
RetroView™ EC34-i10T, PCE-H190TL /I EVIS EXERA III (Olympus) and Eluxeo EC-740TM/TL [Treier
Endoscopie (part of the Duomed Group), Beromiinster, Switzerland] provide excellent maneuverability
due to a smaller bending radius of the distal tip, and 210° deflection is ideal for the detection and
treatment of hard-to-reach lesions.

co,

CO, insufflation is highly recommended for therapeutic colonoscopy. It reduces pain after EMR of LSTs,
which might be a cause of admission, especially in patients with a long duration of polypectomy[21].

Injection solution

A solution mixed with a blue dye is commonly used. The submucosal solution could be a crystalloid
like normal saline solution or a colloid solution like glycerol or a succinylated gelatin. The inexpensive
succinylated gelatin (gelafusine, gelafundin) was shown to be superior to saline solution requiring
fewer injections, resections and an overall reduced EMR time[22]. A meta-analysis showed that use of
viscous solutions during EMR leads to higher rates of en bloc resection and lower rates of residual
lesions compared with normal saline solution especially with colonic polyp greater than 2 cm[23].
Nonetheless, research to determine the ideal submucosal injection is still ongoing.

Eleview® (Cosmo Pharmaceuticals, Dublin, Ireland), ORISE™ gel (Boston Scientific, Marlborough,
MA, United States) and LiftUp® (Endotherapuetics, Australia) are synthetic solutions that were
specifically designed to provide a submucosal cushion of optimal height and duration[24,25]. When
compared to normal saline solution, Eleview® has demonstrated better cushion-forming ability and a
duration of lift of up to 45 min. A double-blind randomized controlled trial comparing Eleview® with
saline showed that the mean injected volume was significantly lower, and there was a trend towards
shorter procedure and a lower number of resection pieces with this new solution. Despite all these
advantages, larger, multicenter, prospective controlled trials are required to compare performance of
Eleview®, ORISE™ gel and LiftUp® to other available viscous submucosal solutions for EMR and ESD.

An inert dye such as indigo carmine (or alternatively methylene blue) is added to stain the
submucosal layer blue and facilitate the delineation of the lesion margins. The authors do not use
adrenaline for submucosal injection, but diluted adrenaline (1/100000-1/300000) could be added
according to the preferences of the endoscopist[26].

Transparent cap

The distal cap attachment may contribute to stabilize the tip of the scope, improve visualization of the
operative field and facilitate resecting lesions in difficult locations[27]. They are especially useful to
create tension of submucosal fibers during ESD. Conic shaped short ST hood may be useful for non-
lifting and other complex lesions when access to submucosal space could be difficult.

Premedication

Deep sedation is preferred by the authors for EMR or underwater EMR (UEMR). Prophylactic
antibiotics should be considered in cases of EMR or ESD of LST in the distal rectum (as drainage
bypasses the liver) especially when a large resection defect (> 4 cm) is expected[28]. Consider buscopan
or glucagon to reduce bowel peristalsis during the procedure.

Snares
The choice of a specific snare may rely on size and morphology of the lesion, its location, the
endoscopist technique and preference or what type of snare is familiar. There are some snares that
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combine different sizes and shapes, but no clear benefit of one shape over the other has been
demonstrated[2]. In cases of cold EMR, a dedicated cold snare is recommended. For hot EMR and
UEMR, the authors’ preference is a rounded stiff snare 15 mm for most cases.

ESD knives

Like the choice of snare, it may depend on the lesion and the endoscopist preference. There are many
types of ESD knives, but it is highly recommended to have water-jet or water injection capability to save
time during dissection.

APPROACH

Endoscopic preoperative optical diagnosis

The most important step is to provide a good endoscopic diagnosis of the lesion, to be sure that the
endoscopic resection would have a curative intention. The only way the endoscopic resection will be
curative is if all the neoplastic cells are within the lesion we resect, even if they are malignant cells. But if
there is a distant spread of the neoplastic tissue (e.g., lymphatics), then the treatment will not be
curative. By endoscopic inspection we can predict the risk of deep SMI, telling us that there could be a
risk of lymph node metastases. That is why during preoperative evaluation the endoscopist should rule
out signs of deep SML

The endoscopist should use the best scope (better if there is magnification or dual focus with optical
narrow band “blue light” technology), use Paris classification to describe the morphology of the lesion
and assess demarcated areas of risk of SMI, such as the nodular and depressed areas. This assessment
should focus on pit pattern and vascular pattern.

The JNET Classification was proposed in 2016 according to NBI magnifying endoscopy[6]. It consists
of the following four categories, combining vessel and surface patterns: Type 1, the hyperplastic polyp
or sessile serrated adenoma/polyp with “invisible” vessel pattern with regular dark or white spots
similar to surrounding normal mucosa; Type 2A, the adenoma with low grade dysplasia, with regular
vessels (in caliber and distribution) and surface pattern (corresponding to pit pattern III or IV); Type 2B,
the adenoma with high grade dysplasia, or sometimes shallow submucosal cancer, with moderately
distorted vessels and irregular or obscure surface pattern (corresponding to pit pattern Vi); and Type 3,
an invasive cancer with amorphous areas with markedly distorted vessels or avascular areas.

However, in a retrospective study from prospectively collected records (n = 1402 lesions), Type 2B
presented low sensitivity (42%) even among expert Japanese endoscopists. Therefore, some authors
have suggested that Type 2B requires further investigation using pit pattern diagnosis to differentiate
the Vi (irregular; superficial SMI) and Vn (non-structural; deep SMI)[29].

If there is a high suspicion of deep SMI, the patient should undergo a surgical procedure or an
endoscopic technique for en bloc resection. It is also very important to delimitate the margins of the
lesion, especially if it is a serrated adenoma.

In the LST-G homogeneous type (Paris 0-Ila) of any size, the risk of deep SMI is very low, which
makes EMR almost always suitable[2-4,15].

EMR

“Classic” EMR is based on inject and resect technique (Table 2). It may be helpful for en bloc resection of
lesions up to 2 cm and for piecemeal resection in bigger LSTs. For piecemeal resection 10 mm to 15 mm
snares are usually recommended. For cold EMR, a specific cold snare is recommended. For a successful
piecemeal EMR the resection should be performed in a systematic manner, sequentially from the first
point of resection or entry in the submucosal plane, including 2-3 mm of apparently normal mucosa at
the borders and including the edge of the advancing mucosal defect to avoid islands and bridges of
neoplastic tissue.

The final mucosal defect should be checked for signs of injury or residual tissue. It is useful to use a
topical submucosal chromoendoscopy with indigo carmine to rule out deep injury. It can be injected or
sprayed superficially over the defect with the needle catheter close. The submucosa would pick up the
blue color. If there is muscle layer exposed, then it would remain unstained[4,30].

After finishing piecemeal EMR, snare tip coagulation of the normal appearing margins and mucosal
defect using SOFT COAG 80W is beneficial as it can reduce 4-fold the rate of residual or recurrent
adenomal4,30,31] even after en bloc EMR.

UEMR

UEMR, described by Nett et al[32] in 2012, has been shown to enable safe resection of LST. UEMR is
performed by aspirating all the gas from the colonic lumen and instilling water or saline to fill the
cavity. The colonic lesion “floats” in a lumen filled with fluid, and the muscularis propria retains a
circular configuration and does not follow involutions of the mucosa and submucosa even during
peristaltic contractions (Figure 3), making it easier to snare the lesion[33] (Table 2).
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Table 2 Steps for endoscopic mucosal resection of laterally spreading tumors

Steps for endoscopic resection

(1) Endoscopic
evaluation

(2) Strategy
(3) EMR technique

Injection

Resection

Wash and check
mucosal defect

Hemostasis

Systematic inject and
resect

(4) UEMR technique

Water filling

Resection

Wash and check
mucosal defect

Hemostasis

Systematic gas
aspiration water
irrigation and
resection

(5) Final inspection
(6) Specimen

retrieval and
assessment

Using Paris classification, pit pattern and vascular pattern to characterize the lesions and define the risk of deep SMI

Decide en bloc vs piecemeal resection according to risk of SMI. Consider patient position and gravity

Needle tangential to the plane. Inject whilst “stabbing” the mucosa helps accurately find the SM plane. Use a dynamic injection
technique

Put the area to resect ideally between 5-6 o’clock (with colonoscope); accommodate the snare over the lesion and push “down,”
aspirate to decrease tension and maximize tissue capture; close the snare tightly; check for mobility and degree of closure of the
snare handle (usually <1 cm distance between thumb and fingers), be sure there is no muscle trapped, otherwise release the tissue
(in case of doubt, open and close the snare to “drop out” possible muscular entrapment); press the pedal to resect

Check the mucosal defect produced to rule out signs of muscle layer damage or perforation

If there is mild intraprocedural bleeding, try first snare tip soft coagulation. If necessary, coagulating forceps or clips can be helpful

Continue resection injecting when necessary to maintain submucosal cushion. Resect 2-3 mm of normal mucosa to ensure margins.
Try not to leave islands or bridges between resections

Aspirate all the gas and fill the lumen of the working space with water or saline (turning off insufflation may help) to create a
gravity-free environment

Put the area to resect ideally between 5-6 o’clock (with colonoscope); accommodate the snare over the lesion “torque and crimp”
and push “down” to get the floating lesion inside the snare; aspirate and irrigate more water to help the capture of the tissue; close
the snare tightly and separate the tissue from the wall. Press the pedal to resect. Underwater, higher outputs might be needed for

resection/coagulation due to the heat sink effect

Check the mucosal defect produced to rule out signs of muscle layer damage or perforation. As no dye is used to stain the
submucosa, the operator should become familiarized with the aspect of the “transparent” fibers

In cases of jet bleeding gas insufflation might be needed to find the bleeding point

Continue resection aspirating gas or irrigating water when necessary. Resect 2-3 mm of normal mucosa to ensure margins. Try not
to leave islands or bridges between resections

Check the scar to rule out residual neoplastic tissue or signs of deep injury. In cases of piecemeal resection, thermal ablation with
the tip of the snare (Soft COAG 80 W) to coagulate the mucosal borders of the scar reduces risk of recurrence

Consider using a net for retrieval. Big nodules should be sent separately if it was piecemeal resection

EMR: Endoscopic mucosal resection; SM; Submucosal; SMI: Submucosal invasion; UEMR: Underwater endoscopic mucosal resection
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In recent years, meta-analysis has supported that UEMR resection achieves a higher en bloc resection
rate and less post-endoscopic resection recurrence compared to conventional EMR, especially when
polyps greater than or equal to 20 mm are resected. In contrast, no significant differences were detected
with respect to the occurrence of adverse events[34,35].

In daily clinical practice, UEMR is very useful due to its effectiveness, safety and easy learning. This
technique can be used for the resection of scar lesions with no lifting, adjacent tattoo, incomplete
resection attempts, lesions into a colonic diverticulum, in the ileocecal valve with ileal component and
lesions with intra-appendicular involvement[36].

UEMR may also be useful for en bloc resection of pseudodepressed less than or equal to 2 cm LST-
NG in which en bloc resection is mandatory due to the high risk of SMI[33].

Another advantage of UEMR is that it is a “reversible” technique. In the case that en bloc resection of
a high-risk lesion does not seem feasible, all the water can be aspirated, and the technique can be
changed either to ESD or EFTR.

EFTR

EFTR is an emerging technique for removal of complex colorectal lesions. Since the introduction of the
full thickness resection device (FTRD; Ovesco Endoscopy AG, Tiibingen, Germany) in Germany in 2014

[37] several studies have reported encouraging results on the short-term safety and efficacy of EFTR[38,
39].
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"Air" endoscopy

0-IIa + IIc lesion ("air" endoscopy) » » Peristalsis

Underwater infolding of lesion (floating + folding of mucosa/SM due to MP contraction)

Water filling: MP retains its native thickness and stays "round" outside the endoluminal working space

Underwater endoscopy Underwater with contraction

Mucosa I SM I MP
DOI: 10.4253/wjge.v14.i3.113 Copyright ©The Author(s) 2022.

Figure 3 During muscularis propria contraction, infolding of the 0-lla + lic lesion occurs. Citation: Uchima H, Colan-Hernandez J, Binmoeller KF.
Peristaltic contractions help snaring during underwater endoscopic mucosal resection of colonic non-granular pseudodepressed laterally spreading tumor. Dig Endosc
2021; 33: 74-6. Copyright ©The Author(s) 2021. Published by John Wiley & Sons Australia, Ltd[33].
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To perform an EFTR, the lateral margins of the lesion are first marked with the probe that is part of
the set or by other means (e.g., snare tip coagulation or argon plasma). Thereafter, the colonoscope is
retracted, and the FTRD is mounted and advanced to the target lesion. The lesion is then pulled into the
resection cap with the grasping forceps. After deployment of the clip, the snare is closed, and the tissue
is cut. To avoid unintended incorporation of organs next to the colonic wall, traction of the target lesion
without suction is recommended, and when necessary, suction should be performed very gently and
with caution. After resection, the specimen is recovered, and inspection of the resection site to check for
the correct position of the over-the-scope clip is mandatory. For colonic lesions, prOVECAP (Ovesco
Endoscopy, Tiibingen, Germany), a cap similar in size to the FTRD cap, can be mounted on the
instrument tip to evaluate accessibility to the target lesion. The keys to technical success are the right
size of the lesion, performing correct traction and coordinated teamwork[40].

General indications for EFTR are residual adenoma after endoscopic resection, non-lifting sign
adenoma, histological R1 resection (deep and lateral positive margins at histology), suspected T1
carcinoma, adenomas at difficult anatomic locations (appendiceal orifice, diverticulum, folds) and
subepithelial lesions[38,39].

Among the indications for EFTR, we highlight the treatment of polyps with suspected malignancy
due to its clinical impact because in most cases the acquired tissue allows an exact histologic risk strati-
fication to assign patients individually to the best treatment and avoid surgery for low-risk lesions. In a
retrospective multicenter study that included 64 patients with incomplete resection of malignant polyps,
the performance of EFTR obviated the need for surgery in most of these patients (84%) by classifying
them as low risk and therefore may be the method of choice for this indication[41].

A recent meta-analysis including nine studies conducted in European countries with 469 Lesions
showed a pooled rate of technical success, full thickness resection and RO resection of 94.0% (95%CI:
89.8%-97.3%), 89.5% (95%CI: 83.9%-94.2%) and 84.9% (95%CI: 75.1%-92.8%), respectively; a pooled
estimate of bleeding, perforation and post-polypectomy syndrome of 2.2% (95%CI: 0.4%-4.9%), 0.19%
(95%CI: 0.00-1.25%) and 2.3% (95%ClI: 0.1%-6.3%), respectively and pooled rates of residual/recurrent
adenoma and surgery for any reason of 8.5% (95%CI: 4.1%-14.0%) and 6.3% (2.4%-11.7%), respectively.
These results show that EFTR with an FTRD system is efficient and safe for treating non-lifting and
invasive colorectal lesions with conventional EMR and ESD criteria[42]. Nonetheless, future studies are
needed to investigate the role of EFTR in large colorectal lesions and specify its indications.

ESD

ESD was first described in Japan for the treatment of early gastric cancer and adopted for the treatment
of colonic lesions. It is the only procedure that allows complete en bloc resection regardless of the size of
the lesion.
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It is a technically demanding procedure, requires a long learning curve and requires a longer
procedure time than EMR[43]. Adverse events are more common for ESD than for EMR, with published
perforation rates of about 5%[44]. Nevertheless, the safety profile is adequate because almost all ESD
complications can be managed endoscopically, and the risk of surgery related to post-ESD complic-
ations (2%) is low[45].

It basically consists of entering the submucosal space, which is a virtual space that we will create with
a solution injected into the submucosa. The classic technique includes marking the lesion to be resected
and injecting a lifting agent into the submucosa at its periphery. Using the endoscopic knife, the mucosa
is incised circumferentially, and the lesion is separated from the muscularis propria. Additional
submucosal injections are performed as necessary to lift the central portion of the lesion to allow for
complete resection. Other strategies for ESD have been described, such as pocket-creation method or
tunnel[46]. Traction is recommended for colonic lesions, e.g., using rubber band-clip technique because
it can significantly decrease the procedure time, increase the en bloc resection rate and the RO resection
rate[47].

There are several tips thoroughly commented on elsewhere in the literature[48].

Post-procedural care

If there is no complication during the procedure and there are no special risk factors, then the patient
could be discharge within 1-3 h after EMR/UEMR or ESD of small lesions, or 24 h or less after EFTR. If
there are symptoms, risk factors for complications or special situations (very large lesion), then a longer
period of observation might be consider. If there is any sign of complication (pain with abdominal
distension, vomiting, rectal bleeding, fever) perform a blood test and or computed tomography scan
according to the clinical suspicion and act according to the results. If perforation with peritonitis is
suspected, then surgery should be evaluated[49].

COMPLICATIONS

Deep mural injury and perforation

It is very important to differentiate post-polypectomy syndrome, a benign complication with a good
prognosis in most cases that can be treated medically[50], secondary to excess coagulation and thermal
injury of the colonic wall in which computed tomography scan may show a severe mural thickening
with stratified enhancement pattern with surrounding infiltration but no air[51]. It is extremely
important to recognize deep mural injury (DMI) signs such as the target sign during or immediately
after finishing the EMR using the Sydney Classification of DMI (Table 3)[52].

The right colon (and cecum) is the thinner part of colon and might be more prone to complications
such as perforation, but in one study it seemed that the transverse colon might have more incidence of
DMILI. The transverse colon is highly mobile, and it has a long mesentery. It is possible that the muscular
propria could be more mobile and be trapped easily without “feeling” that we snare the muscular layer.

If there are signs of DMI, then an endoscopic treatment could be offered according to the experience
of the endoscopist by using through-the-scope clips for iatrogenic perforations less than 1 cm and the
use of the over-the-scope clip could be considered for defects 1-2 cm[53]. For larger iatrogenic perfor-
ations, endoscopic treatments with endoscopic suturing or a polyloop and clips method using a double-
channel or single-channel endoscope have been described[54,55].

Prophylactic clipping of muscular injury (target signs) might protect against delayed clinical
perforation. If the perforation had leakage of colonic fluid, then a surgical approach might be a better
option.

Bleeding

Bleeding is a frequent complication of EMR and ESD. Intraprocedural bleeding (IPB) is relatively
common, being most of the time an auto limited event from cutting small capillary vessels or vessels
that may require coagulation. The IPB rate in the literature is over 10%. In an observational multicenter
study that analyzed data from EMR of sessile colorectal polyps greater than or equal to 20 mm in size
(mean size: 35.5 mm) of 1172 patients, IPB was observed in 133 (11.3%)[56].

The small bleeding during procedure could be minimized by adding diluted adrenaline to the
submucosal injection solution and could be treated with coagulating current using the tip of the snare
(e.g., ERBE soft coagulation 80 W, snare tip soft coagulation), coagulating forceps or hemostatic clips[17].

IPB that requires endoscopic treatment is associated with a longer procedure time, higher risk of
clinically significant post procedural bleeding and recurrence at first surveillance after piecemeal EMR
[56].

Post procedural bleeding is also relatively frequent. In a prospective study involving 1039 patients
after EMR, 6% had a clinically significant delayed post-polypectomy bleeding, 21% of them (13 patients)
being unstable and 26% (16 patients) requiring blood transfusion. Most of the patients (55%) were
managed conservatively, 44% underwent colonoscopy, and 1 patient required primary embolization
and surgery[57].
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Table 3 Sydney Classification of deep mural injury

Sydney Classification of deep mural injury

Type 0

Type 1

Type 2

Type 3

Type 4

Type 5

Normal defect. Blue mat appearance of obliquely oriented intersecting submucosal connective tissue fibers (with a blue dye such as indigo
carmine or methylene blue)

MP visible but no mechanical injury (“Whale” sign)

Focal loss of the submucosal plane raising concern for MP injury or rendering the MP defect uninterpretable

MP injured, specimen target sign or defect mirror target sign identified

Actual hole within a white cautery ring, no observed contamination

Actual hole within a white cautery ring, observed contamination

MP: Muscular propria.

Jaishideng®

To control the active bleeding after EMR or ESD, mechanical therapy (e.g., through-the-scope/cap-
mounted clips) and/or contact thermal coagulation are helpful. In cases of inadequate or failed
hemostasis with ongoing bleeding, hemostatic topical agents can be used as a secondary treatment
option[58].

The risk factors for clinically significant delayed post procedural bleeding include lesions larger than
3 or 4 cm, located in the proximal colon, elderly patients, patients with major comorbidities, taking
antiplatelets and absence of use of epinephrine. Two scores have been published to predict the risk of
delayed bleeding in two different populations, with similar results summarized in Table 4[59,60].

Prophylactic endoscopic coagulation with a coagulating forceps (with low-power coagulation) does
not seem to significantly decrease the incidence of clinically significant post-EMR bleeding. Nonetheless,
a recent meta-analysis has shown benefit when clipping polyps measuring greater than or equal to 20
mm, especially in the proximal colon[61].

In recent years, coverage agents have been developed to cover large mucosal defects that appear to be
effective in the prevention of late complications, but randomized controlled trials and head-to-head
comparative studies of shielding products are still needed[62].

RECURRENCE OR RESIDUAL NEOPLASTIC TISSUE AND SURVEILLANCE

Recurrence or residual neoplastic tissue after EMR can be easily solved endoscopically in most of cases
during surveillance since treatment after first revision is usually successful.

Early recurrence of large conventional adenomas seems to be around 16% at first surveillance
colonoscopy (SC), with a cumulative recurrence around 20% after second SC 1 year after and around
28% after 2 years. Large sessile serrated adenomas/polyp recurrence seems to be lower, at about 7%
from 12 mo onwards[7].

First SC at 3-6 mo after piecemeal EMR of polyps greater than or equal to 20 mm is recommended for
scar assessment and the intervals to the next colonoscopy at 1 year and then 3 years[4,30]. It has been
published that after EMR of lesions smaller than 4 cm without significant intraprocedural bleeding (not
requiring endoscopic treatment) and with low-grade dysplasia, the first SC can be safely scheduled at 18
mo. The Sydney EMR recurrence tool (Table 5) was developed to help predict the risk of recurrence after
piecemeal EMR, with a 92% negative predictive value for recurrence at first SC, for Sydney EMR
recurrence tool 0 lesions[63]. It is also very important to treat other synchronic lesions, clear the rest of
the colon or rule out a serrated polyposis in cases of resection of large serrated lesions.

It is very important to carefully inspect the scar. The scar might be identified as a pale area with
disruption of vascular pattern or fold convergence. All the edges and center of the scar should be
interrogated, looking for a transition point where a non-neoplastic pit or vascular pattern turns into a
neoplastic pattern (Kudo pit pattern, NBI International Colorectal Endoscopic and JNET classification)
and being aware of post-EMR scar clip artifact using a high-definition endoscope with optical narrow
band technology[64].

In surveillance cases with local recurrence, endoscopic resection with repeat EMR, snare or avulsion
method can be performed, and ablation of the perimeter of the post-treatment site may be considered. If
there is a retained clip in the scar, the procedure should be the same. In case there is a suspicious area of
residual polyp, the retained clip should not prevent endoscopic resection of the residual tissue[4,30].
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Table 4 Spanish Score for risk of bleeding after endoscopic mucosal resection

Age 2 75-yr-old Lesion=240 mm ASAIll-IV Location proximal to transverse colon  Aspirin Clips

Yes 1 1 1 3 2 0
No 0 0 0 0 0 2
Risk of bleeding after EMR

Low risk 0.6% (0.2%-1.8%) 0-3 points

Medium risk 5.5% (3.8%-7.9%) 4-7 points

Elevated risk 40% (21.8%-61.1%)  8-10 points

ASA: American Society of Anesthesiologists classification of physical health; EMR: Endoscopic mucosal resection.

Table 5 Sydney endoscopic mucosal resection recurrence tool

Risk factor Score
LST size 2 40 mm 2
IPB requiring endoscopic control 1
High-grade dysplasia 1
Total 4

Cumulative incidence of EDR% (standard error)

SERT =0

SERT = 1-4

9.8% (2.2); 6 mo FU
11.6% (2.5); 18 mo FU
23.0% (2.5); 6 mo FU

36.3% (3.2); 18 mo FU

EDR: Endoscopically determined recurrence; FU: Follow-up; IBP: Intraprocedural bleeding; LST: Laterally spreading tumor; SERT: Sydney endoscopic

mucosal resection recurrence tool.
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SPECIAL AND PROBLEMATIC SITUATIONS

The actual problems of EMR are the treatment of fibrotic tissues or non-lifting tissues as well as difficult
areas for endoscopic resection.

Perifintra-appendicular orifice lesions

In this scenario, EMR is a technical challenge because of difficult endoscopic access due to the narrow
lumen of the appendix and thin colonic wall at the base of the cecum, which means a high risk of
perforation. Nonetheless in expert hands, it is a safe and effective treatment, but if more than 50% of the
circumference of the appendicular orifice (AO) is involved, then surgery should be considered[65]. As it
is a narrow area, injection must be small to avoid narrowing the working field, and use of mini snares is
helpful.

UEMR has been shown to enable safe resection of AO lesions, especially those limited to the rim. In a
series of 27 consecutive patients with AO adenomas (median size 15 mm, range 8-50 mm), 89%
successful resection was achieved, with 59% of lesions being resected en bloc. Post-polypectomy
syndrome occurred in 7% of cases. No other complications occurred, and over a median follow-up of 29
wk only 10% of patients (1 = 2) had residual adenoma present[66].

With underwater submersion, the appendix can partially evert into the cecal lumen, and the colonic
lesion “floats” in a lumen filled with water. This allows endoscopic resection without previous
submucosal injection, which makes lesions that affect the AO more accessible to endoscopic resection.
To maximize tissue capture, contraction of the muscularis propria followed by the torque-and-crimp
technique can be expected with the open loop[32]. In cases of residual tissue deep in the AO, a
combination of air suction and more water infusion can help to evert residual tissue, making it
accessible for snare resection[36].

ESD for lesions located in close proximity to the AO remains a challenging technique. In a
retrospective study that included 76 lesions, en bloc resection was achieved in 72 (94.7%) and median
tumor size was 36 mm (10-110 mm). One patient experienced intraoperative perforation, was treated by
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clip closure, later developed appendicitis and underwent emergency ileocecal surgical resection;
another patient experienced postoperative appendicitis and recovered with antibiotic treatment. Despite
the challenges of working in the region of the cecum and AO, this study demonstrates that ESD
performed by skilled and experienced endoscopists can be a safe and effective technique[67].

EFTR is another endoscopic treatment option. In a multicenter study in Germany that included 50
lesions, with mean size of 18 mm, EFTR was technically successful in 48 (96%), and RO resection was
achieved in 32 patients (64%). Post interventional appendicitis occurred in 7 patients (14%) during
follow-up, and conservative treatment was sufficient in half of the cases[68]. The authors believe that the
EFTR of appendicular lesions is a promising modality in a certain group of patients, but further studies
are required to prospectively evaluate the feasibility and safety of this technique.

Islands or bridges of neoplastic tissue during EMR

A new injection and a mini/small snare should be tried. If it is not possible to snare, then sometimes the
suction pseudopolyp technique or precutting with the tip of the snare around the non-lifting area may
help. Otherwise, cold avulsion with forceps and snare tip soft coagulation/ablation of the scar area
seems to be helpful in small areas of benign residual tissue. In this situation, UEMR and band ligation
with or without resection can also be performed.

Scarred lesions

If it is not possible to resect with the inject and resect technique, then the non-lifting part of the lesion
could be resected by cold avulsion (forceps), pre-cutting EMR[69], UEMR, ESD, EFTR[42] or surgery
(the latter especially if there are suspicious areas of SMI). The same recommendation would apply to
fibrotic lesions secondary to tattoo, multiple biopsies, the biology of the lesion or SMI, showing non-
lifting sign, “jet sign” or canyoning. The authors find UEMR especially useful in this situation for benign
lesions. As it is a “reversible” technique, if it is not suitable, then another technique like ESD or EFTR
could be performed during the same session. If there is suspicion of malignancy, then surgery or EFTR
might be preferable.

LST at the ileocecal valve

It is very important to define the borders of the lesion and if the ileum is involved, then sometimes a cap
is helpful[27]. In cases of classic EMR, the amount of submucosal injection should be small if there is a
flat lesion over the ileocecal valve to avoid excessive tension in the submucosal cushion since it is very
easy that the snare slips while closing in this situation. A mini snare may be helpful when the ileum is
involved. It is a safe procedure, and stenosis after EMR seems to be rare. Although it is complex,
successful EMR seems to be greater than 90% in experienced hands. Extensive involvement of the
terminal ileum or both ileocecal valve lips are associated with EMR failure[70]. UEMR is a good option,
and the one preferred by the authors at this location.

Anorectal lesions

Because of the innervation in distal rectum, the use of long-acting local anesthetic (ropivacaine or
bupivacaine) in the submucosal injectate (avoiding intravascular injection and requiring cardiac
monitoring) for submucosal injection around the anorectal region and prophylactic antibiotics should be
considered[28]. The use of a gastroscope for increased mobility and retroflexion may be helpful. It is safe
to perform the endoscopic resection over the dentate line and hemorrhoidal columns. When performing
ESD at this location, the operator should be aware that there could be muscular fibers on the
submucosal layer on this location (it is the exception in the gastrointestinal tract).

Tough colonoscopy

It is a subjective term, which covers different situations, such as scope instability. Working using
retroversion (easier with a gastroscope or a pediatric colonoscope) might stabilize the endoscope
facilitating the resection sometimes. In the proximal colon, a distal attachment such as Endocuff or using
a balloon enteroscope or a double balloon platform (Dilumen, Lumendi, Westport, Conn, United States)
might help to stabilize the scope.

CONCLUSION

There are different endoscopic techniques for the resection of complex colorectal LST that the
therapeutic colonoscopist should be aware of. EMR (inject and resect) is useful for most colorectal
benign lesions. UEMR is a very useful technique since it avoids the need for submucosal injection. It
might be a very good alternative in non-lifting lesions or in difficult locations like ileocecal valve, AO,
narrow sigmoid or peridiverticular area where there is a narrow space where injection could make the
access more difficult. ESD is the only technique that allows en bloc resection regardless of the size of the
lesion, being especially useful for large LSTs that harbor risk for SMI, for example large LST with big
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nodules in the rectosigmoid area. EFTR on the other hand is the technique that allows the deepest
margins and because of that might be the best choice for endoscopic resection of less than 2.5 cm
suspected malignant LST.
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