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Abbreviations

ESGE	 European Society of GI Endoscopy
EMR	 Endoscopic mucosal resection
ESD	 Endoscopic submucosal dissection
CELS	 Combined endoscopic-laparoscopic surgery
ELS	 Endolumenal surgery

Key Concepts
•	 Endolumenal surgery is the forefront of minimally inva-

sive surgery and is rapidly developing.
•	 Colon and rectal surgeons should be involved in the pro-

gression of endolumenal surgery as it will offer benefit to 
patients.

•	 New endolumenal techniques can be used to address large 
polyps that once required resection and treat malignant 
large bowel obstructions.

�Introduction

Colonoscopy was initially described as a way to screen 
patients for mucosal abnormalities in the colon and has been 
adopted as the standard for colorectal cancer screening and 
prevention. However, when retrograde colonoscopy was first 
described in 1969, “there were some who said it couldn’t be 
done, shortly followed by those who said it couldn’t be done 
safely, followed by those who declared that it required a tricky 

skill which few would be able to acquire” [1]. Time has proved 
otherwise. Colonoscopic polypectomy has been demonstrated 
to decrease the incidence of colorectal cancer and has been 
widely adopted by the medical community [2]. With advances 
in technology, colonoscopy has progressed dramatically, and 
flexible colonoscopy is now used with various platforms that 
enable advanced endoscopic surgical procedures to be effec-
tively completed. Endolumenal surgery is a rapidly progres-
sive field in gastrointestinal surgery performed by both 
surgeons and gastroenterologists that offers the benefits of 
non-invasive surgery done in an outpatient setting. However, 
endolumenal surgeons are confronted with the challenge of 
operating through a flexible scope in a confined space that is 
frequently moving. Similar to opponents of early colonos-
copy, there are many physicians in various stages of opposi-
tion. Due to the benefits to the patient, endoscopic surgery has 
the potential to be the next leap forward in minimally invasive 
surgery. This chapter will discuss the technical aspects of 
endolumenal surgery, ranging from forceps polypectomy to 
endoscopic submucosal dissection and colonic stenting.

�Forceps

There are three commonly available options for forceps polyp-
ectomy: cold biopsy forceps, jumbo cold biopsy forceps, and 
hot biopsy forceps. For cold biopsy, the standard forceps open 
to 6  mm, and jumbo cold forceps open to 8.6  mm. Jumbo 
biopsy forceps have been shown to be superior to standard cold 
forceps for complete resection [3]. Historically, hot biopsy for-
ceps were commonly used for polyp resection with the theo-
retical benefit of fulgurating any remaining dysplastic tissue 
around the polyp. However, this theoretical advantage has been 
refuted. A retrospective review of 62 hot biopsy polypectomies 
demonstrated a 17% rate of persistent polypoid tissue on repeat 
endoscopy 1–2 weeks after the original treatment [4].

Additionally, hot biopsy is associated with an increased 
risk of delayed hemorrhage compared to cold biopsy [5]. 
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Furthermore, hot biopsy alters the polyp morphology and 
creates more histological architectural distortion and frag-
mentation than cold biopsy [6]. For the aforementioned rea-
sons, the European Society of GI Endoscopy (ESGE) has 
recommended against the use of hot biopsy forceps [7].

Cold biopsy forceps have also been described as an 
adjunct to difficult to remove large spreading polyps. While 
these polyps are typically removed with snare (described 
below), some polyps will not allow snare resection as the 
snare will slide over the polyp. In these situations, cold for-
ceps are used to methodically avulse all visible polypoid tis-
sue. Following avulsion of the mucosa, the submucosa and 
margins can be treated with soft coagulation from the tip of 
a hot snare. This technique, deemed CAST for Cold-forceps 
Avulsion with adjuvant Snare-Tip soft coagulation, has been 
reported as an effective and safe strategy for the management 
of non-lifting large laterally spreading (LST) colonic lesions 
[8]. CAST is easy to use, does not require additional equip-
ment, and is useful adjunctive technique for organ sparing.

�Snare

Endoscopic snare allows resection of larger lesions and more 
tissue compared to forceps. Incomplete resection of polyps 
by any method is associated with interval development of 
colorectal cancer in patients undergoing colonoscopy [9]. In 
removal of polyps <6 mm, snare excision has a higher rate of 
complete resection compared to forceps removal (93% for 
cold snare vs. 76% for cold biopsy forceps, p < 0.001) [10].

Snares vary in size, shape, and ability for coagulation. 
Hot snares are the traditional method for endoscopic snaring 
but have waned in popularity over recent years due to com-
plications including increased risk of delayed bleeding and 
thermal injury. Use of a cold snare without electrocautery is 
associated with lower rate of post-polypectomy hemorrhage 
and shorter time for polypectomy and colonoscopy [11, 12]. 
Complete resection rates with cold snare are equivalent to 
hot snare [13]. Dedicated cold snares have been further 
improved with use of a thinner wire that more easily cuts tis-
sue. Compared to traditional snares used without cautery, 
dedicated thin-wire cold snares have a higher rate of com-
plete resection, especially with polyps 8–10 mm in size or 
sessile polyps [14]. The 2017 guidelines from ESGE recom-
mend cold snare polypectomy as the preferred method for 
polyps <5 mm in size and strongly favor cold snare polypec-
tomy for polyps 6–9 mm in size [7]. Hot snare polypectomy 
has been reserved for sessile polyps 10–19 mm in size after 
submucosal injection has been used to decrease the risk of 
thermal injury. Hot snare is also recommended for peduncu-
lated polyps to decrease the rate of bleeding.

Bleeding after polypectomy is infrequent but may result 
in hospitalization, repeat colonoscopy, and poor patient 

experience. The rate of bleeding after polypectomy is 
approximately 1–2 per 1000 patients and is 10 times the rate 
of bleeding compared to colonoscopy without polypectomy 
[15]. Bleeding after cold snare polypectomy tends to be 
immediate and can be addressed at the time of initial colo-
noscopy, while bleeding after hot snare is often delayed and 
not apparent at the initial colonoscopy. Bleeding after hot 
snare occurs 0.1–0.7% of polypectomies and can occur up to 
30 days after the procedure [16]. Prophylactic clip placement 
after routine polypectomy does not decrease the risk of 
delayed bleeding [17], and this practice should be avoided as 
it drastically increases the cost of the procedure without sub-
stantial benefit. Selective use of endoscopic clips is discussed 
later in the chapter.

�Tips for Optimal Snaring

Polypectomy is required in 30–40% of all colonoscopies. To 
make polypectomy easier, the polyp should be positioned at 
the bottom half of the screen because the instrument channel 
on the colonoscope exits the scope at the 5 o’clock position. 
Occasionally, the lesion cannot be placed in the inferior 
aspect of the screen due to tortuosity of the colon or location 
behind a prominent fold. In those situations, working with 
the scope tip further away from the lesion may facilitate pol-
ypectomy by producing a favorable angle of attack to the 
polyp. Additionally, jumbo forceps removal may be techni-
cally easier for polyps in a challenging location if the size is 
small. If a snare is applicable, lesions are more easily grasped 
with dedicated cold snares, since they have a thinner wire 
that can grip the tissue better than an electrocautery compat-
ible snare. If a hot snare is used after a lift for a larger lesion, 
consideration should be given for use of a non-oval-shaped 
snare. Snares with some angulation, like a hexagonal snare, 
tend to grasp tissue better as well as have a greater proximal 
opening compared to standard oval or round snares. 
Figure 5.1 shows different type of snares.

Care should be taken during polypectomy to ensure that 
complete resection of the polyp has been performed. In a 
prospective study of over 1400 patients, there was a 10% rate 
of incomplete resection for polyps 5–20 mm. Risk factors for 
incomplete resection included larger size and sessile serrated 
polyps vs. adenoma [18]. Any remaining polyp tissue after 
snare polypectomy can be removed with repeat snare exci-
sion or cold forceps avulsion.

�Lifting

Flat lesions may require submucosal lift to separate the 
desired tissue for resection from the underlying colonic mus-
cular wall and decrease the risk of full-thickness mechanical 
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disruption or thermal injury from a hot snare. Common sub-
mucosal lifting agents include saline, hyaluronic acid, glyc-
erol, dilute albumin, and proprietary gels. For most polyps, 
submucosal saline injection suffices and provides a lift that 
lasts approximately 3 minutes [19]. Normal saline has proven 
equivalent to other lifting solutions in terms of complete 
resection rate, post-procedural bleeding, and post-
polypectomy syndrome or perforation [20]. For more com-
plex lesions requiring a longer resection time, a more durable 
solution is desirable. Viscous solutions are often more dura-
ble and provide a more localized lift with less lateral diffu-
sion. Multiple solutions exist, ranging from hydroxyethyl 
starch (hetastarch) to more expensive proprietary solutions 
like Eleview® (Medtronic, Dublin, Ireland) and ORISE® 
(Boston Scientific, Marlborough, MA) that can last for over 
40 minutes [21].

Adequate lift is critical to allow for advanced endoscopic 
techniques. Ideal injections are submucosal, but endoscopic 
injections can be easily misplaced in deeper layers (subsero-
sal or intramuscular). Addition of colored dye to the injected 
solution can help delineate the submucosal layer as the over-
lying mucosa is thin and the color of the solution will be 
readily appreciated. Correctly placed submucosal injections 

tend to create more focal and taller lifts, while subserosal or 
intramuscular injections will create a less prominent and 
broader lift [22]. Submucosal injection can be facilitated by 
starting to inject solution prior to putting the needle into the 
mucosa so that the injectant will push away submucosal lay-
ers once penetrating the overlying mucosa. Alternatively, the 
needle can be placed into the colon wall and then gently 
withdrawn back into the submucosal layer. It is easier to cre-
ate a lift when injecting in a tangential direction to the bowel 
wall and avoiding injecting perpendicular to the bowel wall. 
Techniques for submucosal injection are also applicable to 
endoscopic tattoo placement to avoid tattoo dispersing 
throughout the abdomen. If a larger area is needed to lift, 
injections should be directed at the border of the prior sub-
mucosal cushion to stay in the submucosal plane (Fig. 5.2).

Submucosal lift injections can be performed in a dynamic 
technique to make a taller lift. The needle placement in the 
submucosa is confirmed with a small amount of injection to 
demonstrate an adequate lift plane followed by a large-
volume rapid injection. During the large-volume injection, 
the needle and scope can be re-directed within the submu-
cosa to generate a tall and long-lasting lift [23]. For lesions 
that are on a fold, submucosal injection should start on the 
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Fig. 5.1  Different types of 
snares (Reprinted with 
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Center for Medical Art & 
Photography ©2020. All 
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proximal/oral part of the bowel to lift the lesion toward the 
scope. Lesions that do not lift may be due to entry into the 
incorrect plane, scarring from past attempts at injection or 
polypectomy, or related to more advanced lesions that have 
invaded into the submucosa.

�Endoscopic Mucosal Resection

Lesions that are too large for simple polypectomy can be 
treated with endoscopic mucosal resection (EMR). EMR is 
regularly used for polyps ranging from 20 mm to 50 mm in 
size. EMR is a technique designed for sessile or flat lesions 
that are confined to the superficial layer of the colon wall. 
The most common EMR method is the lift and cut technique, 
in which the lesion is lifted with a submucosal injection fol-
lowed by snare polypectomy. With expansion of the submu-
cosal space, the polyp can be removed without injury to the 
muscular layer of the bowel. The goal is to completely 
remove the polyp with as few snare excisions as possible [7]. 
EMR is started with a submucosal injection to lift the lesion 
to create space for resection. Since lesions with EMR are 
often larger than simple polypectomy, a solution with a lon-
ger durability than saline is desired. The ESGE recommends 
the addition of a staining dye (e.g., methylene blue or indigo 
carmine) to the submucosal injection to help identify lesion 
margins and deep tissue injury. The submucosal lift protects 
the underlying muscularis propria while decreasing resis-
tance in the desired resection plane. The lesion is then 
resected with snare in as few pieces as possible with care to 
make sure that the entire lesion is removed. A normal margin 
of 2–3 mm of healthy-appearing tissue should be included to 
ensure complete removal. To decrease the risk of leaving 

islands of polyp tissue, piecemeal snaring should be done 
sequentially with the snare aligned along the margin of the 
prior resection. If there are any small remaining amounts of 
polypoid tissue, these can be ablated with electrocautery or 
removed with forceps. Following resection, clips can be 
selectively placed for tissue approximation (Fig.  5.3). Hot 
snare is commonly used during EMR. However, cold snare 
has also been shown to be effective for piecemeal resection 
after submucosal lift for polyps up to 55 mm with a low rate 
of recurrent disease or complication [24].

The major drawback of EMR is that larger lesions cannot 
be excised in en bloc fashion. EMR has been shown to be 
safe and effective for lesions smaller than 20  mm [25]. 
Lesions greater than 2  cm are often excised in piecemeal 
fashion, which limits the pathologic assessment of the polyp. 
Piecemeal resection can theoretically allow small amounts of 
polypoid tissue to remain that would result in recurrent polyp 
growth. While early experience with EMR indicated recur-
rent polyp formation on follow-up colonoscopy in 30% of 
patients [26], a recent prospective multicenter trial of 1000 
EMR procedures demonstrated a lower recurrence rate (17% 
overall). For smaller polyps (20 mm in size), recurrence rate 
was 5% [27]. Risk factors for recurrence were increased size 
(OR  =  8.2 for polyp >40  mm vs. 20  mm), APC usage 
(OR  =  2.4), and bleeding (OR  =  1.6). APC usage likely 
results in superficial ablation of the polyp, but does not eradi-
cate the polyp tissue. The lack of efficacy of APC has been 
confirmed with other studies evaluating APC versus avulsion 
for the treatment of small amounts of residual polyp tissue 
after EMR. Avulsion with hot biopsy forceps was associated 
with a significantly lower adenoma recurrence rate compared 
to ablation with APC (10% recurrence with avulsion vs. 59% 
recurrence with APC on follow-up colonoscopy in 1 study of 
278 patients with EMR of colon lesion >2 cm) [28].

�Clip

While routine use of prophylactic clips after polypectomy is 
discouraged due to cost, endoscopic clips can be used selec-
tively to re-approximate mucosa after EMR or be placed on 
bleeding vessels in an effort to increase hemostasis. Risk fac-
tors for post-polypectomy bleeding include large polyp size, 
proximal location, use of anticoagulant or antiplatelet agents, 
and the presence of multiple comorbidities [29]. In a recent 
multicenter randomized control trial, endoscopic clip appli-
cation to close the mucosal defects of polypectomies for 
non-pedunculated polyps larger than 20 mm was associated 
with a decreased rate of post-polypectomy bleeding [30]. 
The benefit of clip application was most pronounced in the 
proximal colon with an absolute risk reduction of 6.3% 
(9.6% bleed without clips vs. 3.3% bleed with clips, 
p  <  0.001). Clip application for large polyps in the distal 

Fig. 5.2  To perform a submucosal injection, the injection needle 
should be tangential (parallel) to the mucosa. Fluid is injected as the 
needle is advanced to push away the muscularis and create and submu-
cosal expansion to lift the overlying tissue (Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography ©2020. All 
Rights Reserved)
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colon did not affect the rate of post-polypectomy bleeding. 
Application of clips has also been shown to decrease the rate 
of delayed bleeding even if complete mucosal re-
approximation could not be accomplished [31]. Therefore, 
consideration should be given for selective use of clips fol-
lowing endoscopic resection of large polyps (>2 cm), par-
ticularly in the proximal colon.

�Underwater EMR

Underwater EMR was described in 2012 as a method to 
avoid submucosal injection during resection of large polyps 
with EMR [32]. As described above, submucosal injection 
may be in the wrong layer leading to intramuscular injection. 
Furthermore, submucosal injection may make snare applica-
tion more challenging as the snare may slip over the dis-
tended mucosa and not grasp the polyp. To perform 

underwater EMR, the air is evacuated and the lumen is filled 
with 500 mL to 1 L sterile water. The edges of the polyp are 
marked with APC. The polyp is removed in piecemeal fash-
ion with a snare on cutting current to include all of the prior 
APC marks. Any small remnant tissue is treated hot biopsy 
coagulation. It is hypothesized that the water distends and 
flattens the colon to prevent the muscularis from being 
brought into the snare excision. When compared to tradi-
tional EMR, selective groups have demonstrated that under-
water EMR allows increased complete macroscopic resection 
and decreased recurrence rates [33]. Additionally, underwa-
ter EMR has been used to increase rates of salvage endo-
scopic resection for recurrent polyps after past attempts at 
endoscopic resection [34].

Underwater techniques have also been applied to endo-
scopic submucosal dissection (ESD) [35]. Polyp resection 
while submerged in water can allow the edge of mucosa to 
float away from the submucosa and therefore improve the 

Fig. 5.3  EMR technique. (a) Large flat lesion in the right colon. (b) Lift with submucosal injection. (c) Piecemeal EMR resection with snare. (d) 
Endoscopic clip placement for closure
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endoscopic view of the dissection plane. Additionally, sub-
merging the process of ESD in fluid allows greater heat dis-
sipation, which theoretically decreases thermal injury. 
Potential benefits of underwater endoscopic resection must 
be balanced against the increased time requirement for water 
instillation.

�Endoscopic Submucosal Dissection

Whereas EMR is limited in terms of size of en bloc excision, 
ESD is useful for larger lesions where complete histological 
evaluation is desired. ESD was first popularized in Japan in 
the 1990s for treatment of early gastric cancer. The gastric 
wall is thick and therefore allows for safe submucosal dissec-
tion with a margin for error. Colonic ESD was first described 
in the early 2000s [36]. The thin wall of the colon makes 
colonic ESD more challenging due to increased risk of full-
thickness injury. However, the benefit of ESD is a more com-
plete resection with lower recurrence rate. In a retrospective 
study of over 350 patients comparing colonic ESD and EMR, 
colonic ESD has a sevenfold lower recurrence rate. However, 
the complete resection of ESD comes at the cost of a nearly 
fivefold increased rate of perforation (6.2% ESD perforation 
vs. 1.3% EMR perforation) [37].

Colonic ESD allows resection of large benign lesions that 
traditionally required surgical resection. Dissection is per-
formed in the submucosal layer under the lesion using a 
dedicated electrosurgical knife. Recent studies have shown 
that only 20% of polyps that were deemed endoscopically 
unresectable and referred to a surgeon for resection have 
invasive malignancy on final pathology [38, 39]. The rate of 
malignancy is even lower when carefully evaluating polyp 
morphology (see patient selection for ESD below). Large 
polyps that appeared benign to the endoscopist have less 
than 10% cancer rate [40]. This data suggests that the vast 
majority of patients with large benign-appearing colonic pol-
yps can be treated adequately with endoscopic resection, 
saving these patients the morbidity of a larger colon resec-
tion. Comparing ESD to laparoscopic formal resection, 
patients treated with ESD had a significantly shorter hospital 
stay and decreased hospital financial cost [41]. Complication 
rates were similar, but the severity of complications was less 
in the patients treated with ESD compared to surgical 
resection.

�ESD Complications

Prior to considering any intervention, one must be aware of 
the potential complications. Similar to most endoscopic pol-
ypectomy techniques, the most common complications after 
ESD are abdominal pain, bleeding, perforation, and tumor 
recurrence. Post-ESD electrocoagulation syndrome is 

similar to post-polypectomy syndrome and can be seen in up 
to 40% of patients [42]. Post-ESD bleeding occurs in approx-
imately 2–7% of patients [43, 44]. ESD is also associated 
with a 5–20% perforation rate [45]. Risk of perforation is 
associated with increased tumor size and the presence of 
fibrosis. Perforation during ESD of lesions that are malig-
nant can result in potential tumor seeding of the abdomen, as 
evidenced from the more robust gastric cancer literature. In a 
review of 22 perforations during gastric ESD, 2 patients 
(9%) had peritoneal seeding [46]. Lastly, endoscopic meth-
ods at resection carry the potential for recurrence. Local 
recurrence after ESD is remarkably low (approximately 1%) 
[43]. Furthermore, none of the recurrences contained inva-
sive cancer and all were adequately managed with repeat 
endoscopic resection in this series.

�Patient Selection for ESD

Careful selection of patients for attempted EMR and ESD is 
key. Procedural selection is based on the size of the tumor 
and the risk of underlying carcinoma. If the lesion is <2 cm, 
EMR is often favored. ESD is typically reserved for lesions 
>2  cm without features of malignancy. For patients where 
the diagnosis is unclear, ESD is an acceptable technique for 
excisional biopsy of lesions that have an increased risk of 
carcinoma but should be used with caution as the risk of full-
thickness injury may be increased due to distortion of the 
submucosa from malignant invasion or fibrosis.

When doing a colonoscopy or preparing for ESD, the 
potential for underlying malignancy can be assessed by 
endoscopic characterization of the polyp appearance. 
Appearance of the lesion is critical and can be evaluated with 
one of several available classification systems, including 
Paris, Kudo pit pattern, or Narrow-band Imaging International 
Colorectal Endoscopic (NICE) classification. The gross 
morphology of the lesion is described by the Paris pattern, 
which divides lesions into polypoid vs. non-polypoid appear-
ance. The non-polypoid superficial lesions are then divided 
based on their level of protrusion into the lumen (slightly 
elevated, flat, slightly depressed, and excavated). There is a 
clear inverse relationship between superficial lesion protru-
sion and the risk of submucosal invasion [47]. However, 
there is significant inter-observer variability in the classifica-
tion of polyps according to the Paris system, suggesting that 
a simpler three-category classification of pedunculated, ele-
vated, or depressed may be more widely applicable [48]. 
Depressed lesions have an increased rate of malignancy.

Pit patterns are based on the specific arrangement of 
glands in different lesions and can help determine hyper-
plastic vs. adenomatous vs. malignant lesions [49]. Narrow-
band imaging (NBI) is commonly available technology that 
filters light into specific blue and green waveforms that will 
highlight vessels and mucosal tissue. NBI can be used to 
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classify the polyp as hyperplastic, adenomatous, or malig-
nant based on lesion color, vascular pattern, and surface pat-
tern according to the NICE classification (Fig. 5.4) [50]. 
Accurate endoscopic assessment allows appropriate selec-
tion of polyps for EMR/ESD and avoidance of polyps that 
are better treated with resection due to concern for underly-
ing malignancy.

The ability of the polyp to lift after submucosal injection 
has also been used to assess the potential for invasive malig-
nancy. If tumor extends into the submucosa, the submucosa 
will not expand with injection. In a study of over 270 lesions, 
non-lifting sign had an overall accuracy of 95% for detecting 
an invasive malignancy, with a sensitivity of 62%, specificity 

of 98%, positive predictive value of 80%, and negative pre-
dictive value of 95% [51]. Furthermore, inadequate lift dra-
matically increases the likelihood of full-thickness injury as 
the submucosal layer is not expanded and there is conse-
quently no buffer. Lesions may not lift well if there is fibrosis 
from prior attempts at resection or if the injection is too deep 
in the colon wall. The multiple reasons why a polyp will not 
adequately lift may explain why endoscopic assessment is 
more sensitive than the non-lifting sign for detecting inva-
sion in flat or depressed lesions. Thus, in patients where the 
polyp does not lift well, there remains a role for ESD as long 
as the polyp has a benign morphologic appearance.

Type 1

Color Same or lighter than background

None, or isolated lacy vessels
coursing across the lesion

Dark or white spots of uniform size,
or homogeneous absence of

pattern

Ova, tubular or branched
white structure

surrounded by brown vessels**

Amorphous or absent surface
pattern

Brown vessels surrounding white
structurs**

Has area(s) of disrupted or missing
vessels

Browner relative to background
(verify color arises from vessels)

Brown to dark brown relative to
background; sometimes patchy

whiter areas

Vessels

Surface
Pattern

Most likely
pathology Hyperplastic

Deep submucosal
invasive cancerAdenoma***

Examples

* Can be applied using colonoscopes with or without optical (zoom) magnification

** These structures (regular or irregular) may represent the pits and the epithelium of the crypt opening.

***  Type 2 consists of Vienna classification types 3,4 and superficial 5 (all adenomas with either low or high grade dysplasia,
or with superficial submucosal carcinoma). The presence of high grade dyslasia or superficial submucosal carcinoma may
be suggested by an irregular vessel or surface pattern, and is often associated with atypical morphology (e.g., depressed area).

Type 2 Type 3

Fig. 5.4  NICE classification. NICE, NBI International Colorectal Endoscopic; NBI narrow-band imaging (Reused with permission from Hayashi 
et al. [50]. Copyright © Elsevier 2013)
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�ESD Technique

Ideal polyps for ESD are polyps larger than 2 cm where inva-
sion is not suspected. These are frequently laterally spreading 
tumors (LST) or polyps. For ESD, the mucosa is first marked 
outside of the edge of the lesion. This should be done with 
2–3 mm normal mucosal margin. Although this step is not 
critical, it can be helpful for visualizing the borders. 
Submucosal injection should be performed outside of the 
coagulation marks so that there is a cushion under the endo-
scopic knife to decrease the risk of perforation. Once the lift 
is started, future injections should be directed at the edge of 
the prior lift to stay in the same plane and avoid the underly-
ing muscularis propria. Once a submucosal lift has been 
established, the distal (anal) border of the mucosa around the 
lesion is incised in semicircular fashion with an endoscopic 
knife (Fig. 5.5). Complete circumferential incision will result 
in increased leak of submucosal fluid with greater difficulty 
of subsequent lift. After partial incision, further dissection 
proceeds tangential (parallel) to the submucosa to prevent 
injuring the colon wall by getting out of plane. Visualization 
is aided with a clear cap distal attachment to allow the endo-
scope to elevate the overlying mucosa and create traction. 
Additionally, positioning the patient in a manner that uses 
gravity to allow the polyp tissue to fall away from the colon 
wall will also improve exposure. Vessels are easily seen from 
the addition of a blue dye to the injection and are coagulated 
for hemostasis. As dissection continues, repeat submucosal 

injection is periodically used to expand the submucosa in 
front of the dissection.

Occasionally, a hybrid method with ESD and EMR can 
be useful and time efficient. ESD techniques are used to 
define the resection borders, perform the lift, and get the 
dissection started. Afterward, the remaining central dissec-
tion can be done with a large snare in an effort to save time. 
Hybrid ESD can be performed with similar en bloc resec-
tion rates and shorter procedural time [52]. However, the 
recurrence rate following hybrid ESD is higher than conven-
tional ESD alone [53].

Following resection, routine colonoscopic review of the 
resection bed should be performed to look for any full-
thickness defect or exposed vessels. Small defects can be 
closed with clips or endoscopic suturing techniques (below). 
Larger perforations can be closed with an over-the-scope 
clip. Over-the-scope clips involve pulling the defect into a 
specially designed cap and then releasing a large multi-
pronged clip over the defect to approximate the edges. 
Exposed vessels can be treated with minimum coagulation to 
decrease the risk of bleeding. The lesion is then placed in a 
net for removal and stretched onto a board with pins for 
histology.

As would be expected of any new procedure, there is a 
learning curve with ESD.  ESD has been pioneered out of 
Japan due to the high incidence of gastric cancer treated with 
gastric ESD. The infrequency of early gastric cancer in the 
Western hemisphere limits the training opportunity for ESD 

a b c

d e f

Fig. 5.5  ESD procedural steps (Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography ©2020. All Rights Reserved). 
(a) 2-3 mm margin is marked followed by (b) submucosal injection. (c) 
Endoscopic knife dissection of the distal (anal) portion of the lesion. (d) 

Careful submucosal dissection with repeated submucosal injection as 
needed. (e) Removal of the polyp intact to allow complete pathologic anal-
ysis. Polyp can be pinned on a corkboard for orientation. (f) Final dissec-
tion. Vessels can be seen and coagulated. Selective closure is used
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techniques. Basic skills can be achieved through practice on 
ex  vivo models. When transitioning to patient care, rectal 
lesions are in a more forgiving location due to the presence 
of the mesorectum, which will cover inadvertent 
full-thickness injuries. Even in high-volume centers, endos-
copists may require up to 30 supervised cases prior to achiev-
ing technical proficiency of colonic ESD [54]. Endoscopists 
should expect a continued learning curve that may take years 
to master. In a single-center experience of 200 colonic ESD 
procedures, the perforation rate decreased from 12% during 
the first 100 cases to 2% in the second 100 cases [55]. 
Additionally, the en bloc resection rate increased from 80% 
to 92% over the 200 cases. Prior to developing an ESD pro-
gram, one should achieve familiarity with methods of endo-
scopic closure and hemostasis to develop an arsenal of tools 
that can alleviate common complications.

�Postoperative Care

As with most colonoscopy, patients treated with EMR can go 
home the same day. Patients treated with ESD may benefit 
from overnight observation. There is no need for prophylac-
tic antibiotics. Abdominal x-rays are frequently used after a 
difficult dissection to look for the presence of free air. No 
dietary restrictions are necessary afterward.

�Controversies with ESD Versus EMR

Critics of ESD may argue that en bloc resection of large, 
endoscopically benign-appearing colonic lesions is unneces-
sary as the rate of malignancy is <10% and that those lesions 
can be adequately treated with EMR [40]. Whereas ESD 
often involves advanced training and greater technical profi-
ciency, EMR techniques are readily available with no spe-
cific setup and minimal additional training. Even though 
EMR has a higher recurrence rate, recurrences are usually 
detected with follow-up surveillance endoscopy and can be 
treated with repeat endoscopic interventions [27]. The down-
side of EMR is the piecemeal excision, which can be detri-
mental in polyps with carcinoma. In comparison, ESD can 
be curative for superficial carcinomas that invade upper 1/3 
of the submucosa or <1000 μm (Sm1), as these lesions carry 
a low rate of lymph node metastasis [56]. However, this is a 
narrow population window for treatment. In comparing ESD 
and EMR, patients treated with ESD had a similar or higher 
rate of requiring subsequent surgery as patients treated with 
EMR [57]. In a study of over 1100 patients treated with 
colorectal ESD, the prevalence of invasive cancer was 19% 
[58]. Half of those were Sm2 and required surgical resection. 
Therefore, only 10% of patients treated with ESD had the 
benefit of complete resection of a superficial malignancy and 

avoidance of surgery. However, most would agree that there 
are certain patients with high-risk tumors that would benefit 
from en bloc resection to allow complete histologic analysis 
and potentially avoid major surgery. As a result of this poten-
tial benefit, ESD techniques are likely to continue to 
progress.

�Endoscopic Suturing

Closure of large defects after ESD or EMR is challenging 
with traditional clip placement. In 2006, an over-the-scope 
endoscopic suturing platform was developed (OverStitch®, 
Apollo Endosurgery Inc., Austin, TX). The device requires a 
dual-channel endoscope and employs an endoscopic grasper 
to hold the oral side of the mucosa to pass the suture. The 
suture is then passed through the distal (anal) side of the 
mucosa to close the defect. Partial-thickness or full-thickness 
bites with the suture can be done to close the defect. The 
suture can be used in interrupted fashion or run as one long 
suture for more advanced endoscopists. Once facile with the 
device, endoscopic suturing is a time-efficient way to close 
large defects and may prevent the need for overnight obser-
vation [59]. Endoscopic suturing has been also used to effec-
tively close full-thickness defects without the need for 
trans-abdominal operative intervention [60].

�Stabilization Platforms

Advanced endoscopy can be challenging due to the lumenal 
folds and intra-procedural motion of the colon. Multiple sta-
bilization platforms have been developed in an effort to allow 
more complex endoscopic surgery.

The DiLumen® (Lumendi Ltd., London, UK) is a double-
balloon platform that fits over any colonoscope. The device 
is advanced over the scope to the desired location. The after-
balloon is inflated, and then the fore-balloon is advanced 
beyond the target and inflated to create a therapeutic zone 
that is flat and smooth. The fore-balloon can also be used to 
create counter traction during ESD by attaching two small 
circles with suture to the balloon and then clipping the edge 
of the polyp resection to the circles [61]. When the fore-
balloon is advanced, the edge of the resected mucosa is ele-
vated to provide traction.

The ORISE Tissue Retractor System® (Boston Scientific, 
Marlborough, MA, USA) platform combines a stabilization 
cage along with two working channels to pass additional 
angled graspers to create counter tension. The flexible sys-
tem is advanced over any colonoscope with a current work-
ing length of 40 cm. The lesion is placed at the 6 o’clock 
position and cage is then expanded to create a stable platform 
for surgery. Special graspers can be advanced to grasp tissue 
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and then elevate the tissue to make dissection easier (Fig. 
5.6) [62]. Endolumenal surgical platforms are rapidly pro-
gressing to simplify endoscopic resection techniques and 
allow resection of more complex lesions.

�Approach to Referral for Unresectable Polyp

Surgeons are frequently referred large polyps that are con-
sidered endoscopically challenging for consideration for col-
ectomy. Historically, colectomy was performed with only a 
20% malignancy rate, suggesting that 80% of patients were 
over-treated with colectomy [38]. Patients often come with 
photos from their endoscopy, and it is a challenge to deter-
mine if the polyp will be endoscopically resectable.

Colored endoscopy photos and the pathology must be 
closely evaluated. If the photos are good quality, the lesion 
can be closely evaluated for ulceration, contour of the muco-
sal surface of the polyp, and vascular pattern. Similar to the 
above section on patient selection, features of malignancy 
should prompt colectomy instead of endoscopic attempts at 
resection. If the photographs are poor, repeat colonoscopy 
with attempts for ESD or EMR should be performed. If the 
colonoscopy is done in the operating room, a step-up 
approach of progressively more invasive techniques can be 
perforrmed. Resection can be attempted with endolumenal 
surgery and if unsuccessful, the patient can have combined 
endoscopic and laparoscopic surgery (CELS) or laparo-
scopic colectomy if warranted. The patient is consented for 
all three procedures prior to starting. The least invasive tech-
nique is attempted first followed by progressively more inva-
sive techniques to remove the polyp. The benefit to the 
patient is that the polyp is removed at one sitting. The down-
fall of this approach relates to scheduling constraints. 

However, as one masters the ESD technique and preopera-
tive assessment, selected cases can be easily scheduled in 
endoscopy units either with conscious sedation or monitored 
anesthesia care to avoid utilizing an operating room.

�Colonic Stenting

Endolumenal advances have also been made in the treatment 
of large bowel obstruction. Historically, large bowel obstruc-
tions have been treated with abdominal surgery and forma-
tion of an ostomy due to dilation of the bowel, inability to 
prep, and emergent indication. Self-expanding metallic 
stents delivered endoscopically offer a minimally invasive 
solution to large bowel obstruction. Colonic self-expanding 
metal stents are uncovered to allow tissue ingrowth and pre-
vent migration. Outcomes following stent placement have 
been controversial [63]. Colonic stenting is currently utilized 
in two situations: (1) a bridge to surgery in left-sided colonic 
obstructions and (2) palliation of malignant large bowel 
obstruction. There is no role for prophylactic stenting.

As a bridge to surgery in left-sided obstructions, stenting 
can avoid the need for stoma formation if the obstruction can 
be relieved and then colonic edema resolves to allow primary 
anastomosis. Patients treated with colonic stenting as a 
bridge to resection have a fivefold decreased likelihood of 
permanent stoma formation with a significant increase in pri-
mary anastomosis and decrease in wound infection rates 
[64]. However, stent placement does have complications, 
including perforation rate of 5%, migration rate of 4–10%, 
and repeat obstruction in 30% [65]. Due to stent related com-
plications, two randomized controlled trials of colonic stents 
were closed early [66, 67]. Concerns about the oncologic 
safety of stenting as a bridge to surgery exist [68, 69]. The 

Boston Scientific ORISE TRS platform Lumendi Dilumen C2 platform

a b

Fig. 5.6  Examples of endoscopic surgical platforms that create a ther-
apeutic working zone with creation of counter traction to aid in dissec-
tion. (a) The ORISE TRS platform by Boston Scientific (Marlborough, 
MA) has a stabilization cage with two available retractors to provide 
counter tension. Image provided by Boston Scientific Corporation. (b) 

The DiLumen C2 platform by Lumendi (Westport, CT) has a fore and 
aft balloon to straighten and stabilize the colon with two available 
retractors to create tension (Reused with permission from Lumendi, 
LLC)
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only published guidelines on intraluminal colonic stents as a 
bridge to surgery are from the ESGE from 2014 and are 
based on meta-analyses showing increased rates of local 
recurrence without differences in overall survival [70]. These 
guidelines state that colonic stenting should not be the pre-
ferred method of treatment for left-sided obstructions in an 
otherwise healthy patient but could be considered in patients 
with a higher anesthetic risk (ASA ≥3 or age >70). At least 
two systematic reviews/meta-analyses published since then 
have concluded that the use of stenting as a bridge to surgery 
is oncologically safe with a similar 5-year survival, disease-
free survival, and local recurrence rates as emergent surgery 
[71, 72]. Therefore, the use of stents in this setting is cur-
rently at the discretion of the individual surgeon based on 
experience and an assessment of the risks and benefits for a 
given patient’s unique clinical presentation.

In the palliative setting, endoscopic stenting has been rec-
ommended by the ESGE as the preferred method of treatment 
[70]. According to a recent meta-analysis, stent placement for 
palliation has a similar mortality rate to emergent surgery 
with a shorter hospital stay and decreased stoma rate [73]. A 
separate study showed that long-term stent placement allowed 
95% of patients to avoid stoma formation [74].

Prior to considering any colonic stenting, water-soluble 
contrast enema should be performed to evaluate the relevant 
anatomy. For obstructions, it is important to map out the loca-
tion of the tumor, length of stenosis, and the lumen caliber. 
Alternatively, CT with rectal contrast can provide similar infor-
mation while also demonstrating potential extrinsic causes and 

metastatic potential. If no contrast makes it across the lesion, 
stenting is less likely to be successful as it will be very chal-
lenging to pass a guidewire and increase risk of false passage of 
the guidewire resulting in potential perforation.

Based on personal experience, stenting colonic obstruc-
tions secondary to extrinsic causes (i.e., intra-abdominal 
metastatic disease resulting in colonic luminal narrowing or 
obstruction) is associated with an increased rate of migration 
and perforation, likely because the colon wall is not thick-
ened and the mucosa is normal and does not allow stent 
ingrowth. Therefore, palliative stent placement is usually 
reserved for intrinsic obstructing lesions. Patients are coun-
seled regarding the risks of stent placement. Either inability 
to place the stent or procedural complication is followed by 
emergent surgery with diverting colostomy formation [75].

�Stenting Technique

Contrasted enema study is performed (either under fluoros-
copy or in CT) to develop a roadmap. Fluoroscopy is used to 
guide placement. A guidewire is placed across the lesion. 
Confirmation of location can be done by exchanging the 
guidewire for a catheter to inject contrast and air to confirm 
intraluminal location. Haustrations should be seen with 
double-contrast injection. The appropriate size stent is 
selected, with favor given to the largest diameter and longest 
stent available. Shorter stents are chosen for rectal lesions to 
avoid stent placement within 5 cm of the anus, which may 

Obstructing
lesion

Guide
wire Stent in

sheath

Clip

Proximal
marker

Catheter

Colonoscope

a b c d

Distal
marker

Fig. 5.7  Endoscopic stent placement of obstructing colon lesion. A 
guidewire is used to cross the lesion (a). Catheter can be advanced to 
instill contrast and air to confirm luminal location proximally. The 
sheathed stent is then advanced over the guidewire under fluoroscopy 
guidance (b). A clip can be placed 5 cm distal to the lesion to align with 

the distal marker on the stent, and then the sheath is withdrawn to 
deploy the stent under fluoroscopy (c). The stent will straddle the lesion 
and expand over the following 48 hours (d). Note that the clip and the 
distal marker are aligned
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result in significant tenesmus. The stent is passed under fluo-
roscopy guidance. A metallic clip can be placed 5 cm distal 
to the lesion as a radio-opaque marker for the landing zone of 
the distal aspect of the stent (Fig. 5.7). Balloon dilation of the 
stent is not recommended. The scope is not passed through 
the stent after placement to avoid potential stent dislodge-
ment. Abdominal x-rays are performed in recovery to con-
firm location and rule out obvious free air (Fig. 5.8). Stent 
expansion will occur over the next 48 hours and the patient is 
monitored closely afterward for clinical result. Stool soften-
ers are prescribed to help avoid fecal obstruction of the stent.

�Stenting Anastomotic Leaks

Esophageal covered stents have been used in the colon and 
rectum to treat contained anastomotic leaks with case reports 
documenting success [76, 77]. The stent will block further 

extravasation of stool and may allow healing of the sinus. 
However, there is a high rate of stent migration, which may 
require stent replacement. In reported small cohort studies, 
covered stents are left in place without fecal diversion rang-
ing from 20 to 50  days. Following removal, repeat water-
soluble enema study is performed. Successful closure was 
seen in 80–100% of patients.

�Conclusion

Endolumenal approaches to surgery are rapidly advancing 
and offer patients a minimally invasive approach that can 
result in a shorter hospital stay and more rapid return to nor-
mal activity with less morbidity. Surgeons are the ideal pro-
vider for endolumenal procedures. Patients can be stepped 
up from endolumenal surgery to CELS to formal resection 
based on the nature of the colonic lesions. Additionally, sur-

a

c

b

Fig. 5.8  Endoscopic stent placement. (a) The lumen in the obstructing 
mass is carefully selected and a guidewire is passed. Guidewire is 
exchanged for a catheter to inject contrast and air to confirm location. 

(b) Self-expanding metallic stent is then deployed. (c) Postoperative 
x-ray shows waist (red arrow) in the stent corresponding to the tumor 
location
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geons have a firm understanding of the anatomic constraints 
and the ability to repair potential complications. Although 
endolumenal surgery is considered challenging at present, it 
will likely continue to progress and gain more popularity 
over time with increased patient benefits. Advancing tech-
nology and flexible endorobotics will undoubtedly facilitate 
this evolution.
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