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The implementation of screening colonoscopy with polyp removal has significantly decreased mortality rates
associated with colorectal cancer (CRC), although it remains a major cause of cancer-related deaths globally. CRC
typically originates from adenomatous polyps, and increased removal of these growths has led to reduced CRC
incidence and mortality. Endoscopic polypectomy techniques, including hot and cold snare polypectomy, play a
pivotal role in this process. While both methods are effective for small polyps (<10 mm), recent evidence favors
cold snare polypectomy due to its superior safety profile and comparable complete resection rates. Large polyps
(>10 mm), particularly those with advanced features, pose increased cancer risks and often require meticulous
assessment and advanced endoscopic techniques, including endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD), for resection.

This chapter also provides a practical overview of endoscopic techniques for managing colonic obstructions
and pericolonic fluid collections, detailing their indications, advantages, disadvantages, and complications. The
goal is to improve understanding and application in clinical practice. Additionally, we provide a summary of
endoscopic closure techniques that have revolutionized the management of perforations and fistulas, offering
safe and effective alternatives to surgery.

polyp tissue for resection. Both hot (with electrocautery) and cold snare
polypectomy techniques are effective in removing small colon polyps

Introduction

The implementation of screening colonoscopy with polyp removal
has resulted in a remarkable decline in mortality rates associated with
colorectal cancer (CRC). Despite this positive trend, colorectal cancer
remains the second leading cause of cancer-related deaths and is the
third most common cancer worldwide. CRC typically evolves from
adenomatous polyps, and increased removal of these pre-cancerous
growths has significantly decreased the incidence and mortality rates
from colorectal cancer. Various methods can be employed for endo-
scopic polyp removal. This chapter aims to provide a clinically oriented
overview of these techniques, explaining how and when they are used,
as well as advantages, disadvantages, and complications.

Endoscopic polypectomy
Background

Snare polypectomy utilizes a thin metal ring to entrap and cut the

<10 mm in size, however recent evidence suggests the use of cold snare
over hot snare may be beneficial given its superior safety profile and
non-inferior complete resection rates [1].

Hot snare polypectomy vs cold snare polypectomy

Hot snare polypectomy (HSP) employs electrocautery to cut the
colonic mucosa, offering advantages such as eliminating neoplastic cells
at tissue margins and reducing rates of intra-procedural bleeding.
However, drawbacks include the risk of full thickness injury to the bowel
wall and delayed post-polypectomy bleeding. As a result, the preferred
approach for small polyps under 10 mm is en bloc removal by cold snare
polypectomy (CSP) typically using dedicated 8-10 mm diameter thin
braided stiff wire snares designed to provide greater tissue traction to
precisely cut through mucosal tissue. For best results, the polyp should
be positioned in the 5 o'clock position with the snare positioned around
the lesion including a 2-4 mm margin of normal tissue to ensure
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adequate resection of neoplastic tissue [2] (Image 1). Use of a cold snare
is associated with less delayed bleeding, even in patients on therapeutic
anticoagulation. It also poses a lower risk of colon perforation and re-
quires shorter procedure times compared to HSP [3-5]. While some
studies suggest higher incomplete resection rates with CSP, the evidence
is limited and lacks statistical significance. Cold forceps can serve as an
alternative for polyps under 3 mm, although using forceps for polyps
larger than 3 mm increases incomplete resection and recurrence rates
[6]. Historically, hot forceps were a popular tool for removing these
smaller polyps but have declined in use due to an increased association
with perforation, delayed bleeding and post-polypectomy syndrome
[4,71.

Large polyp removal
Background

The risk of cancer increases with polyp size. Large polyps (> 10 mm),
those with villous or tubulovillous morphology, and those with high
grade dysplasia are considered to be advanced adenomas. As such, a
variety of techniques have been developed to remove advanced ade-
nomas with the goal to ensure complete removal with negative margins
to lower the risk of recurrence or progression to cancer. Prior to
attempted resection, the polyp should be carefully inspected using a
combination of high-definition white light in addition to advanced op-
tical techniques such as narrow band imaging or blue light imaging to
assess for mucosal changes that may suggest deep submucosal invasion,
which would preclude successful endoscopic resection (Image 3).
Careful assessment and demarcation of the mucosal margins of the
polyp, sometimes with the addition of chromoendoscopy and electro-
cautery markings around the borders are important to facilitate com-
plete resection with negative margins. Endoscopic tattoos using India
Ink or carbon black injected into the submucosa distal to or on the
opposite wall from the polyp are often placed to allow for identification
of the site during a follow up colonoscopy or at the time of surgery if
invasive cancer is found on pathologic review.

If after careful assessment of a large or complex polyp the endo-
scopist defers resection during an index colonoscopy and instead plans
to refer to an advanced endoscopist for removal, caution must be exer-
cises to avoid practices that could induce submucosal fibrosis, hindering
potential future endoscopic resection techniques. These practices
include tattooing near or underneath the lesion, as well as performing
multiple biopsies or partial snare resection of the lesion [8].

Complex polyp features that suggest potentially unfavorable out-
comes with advanced endoscopic resection techniques (i.e. incomplete
resection or recurrence) include lesions >40 mm, ileocecal valve lesions,
recurrent polyps or prior failed attempts at resection and size/
morphology/site/access (SMSA) level 4 lesions [9].

Pedunculated polyps

For pedunculated polyps >10 mm, multiple guidelines suggest
removing these with hot snare electrocautery to prevent intra-

Image 1. Cold snare polypectomy.
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procedural bleeding [10]. For larger polyps, especially those with a
thick stalk, the polyp stalk can be pre-treated with epinephrine injection
or endoscopic clipping prior to polypectomy to reduce the risk of
bleeding. An Endo loop (a loop ligating device) can also be placed
around the polyp stalk to act as a tourniquet prior to polyp resection
(Image 2).

Sessile polyps

Large sessile polyps can be removed using advanced endoscopic
resection techniques including endoscopic mucosal resection (EMR) or
endoscopic submucosal dissection (ESD).

Conventional EMR

Conventional EMR is used to remove non-invasive polyps that are
>10 mm in size. This procedure involves injecting a lifting solution into
the submucosal space to establish a cushion, facilitating the separation
of the mucosa from the underlying muscularis propria (Image 4). Sub-
sequently, a snare is utilized to excise the lesion. This technique im-
proves safety and prevents damage to the deeper layers. Typical
solutions for injection include normal saline or saline mixed with suc-
cinylated gelatin, hydroxyethyl starch, or glycerol to increase the vis-
cosity and delay reabsorption of the injected fluid. Coloring agents such
as indigo carmine, methylene blue or food coloring are often added to
the injectate to better identify the submucosal layer and delineate the
mucosal margins of the polyp. Premixed commercial injecting agents are
also available. The solution can also be diluted with epinephrine (in
concentrations ranging from 1:100,000 or 1:1,000,000) to decrease
intra-procedural bleeding, however, this has been associated with an
increased risk of delayed bleeding [11,12].

After an adequate injection lift, the polyp can then be resected with a
snare either en bloc or piecemeal. En bloc resection is the preferred
method for polyps up to 20 mm in size and leads to lower recurrence
rates compared to piecemeal resection [13,14]. En bloc resection of
large polyps up to 20 mm in size often requires the use of electrocautery
to resect the polyp. However, en bloc resection should not be attempted
if the polyp is >20 mm, as this is associated with a higher perforation
risk. Therefore, when en bloc resection is not feasible or safe, piecemeal
resection should be performed, even though it is associated with a
higher likelihood of local recurrence [12].

Piecemeal EMR of large polyps typically involves removing 8-10 mm
portions of the polyp starting at one edge of the polyp and then moving
laterally to remove additional pieces until the entire lesion has been
resected (Image 5). Submucosal injection is often employed prior to
resection, though smaller lesions between 10 and 20 mm can sometimes
be resected piecemeal without prior injection lift. In general, both hot
and cold piecemeal EMR are used in practice; however, current evidence
supports the use of cold EMR over hot EMR given its decreased delayed
bleeding and perforation risks [14-16]. If piecemeal resection is uti-
lized, the lateral margins of the mucosal resection area should have
normal tissue. That said, the recurrence rate is higher in cold EMR than
hot EMR with approximately 17 % and 7 % recurrence, respectively

a, b) Steris Exacto snare; c,d) Boston Scientific Captivator cold snare with cold snare resection — courtesy BSC.
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Image 2. Olympus endoloop.
a) Olympus endoloop; b) Detached endoloop; ¢) Pedunculated polyp; d) Endoloop on stalk; e,f) Post resection (loop migrated-clips placed on stalk).

Rectum probable cancer same FICE BLI
b

Image 3. a Left: polyp with central depression and mucosal change suggestive of deep submucosal invasion; Right: close up of central depression with irregular pit
pattern.

b Polyp with central depression and abnormal pit pattern suggestive of deep submucosal invasion. High definition white light image on left, FICE center and Blue
light image on right.

Image 4. Submucosal injection.
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Image 5. Piecemeal EMR.

Image 6. Underwater EMR.

[17]. Extending polyp margins by 3 mm with cold snare resection or
treatment of the margins using electrocautery techniques including
argon plasma coagulation or soft coagulation current using the snare tip
can reduce the risk of recurrence [18-20].

Underwater EMR

An alternative and effective approach to conventional EMR is un-
derwater EMR [21,22]. It is often employed to resect sessile lesions in
situations where the boundaries of the lesion are unclear. This technique
involves evacuating air from the colonic lumen and infusing water to
immerse the area. This ‘underwater’ environment floats the submucosa
away from the muscularis propria, significantly improving the visuali-
zation of lesion boundaries and negates the need for submucosal injec-
tion. Additionally, the higher refractive index of water leads to objects
appearing larger and thus increasing the chances of identifying the
boundaries of the lesion (Image 6). Narrow band imaging (NBI) or blue
light imaging (BLI) is often employed to determine the margins of the
lesion prior to then resecting the lesion with hot or cold snare techniques
similar to conventional EMR. Interestingly, one meta-analysis found that
underwater EMR may be more effective in en bloc resection and have
shorter procedure times than conventional injection EMR [23,24].

ESD

ESD is an advanced resection technique that allows for en bloc
resection of large mucosal polyps and can be used in scenarios where
snare resection is not optimal [25]. It was originally developed in Japan
in the 1990s for gastric malignancies, and its applications have since
expanded to other parts of the GI tract [26]. When evaluating polyps for
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high-risk criteria, it is recommended to use chromoendoscopy, narrow-
band imaging, blue light imaging or EUS [11]. If there is concern based
on careful evaluation that there may be submucosal invasion (depressed
edges, ulceration, and irregular pit pattern), one can biopsy instead of
attempting resection. Additionally, EUS can be a useful adjunct in
determining invasion at this time, especially for lesions in the distal
colon or rectum.

The technique of ESD begins by marking the margins of the polyp
with the tip of the ESD knife 3-5 mm from the polyp edge. Submucosal
injection with a lifting solution similar to EMR is then carried out around
the periphery of the lesion. Then one proceeds with a circumferential
incision using Endocut™(Erbe) cautery into the submucosa guided by
the cautery marks surrounding the lesion. Once the circumferential
incision is completed, the lesion is then carefully dissected strand by
strand after sequential submucosal injection, creating a mucosal flap
underneath the lesion using coagulation current, being careful not to
injure the underlying muscularis propria. Dissection is continued until
the lesion is released from its submucosal attachment to eventually
complete an en bloc resection [26-28] (Image 7). Variations on tech-
nique include beginning with a mucosal injection distal to the lesion,
followed by submucosal injection and tunnelling dissection underneath
the lesion proceeding to the proximal extent, before completion of the
resection after incising the lateral borders of the polyp.

There are numerous types of knives that can be employed for ESD,
the choice of which to use comes down to operator preference. A variety
of lifting solutions can be used including normal saline - however, given
the prolonged nature of the procedure, solutions that lift tissue for
longer periods of time are preferred by some such as hypertonic saline,
dextrose, hydroxypropyl methylcellulose as well as glycerin. Coloring
agents similar to those used with EMR such as indigo carmine,
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Mizutani H et al. Recent Development in Colorectal Endoscopic Submucosal Dissection

Fig. 1. Pocket creation method. (A) A colen tumor, such as a laterally spreading turnor. (B) A minimal mucosal incision is performed after submucosal imjection. (C,
D) The endoscope s inserted into the submucosal layer from the initial incision and submucosal dissection is performed in such a way as to make a pocket under the
lesion. (E. F) Finally, incisions are made around the lesion to complete an bloc resection of the remaining mucosa.

Image 7. a Pocket method for colorectal ESD [69].
b (ESD for rectal polyp.)

a) Rectal LST; b) Olympus dual knife; ¢) ESD circumferential incision; d) ESD submucosal dissection; e) Post ESD defect with small focal perforation; f) post suture and

clip closure of ESD defect.

methylene blue or food coloring are added to the injectate to better
define the submucosal and mucosal layers from the underlying muscu-
laris propria. During the dissection, traction is often employed to help
visualize the resection bed, such as clip with line assistance, rubber band
technique, and O-clip assisted method (Image 8). For hemostasis after
dissection, most knives have the ability to perform monopolar anti-
coagulation, and typically hemostatic forceps (Coagrasper™ (Olympus))
are also employed to control bleeding from focal blood vessels within
the resection bed [26].

The advantage of performing ESD with larger polyps is the ability to
take lesions en bloc which allows for accurate pathologic assessment of
margins and is associated with lower recurrence rates ranging from 0 to
3 % as compared to EMR (0-9.1 % for en bloc resection, 10-23.5 % for
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piecemeal resection). For lesions with features suspicious for submu-
cosal invasion, specifically those in the rectum, EUS can be considered
prior to resection, as noted above [25]. Endoscopic resection of these
lesions via ESD has significant cost benefits compared to surgery, which
is an important consideration [8].

Furthermore, long term outcomes with large polyps that are
completely removed with ESD are typically better with colonic lesions
compared to rectal lesions. A 2013 study from Japan looking at long
term outcomes showed that the risk for recurrence with high-risk lesions
was 1.4 % in the colon and 16 % in the rectum, and thus surgery may be
recommended as an adjunct for high-risk lesion in the rectum [30,31].
As such, when en bloc EMR in the rectum is not safe or feasible, ESD is
preferred for resection of these lesions as it associated with higher en
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Fig. 2. Traction methods. (A) External forcaps method. (B) Clip-with-line method. (C) Clip-and-snare method with a predeoping technique. (D) Clip-with-loops method.

Image 8. ESD traction technique [69].

Image 9. EFTR.

a) Periappendiceal polyp; b) Edge marking; ¢) FTRD/clip device on scope; d, ) S/p resection with clip in place; f, g) FTRD resected specimen (both sides).

bloc and RO resection rates, and has lower rates of recurrence than with
piecemeal EMR [29].

ESD is a complex and demanding procedure (long procedure time,
higher costs) with high potential complication rate (perforation,
bleeding, and coagulation syndrome) [27,32]. In addition, it requires
additional training (i.e. advanced endoscopy fellowship or other
mentorship with supervision by an expert endoscopist). While ESD is
accessible in tertiary academic medical centers with expert
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endoscopists, it is otherwise not widely available given the need for
additional training and the complexity of the procedure.

Novel technique: endoscopic full thickness resection

In cases where there is submucosal fibrosis or a polyp extends beyond
the superficial submucosa, EMR and ESD should be avoided given their
higher risk of complications. Although these lesions historically required
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Image 10. Hybrid APC.
a) Hybrid APC after power jet injection; b) Hybrid APC after injection lift; ¢) Recurrent periappendiceal polyp; d) S/p partial resection/fibrosis; e) S/p Hybrid APC to
fibrotic resection base.

Image 11. EMR perforation closure.
a) Post injection lift polyp; b) Perforation post EMR; c¢) Overstitch suturing; d) S/p overstitch closure.

Image 12. Post EMR clip closure.

surgery, recent advancement in endoscopic techniques introduced EFTR, the lesion is removed first, and then the resulting defect is closed

endoscopic full-thickness resection (EFTR) as a minimally invasive with a clipping or suturing device. Conversely, the non-exposed
alternative to resect these lesions [33]. The technique involves full approach involves pinching off the lesion with a clip or sutures before
thickness resection of the mucosa including the muscularis propria, resecting the lesion with a snare just above the clip or suture line.
employing either an exposed or non-exposed approach. In the exposed Common closure devices include endoclips for small (< 1 cm) defects
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Image 13. Colonic balloon dilation of anastomotic stricture.

Image 15.

and over-the-scope clips or Overstitch for larger defects [34]. An over
the scope full thickness resection device that employs a clip over a large
cap (Ovesco) with an embedded snare fitted on the tip of a colonoscope
has been successfully used for resection of fibrotic polyps as well as those
growing into a diverticulum or the appendiceal orifice [35] (Image 9).
Though relatively safe and effective, EFTR of appendiceal orifice polyps
has been associated with an increased risk of appendicitis [35].

Novel technique: hybrid argon plasma coagulation

Another novel technique being employed is called hybrid argon
plasma coagulation. This uses thermal ablation to reduce the risk of local
recurrence after a polyp has been resected with EMR [36,37]. The two-
part technique begins with standard EMR to completely resect the polyp,
followed by repeat submucosal injection followed by APC of the base
and edges of the resection bed to decrease the risk of local recurrence.
This technique can also be efficacious for resection of recurrent polyps
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EUS drainage perirectal collection.

where submucosal fibrosis is present (Image 10).

Review of pathology & follow up

For adenomatous polyps confined to the mucosa including those
with high grade dysplasia or intramucosal cancer, resection is consid-
ered adequate as long as deep margins show no evidence for submucosal
invasion as there are no lymphatic channels in the colonic epithelium
and as such there is no risk for lymph node metastases. Lateral margin
assessment can be reliably assessed only with en bloc resection and as
such piecemeal resection has been associated with higher rates of local
recurrence. Thus, wide margin resection with or without margin treat-
ment with electrocautery is an important consideration for polyps
removed piecemeal. To aid in the pathologic review, pinning the spec-
imens affixed to flat surfaces such as cork or foam can aid the pathologist
to accurately define margins [8].

Adenomatous polyps associated with superficial invasive cancer that
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Grasp first perforation edge Grasp opposite perforation Retract perforation into cap Apply clip and release
with one of the two OTSC® edge with second jaw part (OTSC® Twin Grasper® must 0TSC® Twin Grasper®
Twin Grasper® jaw parts be fully inside cap)

Image 16. (TTSC clip closure and OTSC).
a-d) TTSC for post EMR clip closure, courtesy Boston Scientific; e-g) OTSC for closure of gastric fistula, courtesy Ovesco Endoscopy AG.

Image 17. (Overstitch device) — Courtesy Apollo Endosurgery.
a) Apollo device - courtesy Apollo endosurgery; b) Post EMR focal perforation; c¢) Overstitch device closure; d) post Overstitch defect closure.
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Four HeliX Tacks are

placed independently  fingl suture tension,

Suture Cinch facilitates

Final closure.

around the defect. Intra- locks construct, and cuts

procedural suture
tension helps
approximate margins.

excess suture.

Image 18. X-Tack device.

a) X-tack device - courtesy Apollo Endosurgery; b) Large colon polyp; c) Post EMR defect; d) s/p X-Tack defect closure.

have been resected endoscopically can be considered curative if all of
the following pathologic criteria have been met: well or moderate dif-
ferentiation, negative resection margins, absence of lymphovascular
invasion, absence of tumor budding (isolated tumor cells ahead of
invasive front), and submucosal invasion depth of <1 mm. [38]. If these
criteria are not met, the patient should be referred for surgical resection
given the higher risk of lymph node metastases [25]. If only the lateral
margin is positive (but no other high-risk criteria are met), re-treatment
can be considered prior to consideration of surgery [25].

Though clear guidelines do not yet exist for endoscopic surveillance
after EMR and ESD, it is generally recommended to survey 3-6 months
after index treatment, especially if high risk dysplasia or intramucosal
cancer is present or for large polyps that have been resected piecemeal.
If there is no recurrence at follow up colonoscopy, then subsequent
exams can be performed using routine post polypectomy surveillance
guidelines [39].

Complications

Large polyp removal (EMR, ESD or EFTR) has a higher risk of po-
tential complications compared to routine small polypectomy. The most
dreaded complication is perforation, with ESD having a higher perfo-
ration rate of ~4.8 % compared to 2-14 % in EMR [27]. If recognized
during the procedure, the perforation can often be managed endoscop-
ically. Techniques such as standard endoclip closure, over the scope
clips (Ovesco, Padlock) and endoscopic suturing techniques (Over-
Stitch™ (BSC) or X-Tack™ (BSC)) have all been shown to be effective in
managing perforations, the choice of which depends on the scenario and
endoscopist preference (Image 11).

Another potential complication of EMR and ESD is post polypectomy
coagulation syndrome, a transmural burn from electrocoagulation
causing local peritonitis [26]. This is typically associated with pain,
fever, leukocytosis and peritoneal inflammation in the absence of

165

perforation, which most commonly presents within 12 h of colonoscopy,
though can be delayed up to 5-7 days [40,41]. Imaging may reveal focal
thickening of the colonic wall with fat stranding. The syndrome is often
managed conservatively with fluids, pain control and bowel rest [42]
with surgery reserved for those with progressive symptoms or concern
for perforation.

The most common complication of EMR and ESD is bleeding.
Intraprocedural bleeding can be controlled with coagulation techniques
or hemostatic clips. Additionally, careful coagulation of vessels in the
resection bed can help avoid delayed bleeding [43]. Finally, prophy-
lactic closure of the mucosal defect after EMR or ESD with clips or suture
closure devices can reduce the risk of bleeding, especially in the right
side of the colon [44] (Image 12).

Endoscopic management of colonic obstruction
Background

Mechanical large bowel obstructions, often the result of malignancy,
strictures, anastomotic issues, ischemia, radiation, or sequelae of
diverticulitis, can be treated with endoscopic intervention specifically
by using endoscopic balloon dilation or intraluminal stents. Balloon
dilation is typically preferred for anastomotic or inflammatory, benign
strictures but often requires serial dilations, while colonic malignancies
are better treated with stenting. In general, both procedures are more
successful if the lesions are <4 cm in length [45]. The use of dilation or
stenting also depends on the location of the obstruction, and if surgery is
indicated.

Endoscopic balloon dilation

Endoscopic balloon dilation passes a balloon catheter over a guide-
wire to the midpoint of the stricture. The balloon is inflated with saline
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slowly and then deflated and removed; care should be taken to ensure
the balloon stays centered on the stricture while inflating with counter
traction. The diameter of colonic balloons ranges from 6 to 20 mm [45].
Wire guided balloons are also available for tight strictures where fluo-
roscopy can be utilized to ensure safe and intraluminal placement of the
balloon prior to inflation. Dilute contrast can be added to saline for
inflation when fluoroscopy is used to assess effacement of the waist in
the balloon during dilation (Image 13). Perforation can be a serious
complication, and so choice of balloon size according to stricture size is
important prior to dilation [47]. As noted, balloon dilation can be used
with benign pathology such as anastomotic or inflammatory strictures.
Studies have shown that the clinical success rate of dilation is approxi-
mately 89 % after a single dilation, but 50 % of cases typically result in
re-obstruction an average of 5 years post-dilation [46].

Intraluminal stents

Stents can be deployed through the scope, often after a guidewire or
stent catheter is passed under fluoroscopy across the stenosis. The stents
are typically self-expandable metallic metal stents (SEMS), ranging in
post-deployment diameter from 20 to 35 mm (Image 14). These are
often composed of nickel or titanium alloy which has increased flexi-
bility for expansion [45]. These are deployed through the scope with or
without guidewires, or with fluoroscopy. The stent often has markers on
it that can be visualized under fluoroscopy to help with positioning [45].
Once deployed, there is often passage of colonic material or gas. It is
recommended against passing the scope through the stent after
deployment, given concern for the stent phalange damaging the scope
[45]. Placement should be considered as a bridge to surgery, during
chemoradiation, or as a palliative care option for end-of-life patients
who are not candidates for surgery [47]. As a bridge to elective surgery,
SEMS can be used in malignant obstruction to avoid emergent surgery
and need for colostomy, and reduce preoperative mortality [54]. Only
uncovered metal stents are currently approved for use in the colon due
to their lower rates of migration and longer patency compared to
covered stents. However, uncovered stents cannot be removed after they
are placed due to tissue ingrowth. In some instances, removable, covered
metal stents can be used off-label for benign strictures, but long-term
safety data is lacking to support the routine use of stents for benign
disease. There has been little success with SEMS in benign stricture
disease, and there is concern about the complication rates, including
migration and perforation [47]. There is a novel type of stent made of
biodegradable polydioxanone microfilaments that has been developed
as a means for temporarily stenting open the intestinal lumen and
obviating the need for stent removal [48]. Unfortunately, there is a lack
of research currently on how well this approach works in routine prac-
tice for colonic obstructions [49].

Clinical success with colonic stenting occurs in approximately 90 %
of cases. Studies have shown improved outcomes in patients with ma-
lignant colonic obstruction undergoing stenting as a bridge to surgery
compared to those who proceed directly with surgery [50], and more
specifically in those higher risk patients (older, higher American Society
of Anesthesiologists classification) [51]. The CReST Collaborative Group
and Arezzo et al. [52,53] demonstrated that stenting left-sided malig-
nant obstructions before surgery leads to lower short-term morbidity
and lower likelihood of stoma creation during surgery, and Kanaka et al.
[54] revealed a reduction in post-operative complications and mortality
in stenting right-sided malignant obstruction before surgery. Tumors
with a lower chance of successful stenting are in areas of sharp angu-
lation where the guidewire or stent catheter is not able to pass across the
obstruction. Careful consideration should also be taken when placing
stents in the distal rectum. Historically, these stents were thought to
have been associated with increased tenesmus, incontinence, rectal pain
or bleeding, although recent research suggests stenting may be safe and
clinically effective for malignant obstructions in the distal rectum [55].

166

Surgery Open Science 20 (2024) 156-168
Complications

Balloon dilation complications include perforation, re-stenosis, and
bleeding, while colorectal stenting complications include perforation,
pain, bleeding, stent re-obstruction and stent migration. Colonic re-
obstruction is the most common complication for both procedures,
occurring in 7-14 % of stent cases and 12-60 % of balloon dilation cases
[45,50,56,57]. Additional balloon dilation or stent insertion can typi-
cally address these complications.

Endoscopic management of fluid collections: EUS techniques
EUS drainage

Endoscopic ultrasound (EUS) guided drainage has long been used in
the drainage of peripancreatic fluid collections and biliary obstruction
[58]. EUS can be used to assist with drainage of pericolonic and peri-
rectal collections. Specifically, it has been employed in Crohn's disease
with transrectal collections in scenarios where surgery may be chal-
lenging or unnecessary [59]. First, a needle is introduced with EUS
guidance for access and aspiration, followed by guidewire insertion into
the abscess cavity. Following this, a balloon catheter can be inserted
over the wire for balloon dilation of the tract to allow placement of a
pigtail stent to drain the abscess or collection [59]. Alternatively, one
can place EUS guided lumen apposing metal stents (LAMS) for drainage
of perirectal or pericolonic abscesses [60] (Image 15).

Indications and complications

Pelvic collections can develop due to inflammatory bowel disease,
appendicitis, diverticulitis, ischemic colitis and even pelvic inflamma-
tory disease. EUS guided drainage of perirectal or pericolonic collections
has been considered a suitable alternative to surgical or percutaneous
drainage (2017 Poincloux). Specifically, if reachable by echoendoscope
and if not multiloculated, it is feasible and easy to drain such collections
endoscopically [58]. It can also be an option for those with fecal
diversion or those with altered anatomy [61]. Challenges to these pro-
cedures include stent dislodgement, migration, contamination with
stool, perforation, or rectal discomfort (if a perirectal collection).

Closure of perforations and fistulas
Background

Historically, surgery was the only option for treating perforations
and fistulas. In recent years, endoscopic advancements in closure tech-
niques have resulted in safe and effective alternatives to surgery for
fistula and perforation repair. The currently available endoscopic
closure techniques are described in detail below.

Endoclips

There are two available modalities of clipping, over-the-scope clips
(OTSC) and through-the-scope clips (TTSC). Both are used in the man-
agement of chronic fistulas and acute perforations. Often, TTSC is
employed to close small defects that are <1 cm. Typically, several clips
are deployed in series to close the defect, and closure is limited to the
mucosal and submucosal layers [62]. OTSC is used for closure of defects
up to 2 cm in diameter and is typically more effective in closing full
thickness defects [62]. The clip OVESCO (Tubingen, Germany) is the
most commonly used OTSC and uses a hand wheel system to deploy the
OTSC. The clip is mounted on an applicator cap at the distal end of the
endoscope and uses suction to entrap the targeted tissue in the cap and
deploy the clip over the defect with watertight closure. It allows for easy
suction of the mucosa and enables approximation of the edges, allowing
a more secure grasp of the defect [62] (Image 16).
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Suture devices

Endoscopic suturing can be used to close larger defects such as
fistulae or perforations, though is more technically challenging and re-
quires special training prior to use. Apollo OverStitch™ (BSC) is a single
use stitching device fitted on the tip of a double channel gastroscope that
can place continuous or interrupted sutures without needing to remove
the scope between applications [63,64] (Image 17). It has a curved
needle to control depth of suture placement. As noted, sutures can be
reloaded while maintaining visualization. After sutures are placed, there
is a knotless fixation device (“cinch”). This technique is more successful
in closure of acute perforations and small fistulae, and when compared
to endoclips, suturing devices are more effective in closure of perfora-
tions [64]. Endoscopic suturing is less successful in closure of chronic
fistulae (success rate of <23 %) [63]. Though suturing may be successful
in the short-term, long-term data is lacking regarding the success rate of
endoscopic suturing for closure of large fistulae.

A specific suture-based tool, X-Tack™ (BSC), which is a through the
scope device, has been FDA approved for closure of mucosal and full-
thickness defects. It is made up of four 5-mm surgical steel tacks on a
3-0 polypropylene suture. The suture goes through an eyelet on all 4
tacks. Each tack is advanced one by one along suture string, and
deployed into the tissue. Notably, the first tack should be deployed into
healthy tissue 5-10 mm from the edge of the defect. If done incorrectly,
this can be reversed with the drill function. After this, the additional
sutures are reloaded and then deployed. When each is deployed, the
suture should be pulled tight to remove slack. Once all placed, the suture
is then tightened with a cinch, similar to the OverStitch cinch, to close
the defect. An advantage of X-Tack compared to Overstitch is that it can
be placed through both single channel gastroscopes and colonoscopes
without the need to remove the scope to assemble or place the device.
The device is particularly useful in the proximal colon where other
closure devices may be unable to maneuver or reach the defect for
closure [66] (Image 18).

Glue - fibrin, purastat

Fibrin glue has been used to close fistulae or leaks including those
associated with an anastomosis to create a mechanical seal [67]. Fibrin
glue is applied via a double lumen catheter with an injection catheter to
simultaneously inject human fibrinogen and clotting proteins (the
sealant) and freeze-dried thrombin (the catalyst) to create a fibrin clot to
seal the defect to promote healing and closure of the fistula. Typically
anywhere from 1 to 10 cc are injected. Prior to applying glue, it is
suggested to apply cautery or cytology brush to denude or ablate the
epithelial lining of the fistulae to help with closure and healing [63,65].
Though initial success rates for fibrin glue are encouraging, recurrence
rates are relatively high [67]. A newer hemostatic peptide agent
(Purastat™ (3-D Matrix)) typically used for GI bleeding, that is a
hydrogel containing four peptides that forms a molecular mesh in con-
tact with blood, has been used off label by some in an attempt to close
fistulae or leaks [68]. This comes in a 3 ml vial and one can inject as
much as needed. Glues and sealants are sometimes used along with clips
or suturing devices to close leaks and fistulae.
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