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Abstract
Endoscopic polypectomy and endoscopic mucosal resection (EMR) are the
established treatment standards for colorectal polyps. Current research aims at
the reduction of both complication and recurrence rates as well as on shortening
procedure times. Cold snare resection is the emerging standard for the treatment
of smaller (< 5mm) polyps and is possibly also suitable for the removal of non-
cancerous polyps up to 9 mm. The method avoids thermal damage, has reduced
procedure times and probably also a lower risk for delayed bleeding. On the
other end of the treatment spectrum, endoscopic submucosal dissection (ESD)
offers en bloc resection of larger flat or sessile lesions. The technique has obvious
advantages in the treatment of high-grade dysplasia and early cancer. Due to its
minimal recurrence rate, it may also be an alternative to fractionated EMR of
larger flat or sessile lesions. However, ESD is technically demanding and
burdened by longer procedure times and higher costs. It should therefore be
restricted to lesions suspicious for high-grade dysplasia or early invasive cancer.
The latest addition to endoscopic resection techniques is endoscopic full-
thickness resection with specifically developed devices for flexible endoscopy.
This method is very useful for the treatment of smaller difficult-to-resect lesions,
e.g., recurrence with scar formation after previous endoscopic resections.

Key words: Colorectal neoplasia; Colorectal cancer screening; Cold snare resection;
Endoscopic polypectomy; Endoscopic mucosal resection; Endoscopic submucosal
dissection; Endoscopic full-thickness resection; Adenoma recurrence rate
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Core tip: Endoscopic polypectomy and endoscopic mucosal resection are the standard
treatment options for colorectal neoplasia. Current research is evaluating cold snare
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resection for the treatment of smaller non-cancerous polyps, aiming to reduce procedure
times and complication rates. Endoscopic submucosal dissection has great potential for
the en bloc resection of larger flat or sessile lesions. However, it is technically
demanding and time consuming and should be reserved for histologically advanced
lesions. Endoscopic full-thickness resection is a welcome addition to the armamentarium
of endoscopic resection techniques and is very useful for the treatment of smaller
difficult-to-resect lesions.

Citation: Dumoulin FL, Hildenbrand R. Endoscopic resection techniques for colorectal
neoplasia: Current developments. World J Gastroenterol 2019; 25(3): 300-307
URL: https://www.wjgnet.com/1007-9327/full/v25/i3/300.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i3.300

INTRODUCTION
Colorectal cancer screening and endoscopic polyp resection can reduce mortality from
colorectal cancer[1] and are now recommended by many national guidelines[2]. Snare
polypectomy and endoscopic mucosal resection (EMR) are the established treatment
standards for polyp removal[3-6]. The advantages of these methods are relatively short
procedure times and an accepted complication rate, with delayed bleeding in 0.9%
and a risk of perforation between 0.4% and 1.3% depending on the size and location
of the resected lesion[5]. A recent modification is underwater EMR. A limited number
of studies suggest that larger lesions can be removed en bloc with low complication
rates and short  procedure times[7].  However,  despite being widely practiced,  the
standard EMR techniques are not perfect. Thus, there still is a considerable rate of
adverse events, particularly perforation and bleeding. Moreover, larger lesions cannot
reliably be removed, which results in incomplete resections. Finally, dense fibrosis
results in nonlifting, difficult-to-treat lesions. This minireview will focus on current
advances in endoscopic resection techniques attempting to overcome these problems,
particularly cold snare resection to reduce complication rates, endoscopic submucosal
dissection (ESD) to increase the en bloc resection rate for larger flat or sessile lesions,
and endoscopic full-thickness resection (EFTR) for difficult-to-resect  (nonlifting)
lesions.

REMOVING POLYPS MORE QUICKLY AND SAFELY: COLD
SNARE RESECTION
The disadvantages of conventional hot snare resection are caused by thermal injury.
Possible  complications  are  delayed  bleeding  and  thermal  injury  resulting  in
postpolypectomy syndrome and delayed perforation. Recently, cold snare resection
has been introduced as a possible alternative. The method involves snaring - mostly
with dedicated devices - without the use of additional electrocautery (Figure 1). It has
mainly been applied to small (up to 5 mm) polyps but has recently been extended to
larger lesions. This method offers possible advantages of reducing procedure time
and  postinterventional  complications  while  maintaining  the  same  efficacy  as
conventional hot snare resection.

Several  studies  have  been  published  on  this  subject.  A  recent  meta-analysis
included eight randomized controlled studies with 3195 interventions[8]. Compared to
conventional techniques, cold snare resection showed similar efficacy but significantly
shortened procedure times and a trend towards reduced rates of delayed bleeding.
On the other hand, possible disadvantages of cold snare resection techniques were
highlighted in a  histopathology study on 184 polyps[9].  In  this  study,  cold snare
resection was associated with increased rates of specimen damage, increased rates of
positive  margins  and  a  decreased  resection  depth.  Incomplete  resections  were
observed predominantly for serrated/hyperplastic lesions[9]. Therefore, cold snare
resection does not seem to be suitable for malignant lesions where one-piece EMR or
ESD are recommended[6]. In addition, cold snare resection has also been applied to
slightly larger lesions. Along these lines, piecemeal cold snare resection was reported
for 94 lesions > 10 mm with no adverse events and a short-term recurrence rate of
9.7%[10].  A  similar  series  of  41  lesions  with  a  median  size  of  15  mm  showed  no

WJG https://www.wjgnet.com January 21, 2019 Volume 25 Issue 3

Dumoulin FL et al. Endoscopic resection for colorectal neoplasia

301



Figure 1

Figure 1  Cold snare resection. A: Endoscopic appearance of a small polyp in the sigmoid colon. B: Positioning of a specifically dedicated snare for cold snare
resection. C: Appearance of the resection field with mild bleeding. D: Histopathology showing tubular adenoma (hematoxylin/eosine, magnification: 80-fold).

evidence of  complications or recurrence after a follow-up period of  6 mo[11].  The
current  European  guideline  recommends  cold  snare  resection  as  the  preferred
technique for removal of diminutive polyps (size ≤ 5 mm). In addition, the guideline
recommends this technique also for sessile polyps of 6-9 mm size, although formal
evidence  comparing  efficacy  with  conventional  hot  snare  polypectomy  is  still
lacking[6]. With regard to technical issues, the use of dedicated snares seems to be
beneficial[12].

In  summary,  cold  snare  resection  is  becoming  the  standard  of  treatment  for
diminutive (up to 5 mm) and also to small sessile non-cancerous polyps (up to 9 mm).
Larger studies will  need to define the exact role of cold snare resection in polyp
removal.

EXPANDING THE BORDER FOR THE RESECTION OF
LARGER LESIONS: ESD
The major advantages of EMR are the relatively short procedure times (ca. 35 min for
larger lesions[13]) and an acceptable complication rate, with delayed bleeding in 0.9%[5]

and a perforation rate between 0.4% and 1.3%[5,14]. It should be emphasized that the
complication rates depend on the size and location of the resected lesion. Thus, a
delayed bleeding rate of 6.7% was reported in a recent multicenter study including >
2000 EMRs[15]. Risk factors for bleeding included the size lesion, polyp location in the
right colon and patient comorbidity[15].  The frequency of perforation after EMR is
between 0.4% and 1.3% and depends on the size and location of the resected lesion[5,14].

The disadvantage of EMR is its size limitation of approximately 20 mm. Larger
lesions  cannot  be  resected  en  bloc  and  instead  must  be  removed  in  fragments
(piecemeal EMR technique). This fragmentation implies that a complete resection
cannot  be  confirmed  by  histopathology  and  piecemeal  EMR  is  associated  with
recurrence rates of approximately 15%-20% in retrospective series[16,17] and more than
30% in a recent prospective study on endoscopic piecemeal resection of 252 adenomas
> 20 mm in size[18]. Many risk factors for recurrences have been identified, including
lesion  size,  number  of  resected  fragments,  and  more  advanced  histology
(tubulovillous  adenoma or  high-grade  intraepithelial  neoplasia)[17,19].  Moreover,
multiple recurrences are not a rare event (ca. 20%-40%), although most of them are
amenable  to  further  endoscopic  treatment[14].  Notably,  incomplete  endoscopic
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resection of adenomas is thought to be responsible for 20%-25% of interval cancers[20].
The recurrence rate implies the necessity of endoscopic controls and compliance with
follow-up endoscopy[16,17].

Whereas EMR of larger flat or sessile lesions will result in fragmented resection,
ESD  -  developed  in  Japan  for  the  treatment  of  early  gastric  cancer  -  offers  the
possibility of en bloc resection for larger lesions. The method consists of incision of the
mucosa followed by submucosal dissection underneath the lesion to yield an en bloc
specimen with no size restriction (Figure 2). ESD is much more technically demanding
than EMR and requires longer procedure times, with a median procedure time of ca.
70 min in a recent meta-analysis[21,22].  The procedure time and level of complexity
depend primarily on endoscopic access to the lesion and access to the submucosal
compartment[23]. The method is not considered standard in Europe[6], but it has been
included in the Japanese guidelines as the standard technique for larger neoplastic
lesions for which en bloc resection is desirable[4]. Most clinical data on colorectal ESD
are from Asia.  Larger (> 500 patients)  retrospective or prospective observational
studies  report  en  bloc  and  R0  resection  rates  of  84%  to  94.5%,  with  very  few
recurrences[4,24].  In contrast,  experience with colorectal ESD is very limited in the
Western world. This is mainly due to the lack of training opportunities, the high level
of skills necessary to perform colorectal ESD and the fact that this method has longer
procedure times and probably also higher complication rates than piecemeal EMR.
However,  it  is  possible  to  achieve  competence  in  colorectal  ESD  without  prior
expertise in gastric ESD, particularly if training is performed under the supervision of
(Eastern) ESD experts[25-27]. Consequently, data from Western endoscopists are rare,
with smaller case series and only two publications on larger (n > 150) series, mainly
including lesions localized in the rectum[28,29]. Both en bloc and R0 resection rates are
lower  in  those  publications  than  in  studies  from  Asian  populations,  which  is
particularly true for larger lesions in the proximal colon[28]. Adverse events are more
common for ESD than for EMR, with published perforation rates of approximately
4.8% (2%-14%) for the former[4,30,31]. However, most perforations are minor and can be
closed with standard clips during or at the end of the procedure, and the rate of
emergency surgery is relatively low (ca. 0.5%). Delayed bleeding is observed after
1.5%-2.8% of  interventions.  Strictures  are  observed only  occasionally,  e.g.,  after
circumferential resections in the rectum[30].

A recent meta-analysis highlighted the differences between EMR and ESD[22], with
the  latter  having  higher  en  bloc  resection  rates  that  come  at  the  cost  of  higher
complication rates (although most complications can be treated conservatively) and
longer procedure times. Finally, while the concept of en bloc resection of neoplasia is
appealing, ESD also has higher costs than EMR. A recent cost-effectiveness analysis of
wide-field EMR vs ESD concluded that selective ESD for high-risk lesions is the most
cost-effective application of colorectal ESD[32]. Compared with laparoscopic surgery,
ESD has  major  advantages,  although  a  formal  head-to-head  comparison  is  still
lacking[33-36].

TREATMENT OPTION FOR DIFFICULT-TO-RESECT
NEOPLASIA: EFTR
Conventional endoscopic resection may not be technically feasible in cases of severe
fibrosis, e.g., due to scar formation in adenoma recurrences after previous resection or
in cases of adenomas in specific anatomical locations, e.g., close to a diverticulum or at
the appendiceal orifice. In these situations, EFTR may be a useful alternative. This
method involves a full-thickness plication of the bowel wall, which is secured by an
over-the-scope clip followed by resection of the bowel wall above the clip. The full
thickness resection device (FTRD®) System (Ovesco, Tübingen, Germany) is a single-
step full-thickness resection device combining a modified over-the-scope clip with an
integrated snare[37]. After the lesion is marked, the colonoscope is retracted, and the
FTRD is  mounted and advanced to the target.  The lesion is  then pulled into the
resection cap, and after deployment of the clip, the snare is closed and the tissue is cut
(Figure 3).  Alternatively,  a  flat  over-the-scope clip (Padlock clip,  US Endoscopy,
Mentor, Ohio, United States) is used to create a plication, and the tissue above is then
resected with a snare.

EFTR is particularly useful for the resection of smaller (up to 15-20 mm) nonlifting
lesions. To date, there are only limited data on the efficacy of the method, usually
performed with the FTRD device[38-41]. Procedure time depends mainly on the location
of  the  lesion  (sometimes  passage  to  proximal  locations  can  be  difficult  or  even
impossible). It is more time consuming than EMR, and the size of the lesions is limited
by the  size  of  the  cap.  In  the  largest  prospective  study published so  far,  the  R0
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Figure 2

Figure 2  Endoscopic submucosal dissection. A: Endoscopic aspect of a large sessile lesion (Paris 0-Is/0-IIa; lateral spreading tumor, granular type) in the cecum.
B: Start of endoscopic submucosal dissection at the proximal site. C: Mucosal incision at the distal margin. D: Completed resection with resection bed in the cecum. E:
Resected specimen on corkboard. F: Histopathology: tubulovillous adenoma with focal high-grade intraepithelial neoplasia (hematoxylin/eosine, magnification: 80-
fold).

resection rate  was 77.7% for  127 patients  with nonlifting adenomas.  The overall
complication  rate  was  9.9%  and  included  perforation,  fistula,  bleeding  and
appendicitis; the rate of emergency surgery was 2.2%[42].

CONCLUSION
Polypectomy and EMR remain the standard treatment options for the removal of
most colorectal neoplasia. They are relatively easy and quick to perform in terms of
technique  and  have  an  acceptable  complication  rate.  New  developments  are
underway with cold snare resection as a method that might be associated with even
shorter  procedure times and lower complication rates.  In  addition,  ESD has  the
potential for the en bloc resection of larger lesions; it should probably be reserved for
larger lesions suspicious of high grade dysplasia or early invasive cancer. Finally,
smaller difficult-to-resect lesions can now be treated effectively by EFTR.
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Figure 3

Figure 3  Endoscopic full-thickness resection with the full thickness resection device. A: Endoscopic aspect of a recurrence after piecemeal endoscopic
mucosal resection in the ascending colon. B: The lesion is marked and retracted into the resection cap using a grasping forceps. C: Resection bed with over the scope
clip in situ. Note the periluminal fat within the clip. D: Resected specimen on corkboard. E: Histopathology: full-thickness resection specimen with tubulovillous
adenoma/low-grade intraepithelial neoplasia (hematoxylin/eosine, magnification 80-fold).
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