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Key Concepts

•	 Colonoscopic polypectomy is the treatment of choice for 
diagnosing and removing most colon polyps.

•	 Operator variability influences the quality of colonoscopy 
for both detection and resection.

•	 Multiple questions remain about best practice techniques 
for colonoscopic polypectomy.

•	 EMR of colorectal lesions is safe and effective but results 
in piecemeal resection that may prevent accurate histo-
logical diagnosis. Colonoscopy surveillance is required to 
assess for and manage local recurrence of neoplasia.

•	 ESD is able to resect superficial lesions en bloc regardless 
of tumor size, location, and fibrosis. These advantages 
come at a cost of an increased risk of perforation, bleeding, 
and a longer procedure time as compared with EMR.

•	 Combined endo-laparoscopic surgery is an adjunct to endo-
scopic polypectomy that may help to avoid colectomy.

�Introduction

It is estimated that 93,090 new cases of colon cancer will be 
diagnosed in the year 2015 with almost 50,000 estimated 
deaths due to colon cancer [1]. Although colon cancer is still 
the third most common cause of cancer related mortality in 
the USA, there has been a steady decline in the colorectal 
cancer incidence since the mid-1980s which is partially 
attributed to the introduction of colorectal cancer screening 
[2]. There has even been a more rapid decline in recent years 
(4% or greater per year from 2008 to 2011) which may be 
multifactorial but likely reflects the increased use of screening 
colonoscopy. Among adults aged 50–75 years, colonoscopy 
use increased from 19.1% in 2000 to 54.5% in 2013 [3]. 

Recently published data of the long-term follow-up from 
patients enrolled in the National Polyp Study provides evi-
dence that colonoscopic removal of adenomatous polyps 
reduces colon cancer incidence and related mortality [4].

Colonoscopic polypectomy is the treatment of choice for 
diagnosing and removing most colon polyps. In the past 
decade, polypectomy technique, instrumentation, and evolu-
tion of endoscopy skills have improved polyp detection rates 
and the ability to remove polyps. Even so, large polyps or 
polyps in an anatomically difficult location can be challeng-
ing to remove endoscopically. Traditionally the most common 
recommendation for these patients has been to undergo a 
colon resection. Although the laparoscopic approach  
has reduced the morbidity of an abdominal operation, it still 
poses potential morbidities related to bowel resection.  
A combined approach using both laparoscopy and colonos-
copy has more recently been described as an alternative to 
bowel resection in select patients with polyps that cannot be 
removed endoscopically. This chapter addresses endoscopic 
polypectomy—basic and advanced techniques and com-
bined endoscopic endo-laparoscopic techniques.

�Identification of Polyps

Although there is little dispute about the impact of colonos-
copy, there remains marked variability in the quality of colo-
noscopy. Indicators of quality colonoscopy include cecal 
intubation, withdrawal time, and polyp detection rate [5]. 
The need for cecal intubation is based on the persistent find-
ing that a substantial fraction of colorectal neoplasms are 
located in the proximal colon including the cecum. Low 
cecal intubation rates have been associated with higher rates 
of interval proximal colon cancers [6]. Colonoscopy studies 
in screening patients in the USA have reported cecal intubation 
rates of 97% or higher [7, 8]. As the detection of neoplastic 
lesions is the primary goal of most colonoscopic examina-
tions, careful inspection of the mucosa is essential. In 2002, 
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the US Multi-Society Task Force on Colorectal Cancer 
recommended a withdrawal time (defined as the time from 
cecal intubation to the time the colonoscope is withdrawn 
out of the anus) of at least 6 min as an indicator of quality 
colonoscopy [9]. In 2006, Barclay et al. found a correlation 
between longer withdrawal time and an increased rate in the 
detection of adenomas [10]. There have been variations in 
the adenoma detection rates (ADR) and for this reason, tar-
gets for ADR have been recommended. The American 
Society for Gastrointestinal Endoscopy (ASGE) and the 
American College of Gastroenterology (ACG) recommends 
a minimum target for overall ADR of at least 25% based on 
the observation that higher ADRs were associated with a 
reduced risk of both proximal and distal cancer [11, 12].

�Criteria for Polypectomy

Polyps occur in all parts of the colon. It is the current practice, 
that when polyps are detected that they should be removed as 
any adenomatous tissue visualized should be assumed to 
carry some malignant potential [13, 14]. It is widely accepted 
that more than 95% of colorectal cancers arise from adeno-
matous polyps [15, 16]. This adenoma-carcinoma sequence 
is well described and is often an indolent process that takes 
many years. Polyps are characterized by their size and mor-
phology (pedunculated or sessile), which are two important 
features that may predict underlying malignancy and should 
guide how polyps are managed. As defined by the US 
National Polyp Study, an advanced adenoma is one that 
is ≥ 1 cm in size or contains high grade dysplasia or appre-
ciable villous tissue. When screening colonoscopy is per-
formed in average-risk, asymptomatic individuals over the 
age of 50, the prevalence of advanced adenomas ranges from 
6 to 9% [7]. It is accepted that removal of large adenomas is 
advisable to prevent progression to colorectal cancer. The 
malignant potential of adenomas < 0.5 cm is not as well stud-
ied. In order to determine the clinical significance of polyps 
<0.5 cm, a retrospective study from Vienna, 7590 adenoma-
tous polyps from 4216 patients between 1978 and 1996  
were analyzed. Size was the strongest predictor of advanced 
pathologic features. Advanced pathologic features were 
defined as high grade dysplasia or invasive cancer. The per-
centages of adenomas with advanced pathologic features 
were 3.4%, 13.5% and 38.5% for adenomas <0.5 cm, 0.5–
1.0  cm and >1  cm respectively. Villous change, left sided 
location and age ≥60 were also associated with advanced 
pathologic features. No invasive cancer was found in any 
polyp ≤ 0.5 cm, but since 3.4% of these contained high-grade 
dysplasia, the authors recommended removal whenever pos-
sible [17]. Another study found that a small (≤0.5 cm) right 
sided polyp in a young patient (≤60 years of age) has only a 
3.8% risk for containing advanced pathologic features 
whereas polyps in patients over age 60, in the presence of 
anemia, polyp size > 1 cm, or left sided location as single or 

combined parameters had a maximum predictive value of 
75.4% for advanced adenomas [18].

There are several reasons why a polyp should not be 
removed during colonoscopy. If there are characteristics 
suspicious for malignancy and if its endoscopic appearance 
suggests penetration deeper than the submucosa, a polypec-
tomy should not be performed. The characteristics of a polyp 
that may be indicative of malignancy are firmness or hardness, 
mucosal irregularity, vascular pattern on narrow band imag-
ing, ulceration or central umbilication, large size, and if the 
polyp does not lift with submucosal injection [19, 20]. In these 
cases, one would consider biopsy of the polyp instead of 
removal. Large polyp size may be another reason to defer pol-
ypectomy. Large polyps in the cecum have a higher risk of 
perforation during resection, and therefore, one may consider 
doing a combined endo-laparoscopic approach. Finally, a pol-
ypectomy should not be performed if the risks outweigh the 
benefits. Examples of this would be any polyp in an asymp-
tomatic patient whose life expectancy is less than 2 years 
(patients with terminal cancer), polyps discovered during 
unfavorable circumstances (patients undergoing workup for 
bleeding), patients with comorbidities or on medications that 
would make polypectomy too risky (anticoagulation) [19].

�Polypectomy Techniques

Polypectomy is fundamental to the practice of colonoscopy. 
The principles of polypectomy are to remove all visibleade-
nomatous tissue. There are many different techniques that 
are used in creating a wide variability in practice. Reasons 
for variability likely reflect the lack of standardized polypec-
tomy protocols, difference in training and experience, mis-
sizing of polyps, and concern regarding adverse events and 
time constraints [21].

Polypectomy is best performed with the polyp in the 5–7 
o’clock position. Cold forceps biopsy is the simplest method 
of polypectomy. This is frequently used for diminutive 
lesions (polyps < 5 mm). In a survey of 187 gastroenterolo-
gists, forceps removal was the resection technique of choice 
for lesions 1–3 mm in size [22]. The technique for polypec-
tomy using cold biopsy forceps is simple. The biopsy for-
ceps is passed through the biopsy channel of the colonoscope 
and the jaws are positioned over the polyp. The polyp tissue 
is grasped and removed. The forceps is removed for tissue 
retrieval [23]. This technique requires minimal manipula-
tion, uses no electrocautery, and has an insignificant risk of 
perforation [24]. Frequently however, more than one bite is 
needed to remove all polypoid tissue. In addition, after the 
initial bite, minor bleeding can obscure the field, increasing 
the risk of leaving residual polyp behind. Biopsy and histologic 
evaluation of polypectomy sites after what was considered a 
complete cold forceps polypectomy can show residual polyp-
oid tissue in 29–38% of specimens [25–27]. In addition, if 
two bites are taken in one pass, the tissue obtained with the 
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first bite can become dislodged and get lost. Therefore, a 
single-bite polypectomy may be more efficient and decrease 
the risk of incomplete polypectomy. In comparing jumbo 
forceps (jaw volume 12.44  mm) to standard forceps (jaw 
volume 7.22 mm) in a randomized controlled trial, a trend 
toward a higher complete histologic eradiation was noted 
with the jumbo forceps but this did not reach statistical sig-
nificance [28].

Another method of removing small polyps is with the 
application of electrocautery to the forceps during tissue 
removal. The application of thermal energy fulgurates the 
base of the polyp while the specimen is protected in the jaws 
of the forceps [29]. There are several drawbacks to this tech-
nique, which have caused it to fall out of favor. There may be 
architectural distortion from thermal energy resulting in 
impaired histologic evaluation of the specimen [30]. This 
technique has also been associated with an increased risk of 
delayed bleeding and perforation in the right colon [31, 32]. 
It has also been suggested that the use of hot biopsy forceps 
is unreliable in completely removing all adenomatous tissue 
with 17% of polypectomy sites revealing persistent viable 
polyp remnants [33]. National societies recommend avoid-
ance of hot biopsy forceps for polyps >5 mm and those in the 
right colon [34, 35].

Snare polypectomy is the preferred method for polypec-
tomy among clinical gastroenterologists [22]. Once the 
instrument is passed through the working channel of the 
scope, the snare is extended from a plastic sheath and then 
passed around the base of the polyp. Once it is in proper 
position, the snare is closed transecting the base of the polyp. 
Advancing the catheter tip or sheath to the base of the polyp 
will avoid the snare from slipping back over the head of the 
polyp [23]. Snare polypectomy can be done with a cold tech-
nique or combined with electrocautery. It has been suggested 
that cold snaring is the preferred technique for all small 
(<10 mm) and most diminutive polyps but this has not been 
well studied [36, 37]. The technique of cold snaring allows 
for a resection of a 1–2 mm margin of normal tissue around 
the polyp. Bleeding is typically minor and not significant 
[38]. Several randomized controlled trials have shown that 
the risk of bleeding is similar between cold and hot snare 
polypectomy in lesions up to 8 mm and use of the cold snare 
may actually shorten procedure times [38–40]. The applica-
tion of electrocautery with snare polypectomy is more com-
mon for larger polyps (>7–8 mm) and pedunculated polyps 
[21, 22, 41]. As previously stated, the polyp should optimally 
be in the 5–7 o’clock position and if it is a pedunculated 
polyp, one may consider repositioning the patient so the base 
of the polyp is not in a dependent position to make post-
polypectomy bleeding easier to control. When using electro-
cautery, the polyp should be tented toward the center of the 
lumen to stretch the submucosa away from the muscularis 
propria and serosa. The duration of energy delivery should 
be minimized to prevent injury to the wall of the colon. For 
pedunculated polyps, the snare should be closed at a third or 

halfway from the base of the polyp to ensure a sufficient 
stump to regrasp if there is immediate bleeding. Energy 
should be applied early and the snare should be closed  
slowly [23]. There are many different snare devices available 
and there are no trials to establish the advantage of one 
device over another. In a study looking at 147,174 subcenti-
meter polyps from the English Bowel Cancer Screening 
Program, pedunculated polyps were most commonly removed 
using hot snare (84.7%) although this technique was used 
somewhat less frequently in the right side of the colon than 
in the left side for all polyps sizes (69.6% vs. 88.3%, 
p < 0.001). For non-pedunculated polyps, hot snare was also 
the most commonly used technique overall (29.2%) [21].

�Endoscopic Mucosal Resection

Large polyps, those involving more than one third of the cir-
cumference of the colon or two haustral folds, or those with 
a flat or depressed morphology are more challenging to 
remove with the standard polypectomy technique. [42] 
Endoscopic mucosal resection (EMR) can assist in removal 
of these lesions that may otherwise require surgical interven-
tion. EMR allows removal of superficial tumors of the 
gastrointestinal tract. This technique was originally described 
and popularized in Japan for the treatment of gastric and 
esophageal tumors. It was further described for removal of 
colorectal polyps that were not amenable to traditional 
endoscopic polypectomy techniques. Because the plane of 
resection of EMR is typically the middle to deep submucosal 
layer, compared with standard polypectomy, which normally 
provides resection at the mucosal layer, EMR offers the 
potential advantage of providing en bloc resection specimens 
for histopathologic analysis. Unfortunately however, EMR 
tends to result in piecemeal excision of polyps which can 
cause difficulty with histologic diagnosis, staging and evalu-
ation of margins. In addition, in contrast to the stomach, the 
colon wall is much thinner which can lead to higher rates of 
complications, i.e., perforation. Indications for EMR include 
adenomas or small well differentiated carcinomas that are 
confined to the mucosa or with superficial invasion of the sub-
mucosa, polyps less than 1/3 the circumference of the lumen 
and flat or depressed polyps [42].

EMR is a modification of conventional snare polypec-
tomy. A solution is injected into the submucosa beneath the 
lesion. This serves to elevate the mucosal layer that contains 
the lesion on a submucosal fluid cushion providing a safety 
zone for snare resection. Many different solutions have been 
used for injection including normal saline, hypertonic saline, 
50% dextrose, glycerol solutions, hyaluronic acid, and 
diluted epinephrine solution. The ideal agent prolongs the 
“pillow effect” which decreases the risk of bleeding and per-
foration [42]. Once the lesion is raised, snare polypectomy  
is performed. For large lesions, piecemeal polypectomy is 
invariably required. The cap-assisted technique (EMRC) is 
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another method used which involves a cap with a lip on the 
distal end. A snare is positioned around the lip of the cap and 
then the target mucosa is suctioned into the cap. Once the 
tissue is aspirated, the snare is then closed around the tissue 
(Figures  5-1 and 5-2). The benefits of this technique are 
reported better visualization and the possibility of resecting 
lesions in variable positions. The pressure of the cap on the 
wall of the colon allows flattening of the folds maximizing 
the view of interhaustral lesions. This technique is frequently 
performed in the stomach in Japan. EMRC is not as popular 
for colorectal polyps for fear of entrapping the muscularis 
propria into the snare, therefore increasing the risk of perfo-
ration [43].

EMR is limited by the difficulty in determining which 
lesions are likely to be confined to the mucosa. In a prospective, 
multicenter cohort, risk factors for submucosal invasion and 

failure of successful EMR were identified. In their experience, 
risk factors for submucosal invasion were Paris classification 
0-IIa + c morphology, non-granular surface morphology, or 
Kudo pit pattern type V (Tables 5-1 and 5-2). The presence of 
multiple risks factors magnified the risk of submucosal inva-
sion [44]. In this study, EMR was attempted on 464 patients 
and successful in 89% of patients. Risk factors for failure 
included a prior attempt at EMR (OR = 3.8; 95% CI: 1.77–
7.94), difficult position (OR = 2.17; 95%CI: 1.14–4.12) and 
ileocecal valve involvement (OR = 3.38; 95%CI: 1.20–9.52).

EMR is effective and practical with good outcomes 
(Table 5-3). When performed by experts, anywhere from 3 to 
7% of patients are referred for surgical resection because  
of inability to remove the polyp endoscopically [45, 46]. 
Approximately 44% of lesions are removed en bloc and the 
remaining are removed piecemeal [45]. Complication rates 

Figure 5-1.  Illustration of piecemeal endoscopic mucosal resection. 1–6: mucosal lift by submucosal injection of indigo carmine.
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are low. Intraprocedural bleeding occurs in about 8% of 
patients, post-procedural bleeding in 0–1%, and perforation 
1–2% [45, 46]. Local recurrence after EMR is variable and 
reported in up to 27% of cases [47]. In a multicenter, pro-
spective study of 1000 consecutive patients treated with 

EMR where the lesion was thought to have been completely 
treated, early recurrent/residual adenoma (4 months follow-
ing EMR) was present in 16% and late recurrent/residual 
adenoma (16 months following EMR) was uncommon (4%). 
On multivariate analysis, risk factors for recurrence were 

Figure 5-2.  Illustration of piecemeal endoscopic mucosal resection. 7–10: Piecemeal hot snare polypectomy. 11: intact muscularis. 12: 
Removed specimen.

Table 5-1.  Paris classification

Pedunculated Ip

Subpedunculated Isp
Sessile, higher than height of closed forceps (2.5 mm) Is
Slightly elevated, below height of closed forceps (2.5 mm) IIa
Completely flat lesion, does not protrude above mucosal surface IIb
Slightly depressed, lower than mucosa but depth < 1.2 mm IIc
Excavated/ulcerated, deep ulcer below mucosa below 1.2 mm III

Table 5-2.  Kudo pit pattern

Pit pattern type Characteristics

I Round pits
II Stellar or papillary pits
III S Small tubular or round pits (smaller than type I pits)
III L Large tubular or round pits (larger than type I pits)
IV Branch-like or gyrus-like pits
V Irregular or non-structured pits (absence of pit pattern)

5.  Endoscopic Management of Polyps, Polypectomy, and Combined Endoscopic and Laparoscopic Surgery
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lesion size >4  cm, use of argon plasma coagulation  
to ablate adenomatous tissue and intraprocedural bleeding. 
The recurrent adenoma was usually unifocal and diminutive, 
and was managed endoscopically in 93% of cases [45]. 
Further reported risk factors for recurrence include granular 
appearance of the lesion and distal rectal lesions. Incomplete 
resection and resections with deep positive margins should 
be considered for surgery [48].

�Endoscopic Submucosal Dissection

The technique of endoscopic submucosal dissection (ESD) 
developed for en bloc resection for large and ulcerative lesions 
in the stomach has been widely accepted in Japan for the treat-
ment of early gastric cancer [49]. Compared with EMR, ESD 
has the advantage of definitively permitting an en bloc and 
therefore histologically complete resection. With this tech-
nique, one is able to resect superficial lesions regardless of 
tumor size, location, and fibrosis [50–52]. These advantages 
come at the cost of an increased risk of perforation, bleeding, 
and a longer procedure time as compared with EMR. [53]

As the major difference between surgical resection and 
endoscopic resection is the absence of lymph node dissec-
tion, endoscopic resection should only be considered in 
lesions that have an insignificant risk of lymph node metasta-
sis. The risk of lymphatic disease is largely based on a tumor’s 
depth of invasion, and hence, a large part of the evaluation is 
determining this. Therefore, the use of ESD for colorectal 
lesions has been limited to patients who have undergone 
accurate preoperative diagnosis. This technique is indicated 
when an en bloc resection cannot be done with EMR. It is 
also indicated for polyps with intramucosal to shallow sub-
mucosal invasion as well as lesions with submucosal fibrosis 
that cannot be lifted with submucosal injection during con-
ventional EMR. It may also be indicated in sporadic localized 
tumors in conditions of chronic inflammation such as ulcer-
ative colitis or local residual or recurrent early carcinomas 
after endoscopic resection [54]. Experience with ESD out-
side of Japan is still limited. In a consensus statement by a 
panel of experts, the goals of ESD remain: treating mucosal 
cancer, achieving an R0 resection, meeting quality standards, 
ensuring the procedure is performed by endoscopists  
trained in this technique and under institutional review board 
approval [55].

The technique of ESD is similar to EMR in that it involves 
a single channel scope and submucosal injection. The border 
of the lesion may first be marked out by injecting indigo car-
mine or using indigo carmine dye spray. A variety of solu-
tions have been used for submucosal injection but the most 
common are normal saline, glycerol or hyaluronic acid. 
Normal saline is safe and widely available but the lift that it 

creates is of short duration, which may come at a disadvan-
tage. For safety in the thin walls of the colon, longer lasting 
solutions such as glycerol or hyaluronic acid are needed [56]. 
The optimal injection solution should achieve and maintain 
the necessary submucosal lifting height and duration, not 
influence the histological evaluation, not have tissue toxicity 
and be easily prepared and administrated [57]. Once the 
lesion is lifted, specialized endoscopic knives help to dissect 
out the lesion (Figure  5-3). There are a variety of knives 
available but the two traditional types of needle knives and 
insulted tip knives. Both types of knives are used in com-
bination with electrocautery to dissect and separate the 
mucosal and submucosal layers. Bleeding is common during 
ESD, and therefore, management of bleeding is important 
for the procedure to be successful. Hemostasis is maintained 
using either monopolar or bipolar coagulation forceps, which  
can increase the risk of perforation or hemoclips, which can 
obstruct the plane of dissection [56].

Similar to new techniques elsewhere, ESD has a high 
learning curve. Compared with gastric lesions, ESD in the 
colon and rectum is more difficult due to anatomic features 
(thin wall, peristalsis, folds) and the position of the endo-
scopic is less stable especially outside of the rectum. Probst 
and colleagues divided their experience with ESD into three 
periods and demonstrated a clear learning curve over time 
with resection rates increasing and procedure times decreas-
ing as expected. They suggest a learning curve of 25–50 
cases [58]. Others have suggested 40 procedures are neces-
sary to acquire skill in avoiding perforation and 80 cases to 
be proficient in resecting large colorectal lesions [59]. 
Successful en bloc resection may be as low as 60% in initial 
cases but increases up to 88–97% with experience [58–60]. 
Similarly, R0 resection rate improves with experience and 
is reported as high as 96% [58]. Procedural complications 
are higher than with EMR and consist of bleeding in 1.5–
7.9% and perforation in up to 10.7% of cases (Table 5-4) 
[58, 60, 61]. Frequently, complications are successfully 
treated with endoscopic clipping. Follow up and surveil-
lance after ESD should be case dependent. The aim of 
surveillance is to detect residual disease or recurrent dis-
ease early. The follow up plan should be based on whether 
resection was en bloc or piecemeal, the pathology of  
the lesion, risk factors for multiple lesions and underlying 
disease [54].

�Combined Endo-Laparoscopic  
Surgery (CELS)

As previously discussed, large polyps or polyps within or 
behind a haustral fold can be very challenging to remove 
endoscopically. Although EMR and ESD are performed for 
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Figure 5-3.  Steps of endoscopic submucosal dissection. (a) submucosal injection. (b) marking of the resection margin. (c) submucosal 
dissection using a needle knife. (d) extraction of specimen. (e) intact muscularis.

these polyps, these techniques are not widely available and 
require a high level of technical skill. Traditionally, the most 
common recommendation for these patients has been seg-
mental colectomy—an oncologic resection. Although the 
laparoscopic approach can minimize the morbidity associ-
ated with colectomy, only a minority of the colon resections 
performed in the USA are being done laparoscopically [62]. 
Furthermore, even if a minimally invasive approach is used, 
it still entails a major abdominal operation with associated 
morbidities. Combined endo-laparoscopic surgery (CELS) 
has been described as an alternative to bowel resection in 
select patients.

Laparoscopic assisted polypectomy was first described in 
1993 as a means to avoid bowel resection [63]. Larger retro-
spective studies have since been published indicating that 

the technique is safe and effective [64–69]. There are several 
ways in which laparoscopic assistance during colonoscopic 
polypectomy can be helpful: (1) the underlying colon can be 
invaginated to assist in snaring of a flat polyp, (2) laparoscopic 
mobilization of flexures and angulated colon can provide 
better access and exposure, and (3) full-thickness injury to 
the colon can be detected and repaired laparoscopically. 
Simultaneous performance of laparoscopy and colonoscopy 
can often present technical challenges. Insufflation using 
room air during colonoscopy can significantly obscure the 
laparoscopic view and compromise exposure. A technique of 
laparoscopically clamping the terminal ileum to minimize 
bowel distention has been described, but colonic disten-
sion is still a major impediment with this method [63, 64]. 
The use of carbon dioxide (CO2) for insufflation during 
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colonoscopy has been shown to be safe and can remedy this 
issue. CO2 gas is absorbed approximately 150-times faster 
than room air so there is minimal unwanted distention of the 
colon providing excellent simultaneous endoscopic and lap-
aroscopic visualization [70].

Consideration for CELS starts by reviewing the initial 
procedure report and photographs looking for any concern-
ing signs of malignancy, such as ulceration and hypervascu-
larity. Presence of high-grade dysplasia is concerning for 
malignancy but is not necessarily a contraindication to 
performing CELS. In our practice, prior to obtaining laparo-
scopic access to the abdomen, colonoscopy is performed 
and at that point, decision is made whether the polyp is 
resectable using colonoscopy alone or if laparoscopic assis-
tance is needed (Video 5.1). If laparoscopic assistance is 
needed, then abdominal access is performed. The exact 
location of the polyp is determined by visualizing the tattoo 
mark and manipulating the polyp laparoscopically while 
visualizing the polyp endoscopically. For laterally and retro-
peritoneally located polyps, the colon needs to be mobilized. 
Polyps located on the mesenteric side may be difficulty to 
visualize and laparoscopically repair in case of perforation. 
Once the polyp is identified intraluminally, using laparo-
scopic manipulation, the base of the polyp is exposed. The 
lesion can then be elevated further with submucosal injec-
tion. Malignancy is suspected with specific morphology 
(ulceration, central umbilication, or a vascular pattern on 
narrow-band imaging) or if the polyp does not lift up with 
injection. If there is no suspicion of malignancy, polypec-
tomy is performed using snare and electrocautery. The wall 
of the colon can be invaginated laparoscopically to aid in 
optimal snaring of the polyp. While polypectomy is per-
formed, the serosal aspect of the colon can be monitored for 
thermal related changes. If a full-thickness burn of perfora-
tion is even suspected, repair can be done intracorporeally. 
An air leak test can also be performed using insufflation 
with the colonoscope. If the polyp feels firm on palpation or 
seems in any way suspicious for malignancy after excision, 
an intraoperative frozen section can be performed. In select 
patients with cecal or right colon polyps, if the polyp is 
located on the anti-mesenteric side of the colon, a colono-
scopic assisted laparoscopic wall excision can be performed 
using a laparoscopic stapler. When the stapler is placed 
across the bowel wall, colonoscopy can be used to moni-
tor the margins of excision and the ileocecal valve when in 
the cecum.

Several published studies have similarly addressed this 
combined technique, considering it a safe and effective 
method to avoid colectomy and remove difficult polyps in 
many cases (Table 5-5). A large study describing a 10-year 
experience with the technique of combined laparoscopic 
endoscopic resection reported results on 146 patients with 156 
lesions. The authors performed four separate techniques com-
bining endoscopy and laparoscopy but only eight patients 
(5.4%) had laparoscopic-assisted endoscopic resection. Most 

of the patients (76.7%) underwent either an endoscopic-
assisted transluminal resection, which was done through a 
colotomy. In addition, the mean length of stay was 8 days, 
which is long compared with other studies. This may have 
been due to the nature of the resections. There was also a 25% 
complication rate, which may have contributed to the pro-
longed length of stay. Although there was only a 0.9% local 
recurrence rate, with a follow up of 2.9 years [65]. One of the 
largest studies to date was reported by Franklin and Portillo 
describing the technique of laparoscopic-monitored colono-
scopic polypectomy in 176 patients with excision of 251 
polyps. The procedure was performed successfully in all but 
four patients (97.8%). This study was an update of two previous 
publications from their group in 2000 and 2007. In their prac-
tice, all specimens were sent for frozen section and ultimately, 
18 (10.2%) patients required colectomy for cancer [71].

Overall, technical success rates for CELS are consistently 
reported between 74 and 97%. Postoperative complications 
are typically minor and less than 5%. Recurrence rates are 
low, reported in 10–15% and can typically be approached 
endoscopically or with CELS [65, 69, 70].

�Conclusion

Polypectomy is fundamental to the practice of colonoscopy.  
A range of techniques is available and the choice of technique 
should be tailored to the size, site, and morphology of the 
polyp. There is a wide variation in practice. Advanced endo-
scopic techniques such as EMR, ESD, and combined endo-
laparoscopic techniques provide options for patients with 
benign polyps not amenable to traditional endoscopic removal 
that would have otherwise undergone colon resection. 
Although polyp removal using these advanced techniques 
may be an effective alternative in select patients, they require 
both experience and expertise to become an available option 
in a surgeon’s armamentarium [66, 70, 71].

References

	 1.	Siegel RL, Miller KD, Jemal A.  Cancer statistics, 2015. CA 
Cancer J Clin. 2015;65(1):5–29.

	 2.	Edwards BK, Ward E, Kohler BA, et al. Annual report to the 
nation on the status of cancer, 1975–2006, featuring colorec-
tal cancer trends and impact of interventions (risk factors, 
screening, and treatment) to reduce future rates. Cancer. 
2010;116(3):544–73.

	 3.	Centers for Disease Control and Prevention. National Center for 
Health Statistics. National heath interview surveys 2000, 2013. 
public use data files. Updated 2014.

	 4.	Zauber AG, Winawer SJ, O’Brien MJ, et al. Colonoscopic pol-
ypectomy and long-term prevention of colorectal-cancer deaths. 
N Engl J Med. 2012;366(8):687–96.

	 5.	Baker SL, Miller RA, Creighton A, Aguilar PS. Effect of 6-min-
ute colonoscopy withdrawal time policy on polyp detection  
rate in a community hospital. Gastroenterol Nurs. 2015;38(2): 
96–9.

5.  Endoscopic Management of Polyps, Polypectomy, and Combined Endoscopic and Laparoscopic Surgery



90

	 6.	Baxter NN, Sutradhar R, Forbes SS, Paszat LF, Saskin R, 
Rabeneck L. Analysis of administrative data finds endoscopist 
quality measures associated with postcolonoscopy colorectal 
cancer. Gastroenterology. 2011;140(1):65–72.

	 7.	Lieberman DA, Weiss DG, Bond JH, Ahnen DJ, Garewal H, 
Chejfec G. Use of colonoscopy to screen asymptomatic adults 
for colorectal cancer. veterans affairs cooperative study group 
380. N Engl J Med. 2000;343(3):162–8.

	 8.	Rathgaber SW, Wick TM. Colonoscopy completion and com-
plication rates in a community gastroenterology practice. 
Gastrointest Endosc. 2006;64(4):556–62.

	 9.	Rex DK, Bond JH, Winawer S, et al. Quality in the technical per-
formance of colonoscopy and the continuous quality improve-
ment process for colonoscopy: recommendations of the U.S. 
multi-society task force on colorectal cancer. Am J Gastroenterol. 
2002;97(6):1296–308.

	10.	Barclay RL, Vicari JJ, Doughty AS, Johanson JF, Greenlaw RL. 
Colonoscopic withdrawal times and adenoma detection during 
screening colonoscopy. N Engl J  Med. 2006;355(24): 
2533–41.

	11.	Corley DA, Jensen CD, Marks AR, et  al. Adenoma detection 
rate and risk of colorectal cancer and death. N Engl J  Med. 
2014;370(14):1298–306.

	12.	Rex DK, Schoenfeld PS, Cohen J, et al. Quality indicators for 
colonoscopy. Gastrointest Endosc. 2015;81(1):31–53.

	13.	Chapuis PH, Dent OF, Goulston KJ. Clinical accuracy in the 
diagnosis of small polyps using the flexible fiberoptic sigmoid-
oscope. Dis Colon Rectum. 1982;25(7):669–72.

	14.	Neale AV, Demers RY, Budev H, Scott RO. Physician accuracy 
in diagnosing colorectal polyps. Dis Colon Rectum. 1987; 
30(4):247–50.

	15.	Bujanda L, Cosme A, Gil I, Arenas-Mirave JI.  Malignant 
colorectal polyps. World J  Gastroenterol. 2010;16(25): 
3103–11.

	16.	Molatore S, Ranzani GN. Genetics of colorectal polyps. Tech 
Coloproctol. 2004;8 Suppl 2:s240–2.

	17.	Gschwantler M, Kriwanek S, Langner E, et al. High-grade dys-
plasia and invasive carcinoma in colorectal adenomas: a multi-
variate analysis of the impact of adenoma and patient 
characteristics. Eur J Gastroenterol Hepatol. 2002;14(2):183–8.

	18.	Kulling D, Christ AD, Karaaslan N, Fried M, Bauerfeind P. Is 
histological investigation of polyps always necessary? 
Endoscopy. 2001;33(5):428–32.

	19.	Church J. Polyp treatment. In: Endoscopy of the colon, rectum 
and anus. 1st ed. Japan: Igaku-Shoin; 1995. p. 156–78.

	20.	Lee SW, Garrett KA, Shin JH, Trencheva K, Sonoda T, Milsom 
JW. Dynamic article: long-term outcomes of patients undergo-
ing combined endolaparoscopic surgery for benign colon pol-
yps. Dis Colon Rectum. 2013;56(7):869–73.

	21.	Din S, Ball AJ, Taylor E, Rutter M, Riley SA, Johal S. 
Polypectomy practices of sub-centimeter polyps in the English 
Bowel Cancer Screening Programme. Surg Endosc. 2015; 
29(11): 3224-3230.

	22.	Singh N, Harrison M, Rex DK. A survey of colonoscopic polyp-
ectomy practices among clinical gastroenterologists. Gastrointest 
Endosc. 2004;60(3):414–8.

	23.	Kedia P, Waye JD.  Colon polypectomy: a review of routine  
and advanced techniques. J  Clin Gastroenterol. 2013;47(8): 
657–65.

	24.	Rex DK. Preventing colorectal cancer and cancer mortality with 
colonoscopy: What we know and what we don’t know. 
Endoscopy. 2010;42(4):320–3.

	25.	Woods A, Sanowski RA, Wadas DD, Manne RK, Friess SW. 
Eradication of diminutive polyps: a prospective evaluation of 
bipolar coagulation versus conventional biopsy removal. 
Gastrointest Endosc. 1989;35(6):536–40.

	26.	Efthymiou M, Taylor AC, Desmond PV, Allen PB, Chen RY. 
Biopsy forceps is inadequate for the resection of diminutive 
polyps. Endoscopy. 2011;43(4):312–6.

	27.	Liu S, Ho SB, Krinsky ML. Quality of polyp resection during 
colonoscopy: are we achieving polyp clearance? Dig Dis Sci. 
2012;57(7):1786–91.

	28.	Draganov PV, Chang MN, Alkhasawneh A, et al. Randomized, 
controlled trial of standard, large-capacity versus jumbo biopsy 
forceps for polypectomy of small, sessile, colorectal polyps. 
Gastrointest Endosc. 2012;75(1):118–26.

	29.	Williams CB. Small polyps: the virtues and the dangers of hot 
biopsy. Gastrointest Endosc. 1991;37(3):394–5.

	30.	Monkemuller KE, Fry LC, Jones BH, Wells C, Mikolaenko I, 
Eloubeidi M.  Histological quality of polyps resected using the 
cold versus hot biopsy technique. Endoscopy. 2004;36(5):432–6.

	31.	Vanagunas A, Jacob P, Vakil N. Adequacy of “hot biopsy” for 
the treatment of diminutive polyps: a prospective randomized 
trial. Am J Gastroenterol. 1989;84(4):383–5.

	32.	Savides TJ, See JA, Jensen DM, Jutabha R, Machicado GA, 
Hirabayashi K. Randomized controlled study of injury in the 
canine right colon from simultaneous biopsy and coagulation 
with different hot biopsy forceps. Gastrointest Endosc. 1995; 
42(6):573–8.

	33.	Peluso F, Goldner F. Follow-up of hot biopsy forceps treatment 
of diminutive colonic polyps. Gastrointest Endosc. 1991;37(6): 
604–6.

	34.	Gilbert DA, DiMarino AJ, Jensen DM, et al. Status evaluation: 
hot biopsy forceps. American society for gastrointestinal endos-
copy. technology assessment committee. Gastrointest Endosc. 
1992;38(6):753–6.

	35.	Riley S.  Colonoscopic polypectomy and endoscopic mucosal 
resection: A practical guide. http://www.bsg.org.uk/clinical-
guidance/endoscopy/colonoscopic-polypectomy-and-endo-
scopic-mucosal-resection-a-practical-guide.html. Updated 
2008. Accessed 5 June 2015.

	36.	Kim JS, Lee BI, Choi H, et al. Cold snare polypectomy versus 
cold forceps polypectomy for diminutive and small colorectal 
polyps: A randomized controlled trial. Gastrointest Endosc. 
2015;81(3):741–7.

	37.	Hewett DG.  Colonoscopic polypectomy: current techniques 
and controversies. Gastroenterol Clin North Am. 2013;42(3): 
443–58.

	38.	Paspatis GA, Tribonias G, Konstantinidis K, et al. A prospective 
randomized comparison of cold vs hot snare polypectomy in the 
occurrence of postpolypectomy bleeding in small colonic polyps. 
Colorectal Dis. 2011;13(10):e345–8.

	39.	Lee CK, Shim JJ, Jang JY.  Cold snare polypectomy vs. cold 
forceps polypectomy using double-biopsy technique for 
removal of diminutive colorectal polyps: a prospective random-
ized study. Am J Gastroenterol. 2013;108(10):1593–600.

	40.	Ichise Y, Horiuchi A, Nakayama Y, Tanaka N. Prospective ran-
domized comparison of cold snare polypectomy and conventional 

K.A. Garrett and S.W. Lee



91

polypectomy for small colorectal polyps. Digestion. 
2011;84(1):78–81.

	41.	Van Gossum A, Cozzoli A, Adler M, Taton G, Cremer M. 
Colonoscopic snare polypectomy: Analysis of 1485 resections 
comparing two types of current. Gastrointest Endosc. 1992; 
38(4):472–5.

	42.	Repici A, Pellicano R, Strangio G, Danese S, Fagoonee S, 
Malesci A. Endoscopic mucosal resection for early colorectal 
neoplasia: pathologic basis, procedures, and outcomes. Dis 
Colon Rectum. 2009;52(8):1502–15.

	43.	Conio M, Blanchi S, Repici A, Ruggeri C, Fisher DA, Filiberti 
R.  Cap-assisted endoscopic mucosal resection for colorectal 
polyps. Dis Colon Rectum. 2010;53(6):919–27.

	44.	Moss A, Bourke MJ, Williams SJ, et al. Endoscopic mucosal 
resection outcomes and prediction of submucosal cancer from 
advanced colonic mucosal neoplasia. Gastroenterology. 2011; 
140(7):1909–18.

	45.	Moss A, Williams SJ, Hourigan LF, et al. Long-term adenoma 
recurrence following wide-field endoscopic mucosal resec-
tion (WF-EMR) for advanced colonic mucosal neoplasia is 
infrequent: results and risk factors in 1000 cases from the 
australian colonic EMR (ACE) study. Gut. 2015;64(1): 
57–65.

	46.	Luigiano C, Consolo P, Scaffidi MG, et al. Endoscopic mucosal 
resection for large and giant sessile and flat colorectal polyps: a 
single-center experience with long-term follow-up. Endoscopy. 
2009;41(10):829–35.

	47.	Buchner AM, Guarner-Argente C, Ginsberg GG. Outcomes of 
EMR of defiant colorectal lesions directed to an endoscopy 
referral center. Gastrointest Endosc. 2012;76(2):255–63.

	48.	Steele SR, Johnson EK, Champagne B, et al. Endoscopy and 
polyps-diagnostic and therapeutic advances in management. 
World J Gastroenterol. 2013;19(27):4277–88.

	49.	Japanese Gastric Cancer Association. Japanese gastric cancer 
treatment guidelines 2010 (ver.3). Gastric Cancer. 2011; 
14:113–23.

	50.	Gotoda T, Ho KY, Soetikno R, Kaltenbach T, Draganov P. 
Gastric ESD: current status and future directions of devices and 
training. Gastrointest Endosc Clin N Am. 2014;24(2): 
213–33.

	51.	Draganov PV, Gotoda T, Chavalitdhamrong D, Wallace MB. 
Techniques of endoscopic submucosal dissection: application 
for the western endoscopist? Gastrointest Endosc. 2013;78(5): 
677–88.

	52.	Ono S, Fujishiro M, Koike K. Endoscopic submucosal dissec-
tion for superficial esophageal neoplasms. World J Gastrointest 
Endosc. 2012;4(5):162–6.

	53.	Oda I, Suzuki H, Nonaka S, Yoshinaga S. Complications of 
gastric endoscopic submucosal dissection. Dig Endosc. 2013;25 
Suppl 1:71–8.

	54.	Tanaka S, Kashida H, Saito Y, et  al. JGES guidelines for 
colorectal endoscopic submucosal dissection/endoscopic muco-
sal resection. Dig Endosc. 2015;27(4):417–34.

	55.	Deprez PH, Bergman JJ, Meisner S, et  al. Current practice  
with endoscopic submucosal dissection in Europe: position 
statement from a panel of experts. Endoscopy. 2010;42(10): 
853–8.

	56.	Bhatt A, Abe S, Kumaravel A, Vargo J, Saito Y. Indications and 
techniques for endoscopic submucosal dissection. Am J 
Gastroenterol. 2015.

	57.	Huai ZY, Feng Xian W, Chang Jiang L, Xi Chen W. Submucosal 
injection solution for endoscopic resection in gastrointestinal 
tract: a traditional and network meta-analysis. Gastroenterol 
Res Pract. 2015;2015:702768.

	58.	Probst A, Golger D, Anthuber M, Markl B, Messmann H. 
Endoscopic submucosal dissection in large sessile lesions of the 
rectosigmoid: learning curve in a european center. Endoscopy. 
2012;44(7):660–7.

	59.	Hotta K, Oyama T, Shinohara T, et  al. Learning curve for 
endoscopic submucosal dissection of large colorectal tumors. 
Dig Endosc. 2010;22(4):302–6.

	60.	Saito Y, Uraoka T, Yamaguchi Y, et al. A prospective, multicenter 
study of 1111 colorectal endoscopic submucosal dissections 
(with video). Gastrointest Endosc. 2010;72(6):1217–25.

	61.	Kobayashi N, Yoshitake N, Hirahara Y, et  al. Matched case–
control study comparing endoscopic submucosal dissection 
and endoscopic mucosal resection for colorectal tumors. J 
Gastroenterol Hepatol. 2012;27(4):728–33.

	62.	Steele SR, Brown TA, Rush RM, Martin MJ. Laparoscopic vs 
open colectomy for colon cancer: results from a large nation-
wide population-based analysis. J Gastrointest Surg. 2008;12(3): 
583–91.

	63.	Beck DE, Karulf RE.  Laparoscopic-assisted full-thickness 
endoscopic polypectomy. Dis Colon Rectum. 1993;36(7): 
693–5.

	64.	Franklin Jr ME, Diaz-E JA, Abrego D, Parra-Davila E, Glass JL. 
Laparoscopic-assisted colonoscopic polypectomy: the Texas 
Endosurgery Institute experience. Dis Colon Rectum. 2000; 
43(9):1246–9.

	65.	Wilhelm D, von Delius S, Weber L, et  al. Combined laparo-
scopic endoscopic resections of colorectal polyps: 10-year expe-
rience and follow-up. Surg Endosc. 2009;23(4):688–93.

	66.	Ommer A, Limmer J, Mollenberg H, Peitgen K, Albrecht KH, 
Walz MK. Laparoscopic-assisted colonoscopic polypectomy—
indications and results. Zentralbl Chir. 2003;128(3):195–8.

	67.	Franklin Jr ME, Leyva-Alvizo A, Abrego-Medina D, et  al. 
Laparoscopically monitored colonoscopic polypectomy: an 
established form of endoluminal therapy for colorectal polyps. 
Surg Endosc. 2007;21(9):1650–3.

	68.	Winter H, Lang RA, Spelsberg FW, Jauch KW, Huttl TP. 
Laparoscopic colonoscopic rendezvous procedures for the 
treatment of polyps and early stage carcinomas of the colon. Int 
J Colorectal Dis. 2007;22(11):1377–81.

	69.	Lee SW, Garrett KA, Shin JH, Trencheva K, Sonoda T, Milsom 
JW. Dynamic article: long-term outcomes of patients undergoing 
combined endolaparoscopic surgery for benign colon polyps. Dis 
Colon Rectum. 2013;56(7):869–73.

	70.	Yan J, Trencheva K, Lee SW, Sonoda T, Shukla P, Milsom 
JW.  Treatment for right colon polyps not removable using 
standard colonoscopy: combined laparoscopic-colonoscopic 
approach. Dis Colon Rectum. 2011;54(6):753–8.

	71.	Franklin Jr ME, Portillo G.  Laparoscopic monitored colono-
scopic polypectomy: long-term follow-up. World J Surg. 2009; 
33(6):1306–9.

5.  Endoscopic Management of Polyps, Polypectomy, and Combined Endoscopic and Laparoscopic Surgery


	5
: Endoscopic Management of Polyps, Polypectomy, and Combined Endoscopic and Laparoscopic Surgery
	Introduction
	Identification of Polyps
	Criteria for Polypectomy
	Polypectomy Techniques
	Endoscopic Mucosal Resection
	Endoscopic Submucosal Dissection
	Combined Endo-Laparoscopic Surgery (CELS)
	Conclusion
	References


