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Preface

Since its introduction in clinical practice in the early 1970s, colon polypectomy has 
become a standard procedure for treating noninvasive mucosal adenomas and neo-
plasms, with the aim to interrupt the adenoma-carcinoma sequence leading to inva-
sive cancer.

However, despite proven effectiveness, polypectomy techniques are often het-
erogeneous and lack complete standardization, particularly in some aspects such as 
submucosal injection solutions or resection methods.

Proper removal of polyp needs not only technical skill but also complete and 
updated knowledge of endoscopic equipment and awareness of potential complica-
tions according to morphology and size of the mucosal lesion.

In the colorectal cancer screening era, detection and resection of all polypoid 
lesions are the main goals of quality colonoscopy, and submitting all resected pol-
yps to pathologic examination still represents the standard of care.

Furthermore, other important aspects play a fundamental role in this setting, par-
ticularly increasing adenoma detection rate during screening colonoscopy and 
scheduling a proper surveillance program according to polyp features. Finally, the 
endoscopist should take into account other patient-related characteristics which 
may increase the risk of complications, such as ongoing therapy with antithrom-
botic agents or concomitant systemic disease.

For these reasons, it seemed rational to produce a book that represents much of 
the current evidence and controversies on colon polypectomy. In order to overcome 
bias related to a single-center experience, outstanding experts from all over the 
world have been invited to contribute to this project.

This is an exciting time to be in the field of endoscopy as so many changes are 
simultaneously occurring at multiple levels of our understanding, and there is an 
increasing interest toward new techniques which have been recently developed.

We are confident our book will be of interest either to the expert endoscopist who 
wants to stay abreast with the novel advancements in the field or to the trainees who 
will likely benefit from authors’ experience to improve their skills.

Foggia, Italy Antonio Facciorusso 
July 2017 Nicola Muscatiello
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1Classification of Colon Polyps and Risk 
of Neoplastic Progression

Renato Cannizzaro, Raffaella Magris, Stefania Maiero, 
Mara Fornasarig, and Vincenzo Canzonieri

1.1  Introduction

Intestinal polyps are projections from the mucosal surface that bulge into the vis-
ceral lumen and they are classified on the basis of their clinico-pathological quali-
ties (i.e., neoplastic versus non-neoplastic) (Table 1.1) and/or their histopathological 
characteristics (Table 1.2). Adenomas are recognized as the precursor lesions for 
colorectal carcinoma [1]. Endoscopically, any superficial intestinal lesion may be 
described as follows: polypoid type (pedunculated, sessile, semi-pedunculated 
lesions), non-polypoid type (slightly elevated, flat, slightly depressed lesions) [2, 3].

Table 1.1 Clinico- 
pathological classification 
of polyps

Neoplastic mucosal polyps
Benign (adenoma)
Tubular adenoma
Tubulovillous adenoma
Villous adenoma
Malignant (carcinoma)
Noninvasive carcinoma
    Carcinoma in situ
   Intramucosal carcinoma
Invasive carcinoma (through muscularis mucosae)
Non-neoplastic mucosal polyps
Hyperplastic polyp (including serrated polyps)
Mucosal polyp (normal mucosa in a polypoid configuration)
Juvenile polyp (retention polyp)
Peutz–Jeghers polyp
Inflammatory polyp

mailto:rcannizzaro@cro.it
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Table 1.2 Histopathological 
classification of polyps

Epithelial
Conventional adenoma
Tubular adenoma
Tubulovillous adenoma
Villous adenoma
Flat adenoma
Serrated polyps
Hyperplastic
Sessile serrated adenoma
Mixed polyps
Traditional serrated adenoma
Polypoid adenocarcinoma
Inflammatory
Mucosal prolapse-associated polyps
Inflammatory pseudo-polyp
Polypoid granulation tissue
Infection associated polyp
Hamartomatous
Peutz–Jeghers polyp
Juvenile polyp
Cowden syndrome
Cronkite Canada syndrome
Stromal
Inflammatory fibroid polyp
Fibroblastic polyp
Schwann cell neurilemmoma
Ganglioneuroma
Leiomyoma
Lipoma
Lipohyperplasia of ileo-cecal valve
Gastrointestinal stromal tumor
Neurofibroma
Granular cell tumor
Lymphoid
Prominent lymphoid follicle
Lymphomatous polyposis
Endocrine
Differentiated endocrine tumor
Other
Prominent mucosal fold
Everted appendiceal stump
Elastotic polyp
Endometriosis
Mucosa xanthoma
Melanoma/clear cell sarcoma
Metastasis
Malignant (carcinoma)
Noninvasive carcinoma
   Carcinoma in situ
   Intramucosal carcinoma
Invasive carcinoma (through muscularis mucosae)
Non-neoplastic mucosal polyps
Hyperplastic polyp (including serrated polyps)
Mucosal polyp (normal mucosa in a polypoid configuration)
Juvenile polyp (retention polyp)
Peutz–Jeghers polyp
Inflammatory polyp

R. Cannizzaro et al.
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Recently, it has been recognized that some hyperplastic lesions, with serrated 
morphology, can exhibit a significant risk of neoplastic progression, through the 
so- called serrated pathway [1].

1.2  Histological features of adenoma

1.2.1  Adenoma

Adenomatous polyps contain epithelial neoplasia account for approximately 10% 
of polyps [2, 4].

From a histological point of view, three types of adenomas are defined: tubular 
adenomas, villous adenomas, tubulovillous adenomas depending on their predomi-
nant glandular pattern [5]. The difference between tubular and tubulovillous adeno-
mas depends on the percentage of volume of adenoma that is villous (20% in 
tubulovillous, 80% in villous) [2]. Tubular adenomas are small and present mild 
dysplasia whereas large adenomas often exhibit villous architecture and are associ-
ated with more severe degree of dysplasia [5]. The highest morbidity and mortality 
rates are associated with villous adenomas.

1.3  Adenoma Size

Adenomas can be classified by size in three classes: diminutive (1–5 mm diameter); 
small [6, 9], to and large (more than 10 mm) [4]. Size and histology of adenomas 
correlate with the risk of progression to carcinoma.

Adenomas of 10 mm of diameter or more are considered advanced, instead ade-
nomas which are less than 1 cm are considered advanced when contain more at least 
25% villous features, high grade dysplasia or carcinoma [4]. Diminutive polyps are 
commonly encountered during endoscopy and less than 1% of them are villous or 
contain a focus of high grade dysplasia.

1.4  Adenoma Carcinoma Sequence

Molecular studies have reported that several signaling pathways are involved in the 
carcinogenesis of Colorectal Cancer (CRC) [6, 7]. Molecular complexity can 
explain the morphological heterogeneity of CRC, in terms of site, grade, and type of 
the tumor [6, 8, 9]. Studies have centered on genetic changes of the three main cat-
egories of genes: (1) Tumor suppressor genes (TSG), such as APC, DCC, TP53, 
SMAD2, SMAD4, and p16INK4α; (2) protooncogenes, such as K-ras, N-ras, and 
(3) DNA repair genes, such as MMR and MUTYH [10–12]. The first elucidated is 
suppressor or chromosomal instability, the classical pathway recognized in the 
Fearon and Vogelstein genetic model [6, 10, 13]. It includes FAP tumors and 80% 
of sporadic colorectal carcinomas. This model proposes that mutations in concrete 
genes, in particular TSGs, cause the histopathological sequence of the progression 
of CRC [10]. Changes start with the mutation or loss of APC gene, followed by 

1 Classification of Colon Polyps and Risk of Neoplastic Progression
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KRAS mutations, TP53 and DCC mutations [10]. 70–80% of colorectal tumors 
present APC gene mutations, instead K-ras mutations are found in 40% of tumors 
[10, 14–16]. The Fearon–Vogelstein model is even now considered valid for illus-
trating the concept of multiple steps of tumor progression. The sequences of pro-
posed changes are the result of a statistical analysis so not all individuals have to 
show all of the changes [10].

The second elucidated pathway is the mutating or microsatellite instability (MIN) 
pathway that is responsible for the development of hypermutating carcinomas [6]. It 
includes the Lynch syndrome tumors and approximately 15% of sporadic tumors 
[10]. Lynch syndrome is caused by a mutation in one of the genes encoding proteins 
involved in mismatch repair (MMR) [6, 17]. Mutation on MMR genes provoke 
genomic instability that leads to hypermutator phenotype known as microsatellite 
instability determining an accelerated progression to carcinoma [10, 18].

The third, alternative, mechanism of carcinogenesis has been described as an 
epigenetic process. A frequently encountered mechanism responsible for silencing 
of TSGs is the hypermethylation of gene promoter associated CpG Island (CIMP), 
involved in the regulation of transcription [6, 19]. These epigenetic changes create 
instability in the genes as a result of the inactivation of TGS or MSI or CIN repair 
genes. The causes that activate the hypermethylation process are not clear. 
Environmental factors that could be involved are lesion due to chemotherapeutic 
agents, the ingestion of folates but the reasons or genetics that regulate this phenom-
enon are not well known [10, 20].

1.5  Serrated Lesions

Serrated polyps are defined as epithelial lesions with a serrated or “saw-toothed 
appearance” on histologic section due to infolding of crypt epithelium [21]. 
Serrated lesions vary from hyperplastic polyps (HP), sessile serrated adenomas 
(SSAs), dysplastic serrated polyps (traditional serrated polyps), or mixed lesion/
polyps [2, 21].

1.5.1  Hyperplastic Polyps

HPs are highly prevalent diminutive sessile polyps that occur in the distal part of 
the colon and rectum. HPs are also the most frequent serrated polyps (80–90%) 
and they represent the 29–40% of all the polyps [22]. They usually have a diam-
eter less than 5  mm and microscopically they exhibit distinct surface patterns. 
They show elongated crypts with serrated architecture in the upper half part of 
crypts or sometimes in the upper third and on the surface of the crypts leading to 
an irregular distension and a serration in the upper half of crypts [1, 21]. These 
surface patterns correspond to the histological subtypes: microvesicular serrated 

R. Cannizzaro et al.
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polyps (MVSPs), goblet cell serrated polyps (GCSPs), and mucin poor type (very 
rare) [1, 21]. Nuclei, in cells of the basal part are small, uniform, and basally ori-
ented and nuclei in the upper part of the crypts are not crowed and there is no 
hyperchromasia [1, 2].

There is no cytologic dysplasia or intraepithelial neoplasia, no structural or 
architectural changes [1]. The two different histological subtypes differ also in 
molecular profiles. MVSPs show BRAF mutation and an increased level of suscep-
tibility to aberrant methylation at promoter regions. GCSPs show KRAS mutation 
which is not shown in SSAs but there is some evidence that large GCSPs can prog-
ress to SSAs. So classifying HPs has no clinical importance [21].

Recently, it has been discovered that HPs could possess some malignant poten-
tial in the setting of hyperplasic polyposis syndrome. Patients presenting hyperplas-
tic polyposis syndrome present: five or more serrated polyps proximal to the sigmoid 
colon with two or more larger than 10 mm in diameter; a total of more than 20 
polyps, or a serrated polyp proximal to the sigmoid colon and a first-degree relative 
with the syndrome [23, 24]. The risk of malignant progression for most of the small 
distally located HPs in the colorectum is very low [1]. Polyps larger than 10 mm, 
instead, should be removed because some studies demonstrated that they could have 
malignant potential [1].

1.5.2  Sessile Serrated Adenomas

Sessile serrated polyps are heterogeneous lesions usually found in proximal colon 
(75%). They are less common than HP and have been suggested to account around 
15–25% of all serrated polyps and 1.7–9% of all polyps [22]. SSAs are character-
ized by hyperserrations with rectangular dilatation of the whole crypts with or with-
out the presence of mucus, T and L branching at the crypt base, and pseudoinvasion 
into the mucosal layer. Distortion in the bases of the colonic crypts is often present 
with an increased number of goblet cells, slightly enlarged vesicular nuclei with 
prominent nucleoli, and proliferation zone in the middle third of the crypts [1, 2, 4].

SSAs often produce excessive extracellular mucin, and stain positively for 
MUC5AC and MUC2 which are present in the surface of the polyp [22].

Endoscopically, SSAs appear as flat, sessile, or slightly elevated lesions, mal-
leable, and often covered by a thin layer of yellowish mucus and usually they are 
larger than 5 mm in diameter [1, 21].

Their surface is generally smooth or granular and often their borders are irregular 
and poorly defined [21].

SSAs have two defining molecular genetic characteristics that indicate their rela-
tionship to MVSPs and to sporadic colon rectal cancer with high levels of microsat-
ellite instability (MSI-H), namely BRAF-mut and high levels of CpG island 
methylation [21, 25, 26]. However, some contradictory studies highlight that they 
differ for anatomical distribution.

1 Classification of Colon Polyps and Risk of Neoplastic Progression
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1.5.3  Dysplastic Serrated Polyps

Dysplastic serrated polyps are less common than conventional adenomas or HP, 
accounting for only 1–2% of all polyps [21]. Dysplastic serrated polyps show neo-
plastic crypts with serrated structures [2].

They share histological features as serrated gland component and the presence 
of eosinophilic dysplastic epithelium [2, 21]. Dysplastic serrated polyps can also 
be divided into two categories: SSA with dysplasia (SSAD) and traditional ser-
rated adenoma (TSA). SSADs exhibit inverted T L shaped crypt bases, crypt 
branching and dilatation, presence of mature goblet cells in the crypt base or they 
show SSA characteristic next to an area of serrated or conventional dysplasia 
[21]. TSAs, instead, resemble conventional adenomas [21]. TSAs usually locate 
in the distal colon, and present a cytoplasmic eosinophilia and tubulovillous 
architectures [21].

Most SSADs present BRAF mutation. TSAs, instead, are more frequently asso-
ciated with KRAS-mutation and likely give rise to microsatellite stable (MSS) can-
cer through hypermethylation of DNA repair gene MGMT [22]. Dysplasia is found 
in SSAs that present hyper-methylation of various genes (CIMP) including p16 and 
MLH1 resulting in early invasive cancer, more aggressive than conventional ade-
noma of proximal colon [22].

Several studies have put light on the fact that SSADs are at greater risk of pro-
gression to colorectal cancer than TSAs, marking the necessity of an adequate sur-
veillance [21]. Dysplasia is a necessary step for progression to malignancy [21]. 
High grade dysplasia or intramucosal carcinomas have been found in KRAS-mut 
TSAs [21, 27]. The combination of serrated pathway features like CpG island meth-
ylation and the characteristics of the conventional pathway like chromosomal dele-
tion and p53 mutation have been called “fusion pathway polyps” [21, 26, 28].

1.5.4  Mixed Polyps

The World Health Organization defined mixed polyps lesions which have a 
combination of hyperplastic, classical adenomatous or TSA or sessile serrated 
lesion components with different grades of intraepithelial neoplasia [1, 2]. The 
mixed polyps can contain components of SSA and TSA, SSA and conventional 
adenomas, TSA and conventional adenoma, and rarely HP and conventional 
adenoma [1]. The different histopathological type must be indicated in the 
 diagnosis [2].

1.6  Mucosal Polyps

Mucosal polyps are small polyps where the submucosa has elevated the normal 
tissue. They have no clinical significance [3].

R. Cannizzaro et al.
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1.7  Juvenile Polyps

Juvenile polyps are solitary, spherical polyps that usually are located in the rectum 
of children [2, 3]. They show an excess of lamina propria and have cystic dilated 
glands [2]. In juvenile polyps, neoplasia is rare but they often show hyperplasia [2]. 
They are also known as retention polyps for the distended, mucus-filled glands, 
inflammatory cells, and edematous lamina propria [3, 29].

1.8  Peutz-Jeghers’s polyps

Peutz–Jeghers polyps are usually present in Peutz–Jeghers syndrome and rarely as 
single polyps [2]. Polyps have a very organized structure consisting in a central core 
smooth muscle with conspicuous branching covered by hyperplastic colorectal 
mucosa [2].

Differently from juvenile polyps, in Peutz–Jeghers polyps the lamina propria is 
normal and the abnormal muscle tissue confer the characteristic architecture of the 
lesion [3].

1.9  Inflammatory Polyps

Inflammatory polyps are associated with inflammatory bowel disease, diverticulo-
sis, and mucosal prolapse [2]. Inflammatory polyps are thought to originate after 
mucosal inflammation with full thickness ulceration and tissue regeneration [30]. 
Inflammatory polyps might represent island of inflamed edematous mucosa with 
granulation tissue in the middle of mucosal ulceration [30]. These polyps have no 
intrinsic neoplastic potential, but they often appear in diseased colons that are at 
high risk to develop colon cancer [30].

1.10  Malignant Polyps

Malignant polyps are adenomatous growth containing transformed cells that have 
invaded the submucosa [31]. Such malignant polyps are found in 0.2–9% of endo-
scopically removed adenomatous polyps [32].

Higher rates of malignancy have been reported in villous adenomas (10–18%) 
compared with tubulovillous (6–8%) and tubular (2–3%) types [33].

Endoscopically, the presence of depressed ulceration, irregular contour, defor-
mity, a short and immobile stalk, and the inability to elevate sessile polyp upon 
submucosa bleb formation must put in alert endoscopist [31].

The diagnosis of malignancy is ultimately histological [31]. There are several histo-
logical features which have been suggested to associate with higher probability of resid-
ual disease or recurrent carcinoma [32, 33]. The diagnosis and the oncological risk are 

1 Classification of Colon Polyps and Risk of Neoplastic Progression
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defined by these elements: histological grade, lymphovascular invasion, tumor budding, 
margin of resection, and microstadiation [33]. There are four different levels of tumor 
differentiation from G1 (well differentiated) to G4 (undifferentiated). For therapeutic pur-
poses, these levels are further divided into low-grade malignant polyps (G1 and G2) and 
high-grade malignant polyps (G3 and G4) [34]. Lymphatic invasion by cancer is defined 
as tumor cells visible within a true endothelial channel in absence of erythrocytes [33]. 
CD31 or CD34 marker could help in assessing vascular invasion especially if there are 
fixation artifacts in paraffin sections [33]. Tumor budding describes the presence of iso-
lated single cancer cells or small cluster of cancer cells (less than 5 cells) at the advancing 
edge of the tumor [33, 34]. Tumors are positive for budding if they present five or more 
buds per 20 power fields [33]. There is increasing evidence that the presence of tumor 
budding reflects clinical aggressiveness of colon cancer and it is associated with lymph 
node metastasis and other adverse outcomes [33, 35]. Ensuring a histologically assessed 
resection margin free of cancer is very important. Cancer cells present near (less than a 
1 mm) the resection margin or within diathermocoagulation line on histological examina-
tion increase the risk for an adverse outcome [33, 34]. Finally, microstadiation permits to 
recognize lesions of different metastatic potential. Histologically, polyps are classified by 
different factors but probably the most important characteristic is the depth of invasion 
[35]. There are two schemes to evaluate tumor invasion: Haggitt and Kikuchi scheme. 
Haggitt classification system for pedunculated and sessile polyps is an important prog-
nostic factor. Pedunculated polyps can be classified as level 0–4.

• Level 0 suggests that cancer cells are restricted to the mucosa and do not enter 
the muscularis mucosae [35, 36].

• Levels 1 indicates cancer cells invading into the submucosa but limited to the 
head of the polyps [33, 35, 36].

• Level 2 is present when carcinoma invades the level of the neck (the junction of 
the head and stalk) [33, 35, 36].

• Level 3 signifies that cancer cells invade any part of the stalk [33, 35, 36].
• Level 4 indicates that cancer cells invade into the submucosa of the bowel wall 

below the stalk but above the muscularis propria of the polyps [33, 35, 36].

Sessile adenomas with any degree of invasion that give rise to invasive cancer are 
defined as level 4 [33, 35, 36].

The submucosal invasion of adenocarcinoma in sessile polyps was further clas-
sified by Kudo [37] and Kikuchi [38]. They classified submucosal invasion into 
three levels: Sm1 in case of invasion of the upper third of submucosa; Sm2 invasion 
into the middle third of the mucosa; Sm3 invasion into the lower third of the mucosa 
[35]. Kikuchi and colleagues further modified the classification deepening Sm1 
classification: SM1a less than a quarter of the width of the tumor invading the sub-
mucosa; SM1b between a quarter and a half of the width of the tumor invading the 
submucosa; SM1c more than a half of the width of the tumor invading the submu-
cosa [33]. This classification is difficult to use if histological samples do not include 
a significant portion of the submucosa or some of the muscularis propria [35] 
(Fig.  1.1). On the basis of these criteria it is possible to differentiate malignant 
polyps at high or low grade of metastasis risk (Table 1.3).

R. Cannizzaro et al.
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a b

c d

e f

g h

Fig. 1.1 (a) Macroscopic appearance of tubular adenoma; (b) macroscopic appearance of polyp-
oid sessile adenocarcinoma in tubular adenoma; (c) macroscopic appearance of pedunculated lipo-
matous polypoid lesion with lobulated yellow cut surface; (d) macroscopic appearance of residual 
mucosa after polyp endoscopic removal; (e) histological features of tubulovillous pedunculated 
adenoma; (f) low-grade epithelial dysplasia in adenomatous polyp; (g) malignant polyps: adeno-
carcinoma in tubular adenoma. The malignant neoplastic proliferation invades the upper third of 
submucosa; (h) micrometric evaluation of distance of neoplastic cells from the resection margin
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Methods to Improve the Adenoma 
Detection Rate

Vasilios Papadopoulos and Konstantinos Triantafyllou

2.1  Introduction

Colorectal cancer (CRC) is the second most prevalent cause of human cancer- 
related deaths in Europe [1], and the third in the United States [2]. To date, colonos-
copy represents the optimal procedure for CRC screening, since it provides the 
opportunity of detection and subsequent removal of adenomatous polyps, thus, 
reducing the incidence and mortality of CRC [3, 4]. However, colonoscopy suffers 
from several imperfections. Back to back colonoscopy studies have shown that up 
to 25% of adenomas are missed during colonoscopy, resulting in high interval 
 cancer incidence [5, 6].

In light of these observations, a high-quality examination that will ensure the 
detection and removal of all precancerous lesions is warranted, and so several qual-
ity assessment indicators have been developed, such as the worldwide-accepted 
adenoma detection rate (ADR), and continuous quality improvement programs have 
been implemented [7]. ADR is defined as the proportion of average-risk patients 
undergoing first-time screening colonoscopy in which at least one adenoma is 
found. It has been demonstrated that ADR correlates directly with interval cancer 
(CRC after negative colonoscopy), as an ADR that exceeds 25% is significantly 
associated with a reduction in interval CRC [8]. Moreover, ADR has been inversely 
associated with the risk of advanced-stage interval cancer and fatal interval cancer 
[9]. Current ASGE guidelines propose that in patients undergoing screening colo-
noscopy, an ADR of ≥30% in men and of ≥20% in women should be achieved, at 
least [10].
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In this chapter, we will highlight various procedural and technical-dependent 
factors that contribute to ADR improvement.

2.2  Procedure-Related Factors

The evidences listed below are summarized in Table 2.1.

Table 2.1 Studies evaluating the impact of pre- and intra-procedural issues on adenoma detection rate

Author (year) [ref] Method Study design N ADR Limitations
Oh (2015) [11] Overall bowel 

preparation 
quality

Single-center 
retrospective 
study

6097 OR: 0.55 
(95%CI 
0.41–0.75) 
for poor/fair 
preparation

Study design

Gurudu (2012) [15] Same-day vs. 
split-dose 
preparation

Single-center 
retrospective 
study

3560 
vs. 
1615

26.7 vs. 31.8% Study design
Different 
endoscopists 
per period

Clark (2014) [16] Overall bowel 
preparation 
quality

Meta-analysis 31,047 
vs. 
4058

OR: 1.30 
(95%CI 
1.19–1.42) 
favoring 
adequate vs. 
inadequate 
preparation

Different 
bowel 
preparation 
quality scales 
used

Adler (2012) [17] Overall bowel 
preparation 
quality

Multicenter 
prospective 
cohort study 
from private 
practice

12,134 OR: 0.64 
(95%CI 
0.47–0.87) 
for poor 
preparation and 
OR: 0.22 
(95%CI 
0.05–0.92) 
for insufficient 
preparation

Relatively 
small number 
of 
participating 
colonoscopists

Tholey (2015) [18] Overall bowel 
preparation 
quality

Single-center 
retrospective 
cross-
sectional 
study

5113 OR: 0.97 
(95%CI 
0.85–1.11) 
for excellent 
preparation

Study design

Clark (2016) [19] Overall bowel 
preparation 
quality

Single-center 
prospective 
study

749 OR: 0.37 
(95%CI 
0.15–0.87) 
favoring 
high-quality 
preparation in 
detecting 
sessile 
adenomas

Male 
population 
exclusively
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Table 2.1 (continued)

Author (year) [ref] Method Study design N ADR Limitations
Calderwood (2015) 
[20]

Overall bowel 
preparation 
quality

Two-center 
retrospective 
cross-
sectional 
study

Center 
A: 3713

OR: 1.3 
(95%CI 
1.1–1.6) 
for good 
preparation

Retrospective 
study

Barcley (2006) [21] Withdrawal 
time

Prospective 
cohort study

2053 28.3 vs. 11.8% 
(mean WT: 
≥6 min vs. 
<6 min)

Study design

Jover (2013) [22] Withdrawal 
time

Multicenter 
prospective 
observational 
study

4539 OR: 1.51 
(95%CI 
1.17–1.96) 
for mean WT 
>8 min

Study design

Butterly (2014) 
[23]

Withdrawal 
time

Retrospective 
study

7996 OR: 1.50 
(95%CI 
1.21–1.85) for 
WT = 9 min

Study design. 
Withdrawal 
time recorded 
by performer

Lee (2013) [24] Withdrawal 
time

Retrospective 
study

31,088 42.5 vs. 47.1% 
(mean WT < 7 
vs. ≥11 min)

Study design. 
Only 
FOB- positive 
participants

Vavricka (2016) 
[25]

Withdrawal 
time

Single-center 
prospective 
study

355 vs. 
203

21.4 vs. 36% 
for monitored- 
unaware vs. 
monitored- 
aware 
performers

Short-term 
study

Kushnir (2015) 
[29]

Second RC 
inspection 
(second pass 
vs. 
retroflexion)

Two-center 
prospective 
randomized 
parallel 
controlled 
study

400 vs. 
455

46 vs. 47%, 
both methods 
leaded to 
incremental 
ADR

Academicals 
medical 
centers

Lee (2016) [30] Retroflexion 
following two 
forward- 
viewing RC 
examination

Single-center 
prospective 
cohort study

1020 25.5% after 
two FV 
examinations 
vs. 27.5% third 
pass with RV

Non-
randomized

Triantafyllou 
(2016) [31]

Retroflexion 
following 
forward- 
viewing RC 
examination

Single-center 
prospective 
cohort study

674 6.6% ADR 
increase

Non-
randomized

Ramirez (2011) 
[34]

Water-aided 
colonoscopy

Single-center 
randomized 
prospective 
study

177 vs. 
191

57.1% WAC 
vs. 46.1% AI

Single 
unblinded 
endoscopist

(continued)
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Table 2.1 (continued)

Author (year) [ref] Method Study design N ADR Limitations
Hsieh (2014) [36] Water-aided 

colonoscopy
Single-center 
prospective 
randomized 
study

90  
vs. 90 
vs. 90

Overall ADR: 
45.6% WI vs. 
56.7% WE vs. 
43.3% AIC

Single 
unblinded 
endoscopist

RC ADR: 
14.4% WI vs. 
26.7% WE vs. 
11.1% AIC

Cadoni (2014) [37] Water-aided 
colonoscopy

Two-center 
prospective 
randomized 
study

338  
vs. 334

25.8% WAC 
vs. 19.1% AI

Low ADR

Hsieh (2016) [38] Water-aided 
colonoscopy

Two-center 
prospective 
randomized 
study

217  
vs. 217 
vs. 217

Overall ADR: 
40.6% WI vs. 
49.8% WE vs. 
37.8 AI

Long WE 
insertion time

RC ADR: 
17.5% WI vs. 
21.7% WE vs. 
15.3% AI

Xu (2016) [39] Nurse 
participation

RCTs 
meta-analysis

1672  
(3 
studies)

45.7% nurse 
participating 
vs. 39.3% 
colonoscopist 
alone

Small number 
of RCTs 
included

Chalifoux (2014) 
[40]

Trainee 
participation

Single-center 
retrospective 
study

2250 SD group: 47% 
without trainee 
vs. 50% with 
trainee

Single-center 
study, lack of 
WT 
documentation

(SD: 
1080 
HD: 
1170)

HD group: 
51% without 
trainee vs. 63% 
with trainee

Buchner (2011) 
[41]

Trainee 
participation

Single-center 
retrospective 
study

2430 Overall ADR: 
26% without 
trainee vs. 30% 
with trainee

Lack of data 
regarding 
bowel 
preparation

Diminutive 
ADR: 17% 
without trainee 
vs. 25% with 
trainee

Gianotti (2016) 
[42]

Fellow 
participation

Single-center 
retrospective 
study

919  
vs. 
1806

25% without 
fellow vs. 36% 
with fellow 
with experience 
of >140 
colonoscopies

Low ADR of 
the attending 
only 
colonoscopy

ADR adenoma detection rate, WT withdrawal time, FOB fecal occult blood, RC right colon,  
FV forward-view, RV retroflexion-view, WAC water-aided colonoscopy, AI air insufflation, WE 
water exchange, WI water immersion, AI air insufflation, SD standard-definition, HD 
high-definition

V. Papadopoulos and K. Triantafyllou



17

2.2.1  Bowel Preparation

While bowel preparation prior to colonoscopy is described by many patients as the 
most difficult and unpleasant part of the procedure, inadequate bowel preparation has 
been linked to low ADR [11]. Bowel reparation is considered adequate when the 
endoscopist is allowed to detect lesions greater than 5 mm in size in every colon seg-
ment [12]. Recent guidelines by the European Society of Gastrointestinal Endoscopy 
[13] and the American Society for Gastrointestinal Endoscopy [14], regarding bowel 
preparation before colonoscopy, provide useful guidance on this matter. First, split-
dose preparation is strongly recommended, as it has been associated with ADR 
improvement [15]. The second dose of purgatives should be administrated between 
3 and 8 h prior the procedure according to ASGE and 4 h according to ESGE. Same-
day preparation should be encouraged only for colonoscopies scheduled in the after-
noon. Second, a low-residue diet is preferable the day before the examination. Third, 
oral and written instructions regarding preparation should be provided to each 
patient, emphasizing on the necessity of adequate bowel preparation. Finally, while 
4 L polyethylene glycol (PEG) is considered superior against all other bowel prepa-
ration compounds, the optimal choice of formulation should be individualized.

It seems logical that improving the bowel cleansing will yield higher ADRs. There 
is compelling evidence supporting this association [16, 17]. However, it is uncertain 
if there is any significant improvement in ADR as the degree of bowel cleanliness 
improves from good to excellent. A few studies have found that high- quality bowel 
preparation is associated with a superior detection of advanced adenomas and sessile 
serrated polyps [18, 19]. On the contrary, results from a retrospective study reported 
only marginal decrease in ADR at the highest levels of bowel cleansing [20]. Authors 
suggested that an excellent preparation may provide a false sense of overconfidence 
to endoscopists and led to less meticulous inspection of the colonic mucosa.

2.2.2  Withdrawal Time

Various studies have detected that longer time of withdrawal is associated with 
higher ADR [21, 22]. Current guidelines recommend that 6 min is the minimum 
length of time that allows adequate observation of the colonic mucosa during the 
instrument withdrawal [10], while a longer withdrawal time of 9  min further 
increases ADR [23]. On the other hand, a withdrawal time prolonged beyond 10 min 
is associated with a minimal increase in ADR [24].

It is important to state that endoscopists who take longer to withdraw the endo-
scope do not necessarily have a high-quality colonoscopic withdrawal technique. The 
withdrawal time should be spent carefully to improve the visualization of the colonic 
mucosa. Examination of the proximal sides of flexures and folds, thorough washing 
of the mucosa and suction of debris, alert visualization, and adequate distention of 
colon are of paramount importance. Additionally, systematic monitoring of the with-
drawal time may improve ADR as it has been shown that ADR increases significantly 
when endoscopists are aware of being supervised during the examination [25].

2 Methods to Improve the Adenoma Detection Rate
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2.2.3  Second Right Colon Inspection

Incontrovertible evidence point out that colonoscopy is less effective in prevent-
ing right-sided colon cancer [26]. Several reasons could be held accountable. 
First, right-sided polyps are mostly serrated lesions and adenomas with flat mor-
phology and thus more difficult to detect. In addition, polyps are frequently 
located on the proximal aspects of haustral folds and the area around the hepatic 
flexure. These sites often remain hidden from standard forward-viewing colono-
scopes. Therefore, it is essential to improve the performance of colonoscopy in 
the proximal colon. A simple and inexpensive method of improving the diagnostic 
yield of the procedure is the second inspection of the right colon, either by imple-
mentation of the retroflexion maneuver [27] or by a second forward-view exami-
nation [28]. Results from a prospective study reported that using either one of the 
aforementioned techniques has incremental benefit on ADR [29], while another 
study demonstrated that retroflexion in the proximal colon achieves higher ADR, 
even after two consecutive forward-view examinations [30]. On the contrary, a 
prospective cohort study that included 674 procedures did not demonstrate any 
significant benefit regarding right colon adenoma detection by the implementation 
of the retroflexion maneuver [31].

2.2.4  Water-Aided Colonoscopy

Water infusion methods including the water immersion (WI) and the water 
exchange (WE) have been proposed to decrease discomfort and minimize sedation 
use during colonoscopy [32]. Both methods infuse water to distend colon during 
insertion. In WI, infused water is adjunct to air insufflation, and it is removed pre-
dominantly during withdrawal of the scope. In WE, added water is immediately 
removed during insertion and combined with exclusion of air insufflation and suc-
tion of residual air.

Apart from that, water-aided colonoscopy has demonstrated further advantages. 
Several studies including systematic reviews have compared the water infusion 
methods with standard air insufflation, evaluating among others screening efficacy 
[33–35]. Water-aided colonoscopy was associated with a higher ADR, particularly 
in the right colon [34, 36, 37]. These results can be explained by the observation that 
intermittent water infusion may clean the mucosa better and thus allow the endos-
copist to devote a greater proportion of the withdrawal time to inspection. 
Furthermore, polyps are prone to better visualization in a water-filled colon because 
of being less flattened, combined with the magnifying effect of water.

Finally, a head-to-head prospective randomized study with ADR as primary out-
come found that WE compared with air insufflation significantly increased ADR 
(49.8 vs. 37.8%, p = 0.016), while there was no difference between WE and WI 
[38]. Authors suggested that the role of WE method in CRC prevention should be 
further assessed. However, ADR improvement can be attributed to the longer WE 
insertion time, thus longer inspection time.

V. Papadopoulos and K. Triantafyllou
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2.2.5  Second Investigator

The presence of an endoscopy nurse or trainee during colonoscopy can improve 
ADR. Several explanations have been proposed for this association. Even when a 
lesion is within the field of view, the endoscopist may miss it. This may be due to 
fail to detect change in the visual field as long as the change occurs during an eye 
movement or interruptions of visual scanning. Addition of a second observer may 
improve the attentiveness of the endoscopist, due to a form of competition between 
the two observers.

A meta-analysis of three randomized controlled trials evaluating nurse participa-
tion in colonoscopy observation showed a significant higher ADR in the nurse pres-
ence group than endoscopist alone (45.7 vs. 39.3%) [39]. Results in trainees’ 
participation studies are similar. In a retrospective study, trainee participation during 
screening colonoscopies, performed with standard or high-definition colonoscopes 
significantly improved ADR but only when colonoscopies were performed with high-
definition scopes [40]. In a similar manner, results from a retrospective study showed 
that trainee participation improves only detection of diminutive adenomas (<5 mm) 
[41]. Of note, ADR of fellows who had performed >140 colonoscopies under attend-
ing supervision has been found to exceed that of the attenders (36 vs. 25%, p < 0.0001) 
[42]. In conclusion, it is difficult to evade the conclusion that routine observation of 
colonoscopy withdrawal by a second investigator can improve ADR.

2.3  Technological-Related Factors

2.3.1  Accessory Devices

During the last decade, several endoscopic innovations aiming to enhance visualiza-
tion behind colonic folds and curves have been developed. We will describe the 
main accessory devices that either flatten colonic folds or enable a direct view 
behind them. The current evidence is summarized in Table 2.2.

2.3.1.1  Cap-Assisted Colonoscopy
A transparent plastic cap is attached to the distal tip of the colonoscope in cap- 
assisted colonoscopy (CAC), depressing the haustral folds and improving mucosal 
exposure. Moreover, the cap retains the tip of the scope a sufficient distance away 
from the mucosa allowing the endoscopist to preserve a continuous visual area 
around the colonic bends. The diameter of the cap depends on the size of the scope, 
while cap protrusion varies from 2 to 10 mm with 4-mm-long cap used in most stud-
ies. In recent years, cap utilization has become popular among endoscopists, espe-
cially trainees, as this technique decreases patient discomfort and cecal intubation 
time [43], while it increases cecal intubation rate [44].

However, there are conflicting data regarding the impact of cap utilization in 
ADR. There is some evidence that cap-fitted colonoscopy is more effective than 
standard colonoscopy (SC) in terms of ADR (69 vs. 56%, p = 0.009) [45], especially 
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Table 2.2 Studies evaluating the impact of add-on devices and new endoscopes on adenoma 
detection rate

Author (year) 
[ref] Technology Study design N

ADR 
(%)

AMR 
(%) Limitations

Rastogi (2012) 
[45]

CAC vs. SC Single-center 
prospective 
randomized 
parallel design

210 vs. 
210

69 vs. 
56

NA Investigator 
bias in favor 
of CAC

Kim (2015) [46] CAC vs. SC Single-center 
retrospective 
parallel design

515 vs. 
508

35.7 
vs. 
28.3

NA Longer 
withdrawal 
time in CAC 
group

Pohl (2015) [47] CAC vs. SC Two-center 
randomized 
parallel design

561 vs. 
552

42 vs. 
40

NA Limited prior 
experience 
with cap

Lee (2009) [48] CAC vs. SC Two-center 
prospective 
randomized 
parallel design

499 vs. 
501

30.5 
vs. 
37.5

NA Inadequate 
sample

Ng (2012) [49] CAC vs. SC Meta-analysis 726 vs. 
707 (six 
studies)

46.8 
vs. 
45.3

NA Absence of 
polyp histology 
in most studies

Lenze (2014) 
[51]

Endocuff Single-center 
retrospective

50 34 NA No comparator

Biecker (2015) 
[52]

Endocuff 
vs. SC

Two-center 
prospective 
randomized 
parallel design

245 vs. 
253

36 vs. 
28

NA Small sample. 
Withdrawal 
times not 
measured

Floer (2014) [53] Endocuff 
vs. SC

Multicenter 
prospective 
randomized 
parallel design

249 vs. 
242

35.4 
vs. 
20.7

NA Small sample

Van Doorn 
(2015) [54]

Endocuff 
vs. SC

Two-center 
prospective 
randomized 
parallel design

504 vs. 
529

54 vs. 
53

NA Inadequate 
sample. Study 
restricted on 
experts

Chin (2016) [55] Endocuff 
vs. SC

Meta-analysis 4387 
(eight 
studies)

50.4 
vs. 
43.3

NA Tandem studies 
not included

Triantafyllou 
(2016) [56]

Endocuff 
vs. SC

Multicenter 
prospective 
randomized 
tandem study

100 vs. 
100

NA 14.7 
vs. 
37.6

ADR not 
measured

Dik (2015) [58] EndoRings 
vs. SC

Multicenter 
prospective 
randomized 
tandem study

57 vs. 
59

49.1 
vs. 
28.8a

10.4 
vs. 
48.3

Inadequate 
sample to 
measure ADR

Granlek (2014) 
[59]

G-EYE Single-center 
prospective 
cohort

47 44.7 NA No comparator
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in the right colon (29 vs. 16.9%, p < 0.001) [46]. On the other hand, a large random-
ized study comparing CAC to standard colonoscopy failed to find any difference in 
ADR between the two procedures (42 vs. 40%, p = 0.452) [47]. Furthermore, a 
study reported that the ADR in CAC group was significantly lower than that in the 
standard group (30.5 vs 37.5%, p = 0.02), thus questioning its efficacy [48].

To overcome these conflicting results, a meta-analysis of 16 randomized clinical 
trials including 8991 patients aiming to evaluate the efficacy of CAC compared to 
that of standard colonoscopy in polyp detection and cecal intubation time was con-
ducted [49]. Among the 16 studies, only six reported on ADR as an outcome. 
Authors concluded that there was no significant difference in terms of ADR between 
CAC and SC (46.8 vs. 45.3%) although a higher proportion of patients with polyp(s) 
were detected in the CAC group. In subgroup analysis, a short cap (≤4 mm) signifi-
cantly increased polyp detection, whereas a long cap (≥7 mm) significantly reduced 
cecal intubation time, as well as, total colonoscopy time.

Table 2.2 (continued)

Author (year) 
[ref] Technology Study design N

ADR 
(%)

AMR 
(%) Limitations

Halpern (2014) 
[60]

G-EYE 
vs. SC

Multicenter 
prospective 
randomized 
parallel design

54 vs. 
52

40.4 
vs. 
25.9

7.5 
vs. 
44.7

Inadequate 
sample to 
measure ADR

Rubin (2015) 
[61]

TEP/SCb Single-center 
prospective 
feasibility

33 44 NA No comparator

Granlek (2014) 
[63]

FUSE vs. SC Multicenter 
prospective 
randomized 
tandem study

101 vs. 
96

34 
vs. 
28a

7  
vs. 
41

Inadequate 
sample to 
measure ADR

Papanikolaou 
(2017) [64]

FUSE 
vs. SC/R

Two-center 
prospective 
randomized 
tandem study

107 vs. 
108

NA 10.9 
vs. 
33.7

ADR not 
measured. 
Protocol 
violation cases 
replaced with 
new ones

Hassan (2016) 
[65]

FUSE vs. SC Multicenter 
prospective 
randomized 
parallel design

328 vs. 
330

43.6 
vs. 
45.5

NA Inadequate 
sample size for 
primary 
endpoint. Only 
FIT-positive 
cases. Only 
expert 
endoscopists

NA non-applicable, ADR adenoma detection rate, AMR adenoma miss rate, SC standard colonos-
copy, SC/R standard colonoscopy plus examination of the right colon with scope retroflexion,  
TEP third-eye panoramic view, CAC cap-assisted colonoscopy, FUSE full-spectrum endoscopy 
system
aRefers to the first of the tandem examinations
bConcomitant use of TEP and SC
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In conclusion, although cap utilization may be beneficial for young endoscopists, 
cap-assisted colonoscopy has a marginal benefit only in polyp detection rate.

2.3.1.2  Endocuff
In 2011, a new endoscopic device aiming to improve ADR and control of the tip of 
the colonoscope was introduced. The Endocuff (EC; Arc Medical Design Ltd., 
Leeds, England) is a 2-cm-long cap designed to be attached to the tip of colono-
scope. It features two circular rows of soft and flexible arms that remain flattened 
during insertion and protrude out on withdrawal, straightening the mucosal folds. 
More thoroughly, during forward motion, the elastic slim projections of the cuff are 
hinged at their bases to not interfere with colonic mucosa. However, ileal intubation 
may be more difficult. During withdrawal, the wings project out due to contact with 
the colonic mucosa, stabilizing the position of the endoscope in the center of the 
lumen and spreading out the colonic folds. Therefore, the proximal side of the folds 
is exposed, and previously hidden polyps may now be detected (Fig. 2.1).

EC was initially used as a stabilizing tool for complex polyp resection in the 
sigmoid colon [50]. In 2014, the first study evaluating EC-assisted colonoscopy was 
published [51]. The ADR was 34% and reached 41% in the subgroup of screening 
colonoscopy, while 42% of the adenomas were located in the right colon. Since 
then, various studies have been conducted comparing EC-assisted versus standard 
colonoscopy. Two of them associated the use of EC with a higher ADR [52, 53], 
while no difference between the two groups regarding the ADR was reported in one 

a b

c d

Fig. 2.1 Endocuff (Arc Medical Design Ltd., Leeds, UK) (a, b); mounted on the colonoscope 
(c); during scope withdrawal the device flattens the colonic folds and its projections may become 
 visible (d)
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large randomized controlled trial [54]. Finally, a meta-analysis including eight stud-
ies which reported ADR as an outcome and 4387 patients has shown superiority of 
EC-assisted colonoscopy in relation to ADR [55]. A recently presented multicenter 
tandem study showed for the first time that EC use was related with lower rates of 
missed adenomas compared to SC (14.7 vs. 37.6%, p = 0.0004) [56].

Τhe most commonly reported complication of the EC use is minor mucosal lac-
erations without any clinical impact. The new version of EC, Endocuff Vision, has 
one single row of more rounded and longer projections, thus minimizing the muco-
sal injury and delivering a better tip control. A prospective, multicenter, randomized 
controlled trial is currently comparing Endocuff Vision-assisted versus standard 
colonoscopy in terms of ADR [57].

2.3.1.3  EndoRings
The EndoRings device (EndoAid Ltd., Caesarea, Israel) is another easy-to-use 
endoscopic add-on attachment with design and use similar to EC, except that it 
consists of two circular rows of flexible rings. It is mounted on the tip of a colono-
scope and, during withdrawal, mechanically stretches the colonic folds and pro-
vides centering and control of the endoscope (Fig. 2.2). Α multicenter, randomized, 
tandem colonoscopy study demonstrated that EndoRings-assisted colonoscopy has 
significantly lower polyp and adenoma miss rate than standard colonoscopy [58]. 
Also, ADR of the first-pass colonoscopy was higher with EndoRings than without it 
(49.1 vs. 28.8%, p = 0.025).

2.3.1.4  Balloon-Assisted Colonoscopy
A novel balloon-colonoscope system (NaviAid G-EYE; Smart Medical Systems, 
Ra’anana, Israel) has been recently introduced. The G-EYE system consists of a 
standard colonoscope of any brand and model and a reusable and inflatable balloon 
that is permanently integrated 1–2 cm behind its distal end. The balloon is inflated 
through a dedicated inflation system (NaviAid SPARK2C) that enables, beyond 
anchoring pressure, three additional intermediate pressure levels and can reach a 
maximal diameter of 60 mm, when fully inflated. Balloon inflation and deflation is 

Fig. 2.2 EndoRings (EndoAid Ltd., Caesarea, Israel) mounted on the scope flattens the colonic 
folds during withdrawal, thus exposing more mucosal area to be examined. Image provided cour-
tesy of EndoAid Ltd., Caesarea, Israel
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controlled by a foot pedal. When deflated, the diameter of the scope is about 0.1 mm 
larger than the conventional colonoscope (Fig. 2.3).

During colonoscopy, the scope advances with the balloon deflated. When cecum 
is reached and examined, the balloon is partially inflated and the balloon colono-
scope is withdrawn by the endoscopist like a standard procedure. Withdrawal of the 
partially inflated balloon flattens the haustral folds, keeps the scope at the center of 
the lumen, and inhibits bowel slippage during withdrawal. This fold-flattening 
effect facilitates visualization of the colonic mucosa behind the folds, to increase 
polyp detection. Moreover, anchoring pressure is enabled when longer stabilization 
of the colonoscope is needed (e.g., during therapeutic interventions).

A prospective, pilot study tested the safety and feasibility of the G-EYE balloon 
colonoscope in 50 patients [59]. Authors reported that balloon-assisted colonoscopy 
had an ADR of 44.7%, and the results of this study were very promising. 
Consequently, a multicenter, randomized controlled trial with tandem design dem-
onstrated that balloon-assisted colonoscopy was superior to standard colonoscopy 
regarding adenoma detection (40.4 vs. 25.9%), especially in the ascending colon 
(40.5 vs. 23.8%) [60]. Authors concluded that this fold-flattening device, due to its 
increased diagnostic yield, has the potential to reduce interval CRC and, therefore, 
to fit in the screening programs of endoscopic units.

2.3.1.5  Third-Eye Panoramic
The Third-Eye Panoramic device (TEP; Avantis Medical System, Sunnyvale, USA) is 
a novel resposable device that enables direct visualization behind colonic folds and 
flexures. TEP consists of a plastic cap with two video cameras, illuminated by LEDs 
and directed sideways from its right and left sides, and a flexible plastic catheter con-
taining a video transmission wire. The cap is attached to the tip of any standard 
 colonoscope and holds in place the catheter, which runs alongside the shaft of the 
endoscope. The proximal end of the catheter plugs into the video processor unit of 
the colonoscope, and the two lateral images of the TEP are displayed on each side of 

Fig. 2.3 The NaviAid G-EYE (Smart Medical Systems, Ra’anana, Israel). Image provided 
 courtesy of the company
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the scope’s forward image, creating a panoramic video image of more than 300°. This 
wide-angle view allows inspection of the colonic mucosa behind folds and flexures.

A feasibility study [61] reported on the safe and effective use of TEP in 33 
patients. TER enabled the visualization of polyps and diverticula which were not 
initially seen with the scope’s forward view. The overall ADR was 44%, but further 
studies comparing the TEP-assisted to standard colonoscopy, as well as other 
devices designed to improve ADR, are required.

2.3.2  Wide-Angle Viewing Colonoscopes

Currently, one wide-angle view, the FUSE (EndoChoice, Alpharetta, GA, USA) plat-
form is marketed, while another prototype is close to reach the endoscopy market. The 
evidence on the performance of these instruments is also summarized in Table 2.2.

2.3.2.1  Full-Spectrum Endoscopy System
Full-Spectrum Endoscopy (FUSE; EndoChoice, Alpharetta, GA, USA) platform 
consists of a video colonoscope and a main control unit. This novel endoscope has 
a high-resolution 330° field of view with maintenance of all standard colonoscope 
capabilities. The full-spectrum view is achieved by using three imagers and light- 
emitting diode groups positioned at the front and both sides of the forward tip of the 
scope. Obtained images are displayed on three side-by-side contiguous monitors, 
thereby creating the 330° field of view and improving visualization of the mucosa 
behind colonic folds (Fig. 2.4).

Fig. 2.4 Field view comparison between the standard colonoscope and the full-spectrum endoscopy 
(EndoChoice, Alpharetta, GA, USA). The panoramic 330° of view gives the opportunity to identify 
lesions with the lateral lenses during withdrawal. Image provided courtesy of the company
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Following a successful feasibility study in human subjects [62], an international, 
multicenter, randomized, tandem study compared the adenoma miss rates of FUSE 
colonoscopy with those of standard colonoscopy [63]. Per-lesion analysis in 185 
patients showed that adenoma miss rate with FUSE colonoscopy was significantly 
lower than that with standard procedure (7 vs. 41%, p < 0.001). Moreover, FUSE 
detected significantly more adenomas than SC (69% additional adenomas), and 
most adenomas missed by SC and subsequently detected by FUSE were located in 
the right colon. In terms of ADR, there was no statistically difference between the 
two groups due to the small sample size. A recently published study, with similar 
design to the aforementioned trial, reported a considerably lower overall (10.9 vs. 
33.7%, p < 0.001) and proximal adenoma miss rate (13.9 vs. 42.2%, p = 0.006) with 
FUSE [64]. It should be mentioned that standard colonoscopy was performed with 
the addition of right colon reexamination with scope retroflexion.

On the other hand, a large parallel design randomized study enrolling 658 
patients undergoing colonoscopy with positive fecal immunochemical test (FIT) 
demonstrated that FUSE colonoscopy does not increase ADR [65]. More detailed, 
FIT-positive patients were randomized to undergo either FUSE colonoscopy or 
SC. No difference in ADR and advanced ADR was detected between the two groups 
(FUSE 43.6% and 19.5% vs. SC 45.5% and 23.9%, respectively). The inconsistency 
between the results of this study and the aforementioned tandem studies could be 
explained by the study design. Parallel group design may be preferable for clinical 
practice as it compares ADR, but it requires a much larger sample size to achieve 
adequate statistical power than that of the aforementioned trial [66].

2.3.2.2  Extra-Wide-Angle-View Colonoscope
Extra-wide-angle view colonoscope (Olympus, Tokyo, Japan) is a novel colono-
scope with a 13.9-mm tip diameter and a 144–232°-angle backward-lateral view 
lens in addition to a standard 140°-angle forward-view lens, accompanied by a 
180-series processor. The lateral-backward viewing lens is projected in a convex 
way from the tip of the scope. Images from both lenses are simultaneously pre-
sented as a single image on a video monitor. Thus, an extensive surface of colonic 
mucosa is inspected allowing a more meticulous colon examination.

In a single-arm feasibility study assessing the efficacy and safety of this proto-
type colonoscope [67], all adenomatous lesions found in the sigmoid colon were 
first detected by the lateral-backward viewing lens. However, further studies appro-
priately designed to evaluate the utilization of this novel scope are needed.

2.4  Summary

Colonoscopy is the gold standard for colorectal cancer screening, although a sub-
stantial proportion of adenomas are missed during the procedure. ADR is the pri-
mary quality indicator to measure effective colonoscopy, and there is an inverse 
association between interval CRC and ADR. In addition to inborn incommensurable 
endoscopy skill, various methods have been featured to optimize ADR. Adequate 
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bowel preparation, sufficient withdrawal time exceeding the 6  min, and second 
visualization of the right colon are among others easy-to-follow procedural factors 
that have demonstrated ADR improvement. During the last years, several endo-
scopic technologies have been developed to optimize visualization of the colonic 
mucosa. Although most of them have demonstrated impressive results regarding 
polyp detection, their impact in clinical practice is still questionable. Beyond addi-
tional costs and training requirements, all these modalities have not proved a signifi-
cant impact on CRC prevention yet, since the advantage of detecting additional 
lesions is restricted to small, non-advanced adenomas, so far.

Conflict of Interest Statement The authors declare no conflict of interest related to this 
publication.
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3.1  Chapter

The progress in endoscopy, from forceps biopsy to advanced optical diagnosis, has 
led to several changes in the clinical and pathological approach of colorectal tumors. 
Nowadays, advanced optical diagnosis offers the possibility to spot irregular, ele-
vated, or depressed mucosal areas or alterations of the vascular pattern (lack or 
increase thereof), making it possible to obtain an easier identification and a better 
characterization of preneoplastic lesions. It is now possible to correlate the glandu-
lar and vascular architecture to the histological pattern, so as to be able to under-
stand in advance the degree of neoplastic infiltration and plan the correct therapeutic 
approach (e.g., endoscopic resection vs. surgical resection).

Endoscopic detection and resection of superficial colon lesions are now consid-
ered the gold standard for colorectal cancer (CRC) prevention. In fact, it is well 
known that CRC arises from precancerous (adenomatous) lesions mainly through 
the “adenoma-carcinoma sequence” and that removing adenomatous polyps can 
alter this pathway. Moreover, in recent years a different pathway through the sessile 
serrated adenoma/polyp (SSA/P) sequence has also been recognized as a precursor 
of colorectal cancer, but spotting and classification of these lesions have proved 
more difficult to perform, compared to the traditional adenomas [1, 2].

An explicit recognition goes together with a correct classification of the lesions. 
According to the most accepted classification, the Paris classification, mucosal 
lesions are categorized as protruding or polypoid (≥2.5 mm above the mucosal layer 
or type I), non-protruding or non-polypoid (<2.5 mm above the mucosal layer or type 
II) and excavated (type III) [3, 4]. Polypoid types are subdivided into pedunculated 
(0-Ip), sessile (0-Is), or mixed (0-Isp) while non-polypoid as slightly elevated (0-IIa), 
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flat (0-IIb), or slightly depressed (0-IIc) [3, 4] (Fig. 3.1). The threshold of 2.5 mm, 
which corresponds to the height of a closed biopsy forceps, is entirely arbitrary and 
is one of the pitfalls for nonexpert endoscopists. For example, only recently the valid-
ity and reproducibility of the Paris classification have been assessed, exposing a 
barely moderate intra-observer pre- and post-digital training agreement (Fleiss kappa 
of 0.42 and a mean pairwise agreement of 67%) with the lower concordance in the 
proportion of lesions assessed as “flat” [5]. Also, slightly elevated (0-IIa) lesions are 
often misclassified as sessile (0-Is), as demonstrated by the histopathological revi-
sion of 933 adenomas found in the National Polyp Study, initially classified as ses-
sile. Of those, 474 were reclassified as flat adenomas [6].

The laterally spreading tumor (LST), firstly recognized by Kudo as a subtype of 
non-polypoid lesions [7], is a large (>10 mm) flat superficial lesion that grows later-
ally along the surface of the colon, in opposition to polypoid (upward growth) or flat 
lesions (downward growth). LST is divided into the granular (LST-G) and non- 
granular type (LST-NG), according to the presence/absence of conglomerates of 
nodules [3, 4]. The previous literature showed a different distribution of LST along 
the colon, being the LST-G type the most frequent macroscopic finding in the rec-
tum, whereas LST-NG was detected more frequently in the colon. Moreover, the 
LSTs in the rectum were significantly larger and with a higher incidence of high- 
grade dysplasia than those found in the colon [8, 9].

Kudo et al. showed the importance of non-polypoid lesions (NPL) for the first 
time in the 1990s in Japan [10, 11]. These eventually became relatively common 
also in Western countries, with a prevalence ranging from 5 to 36% [12, 13]. In 
2010, a large Italian multicenter study that analyzed data from 27.400 colonosco-
pies confirmed that their prevalence was at 5.3% and showed that NPLs accounted 
for 25.9% of all neoplasms detected during endoscopic examination. Authors also 
found that NPLs were more common in the right colon compared to polypoid 
lesions (48.9% vs. 31.7%) and that the risk of advanced histology was not related to 
morphology (NPL vs. polypoid), except for depressed subtypes (p < 0.001) [13].

Generally speaking, whether polypoid (e.g., protruding) and non-polypoid (e.g., 
flat) lesions should be regarded as different endoscopic entities is still a matter of 
debate [14]. Compared to polypoid lesions, NPLs are more frequently located in the 
right colon and in older patients. Further, they carry a higher risk of deeper 
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Fig. 3.1 Non-polypoid lesions according to the Paris classification
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invasions (only for depressed subtype) and require dedicated endoscopic techniques 
to be removed endoscopically [15]. In a recent retrospective study, the authors ana-
lyzed 5.768 colonoscopies to detect the clinical characteristics of post-colonoscopy 
advanced neoplasms within 5.5 years from the primary colonoscopy. They found 
that the incidence of NPL in the post-colonoscopy advanced neoplasms (25.6%, 
41/160) was statistically higher than that in the primary lesions (12.3%, 67/545, 
p  <  0.001), suggesting that endoscopists should reserve extra attention to non- 
polypoid, right-sided lesions [16]. Moreover, a recent multicenter retrospective 
study found that supplementary factors can influence the recognition of flat lesions. 
In the multivariate analysis the authors showed that older age, presence of concomi-
tant protruding adenomas, poor bowel preparation, smaller adenoma size, location 
in the right colon, insufficient experience of the endoscopists, and withdrawal 
time < 6 min were associated with an increased missing rate for flat adenomas [17].

Lesions suitable for endoscopic resection are those confined to the mucosa (or 
superficial layer of submucosa in selected cases), whereas deeper invasion makes 
endoscopic therapy infeasible [18].

In the early 1990s, Kikuchi et al. [19] classified the submucosal invasion into 
three levels: Sm1, invasion into the upper third of the submucosa; Sm2, invasion 
into the middle third of the submucosa; and Sm3, invasion into the lower third of the 
submucosa. This classification, together with the Haggitt classification, has been 
shown to correlate with the risk of lymphonode metastasis, being 1–3% in Sm1 
lesions, 8% in Sm2 lesions, and 23% in Sm3 lesions [20].

Hence, it is essential to learn how to differentiate benign lesions from cancers 
before undertaking endoscopic resections [21]. Simple random biopsies of flat 
lesions should be avoided because biopsies may miss cancer in a large polyp or a flat 
lesion; also, biopsies may cause submucosal fibrosis and preclude safe and com-
plete resections in the future. The effects of prior biopsy sampling on endoscopic 
resection have been recently evaluated via analyses of 132 non-pedunculated 
colorectal lesions ≥20 mm: 46 lesions without any prior manipulation, 44 with only 
prior biopsy sampling, and 42 with prior advanced manipulation, including tattoo 
and/or snare sampling. The en bloc resection rate was observed in 34.8% of cases 
for non-manipulated lesions, in 15.9% for lesions with prior biopsy sampling, and 
in 4.8% for lesions with prior advanced manipulation (p = 0.001). Complete endo-
scopic resection without the need for ablation of visible residual was performed in 
93.5% of the non-manipulated lesions, 68.2% of lesions with prior biopsy sampling, 
and 50% of lesions with prior advanced manipulation (p < 0.001). Recurrence rates 
were 7.7, 40.7, and 53.8% in the three groups (p = 0.001) [22].

In flat lesions, some endoscopic signs may be regarded as in vivo predictors of 
deeper submucosal invasion (Sm 2/3), such as expansive appearance, deep depres-
sion surface, irregular bottom of depression surface, folds converging toward the 
tumor, and nodule >10 mm [23].

Furthermore, the diffusion of advanced endoscopy techniques can help to iden-
tify invasive lesions with a specificity higher than 98%, avoiding useless endoscopy 
resections and giving instead immediate indication to surgery [23–28]. In fact, the 
use of advanced optical techniques has been shown to be an effective adjunct to 
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discriminate among hyperplasic lesions, adenomas with dysplasia, and invasive 
cancer. The rationale behind the widespread use of advanced imaging is its ability 
to correctly classify superficial lesions according to their risk of mucosal/submuco-
sal invasion and to avoid the risk of over- or under-endoscopic treatment.

Chromoendoscopy made its first appearance in the literature in the 1970s. This 
technique, based on the use of contrast dyes to improve the detection of mucosal 
abnormalities, was additionally implemented by the use of magnifying endoscopy 
(or magnifying chromoendoscopy). This adjustable focusing mechanism enlarges 
the image from 1.5× to 150× in order to visualize fine details of mucosal surface 
pattern and vascular architecture. Kudo et al. in 1996 first described the application 
of magnified endoscopy to classified colorectal polyps according to their appear-
ance, structure, and staining patterns by studying the orifices of the colonic crypts 
“pit” to distinguish neoplastic and non-neoplastic polyps [29]. Additionally, revi-
sions of the original Kudo classification subclassified the type V pit pattern into type 
Vi (irregular) and type VN (nonstructural), as type VI has been shown to be an index 
of adenoma with severe dysplasia or Sm1 carcinoma, while type VN is an indicator 
of invasion more than Sm1 [30, 31] or, according to the criteria of Nagata et al., on 
the basis of the appearance of the VN pit pattern into three types (A–C) with regard 
to the invasion depth [32]. To date, several trials have demonstrated that Kudo’s pit 
pattern classification (Fig. 3.2) is a highly accurate diagnostic method to differenti-
ate neoplastic from non-neoplastic lesions. This was confirmed by a recent meta- 
analysis showing that Kudo’s classification has a pooled sensitivity of 89.0 and 
85.7% specificity for the diagnosis of colorectal neoplastic polyps [33, 34].  

Type I Type II Type IIIL

Type IIIS Type IV Type V

Fig. 3.2 Pit pattern according to the Kudo classification
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Also, the efficacy of magnification chromoendoscopy was specifically tested for the 
endoscopic assessment of submucosal invasion in flat and depressed colorectal 
lesions in different clinical trials, showing a 97% sensitivity in predicting Sm2 inva-
sion but with a lower overall specificity (50%) [25] and a PPV of 79% and a NPV 
of 98% [26], confirming that the routine use of chromoendoscopy in routine prac-
tice is still disputable [35, 36].

Narrowband imaging (NBI), developed by Sano et al. in 1999, is a high- resolution 
endoscopic technique that enhances the fine structure of the mucosal surface with-
out the use of dyes [37]. Unlike chromoendoscopy that requires experience, is time- 
consuming, and is expensive, NBI and other digital chromoendoscopy techniques 
(e.g., FICE and I-Scan) are computed virtual chromoendoscopies that allow, via a 
touch-button technology, to obtain a more definite visualization of gastrointestinal 
superficial lesions. Narrowband imaging (NBI; Olympus Inc., Hauppauge, NY, 
USA), flexible spectral imaging color enhancement (FICE; Fujinon Inc., Saitama, 
Japan), and I-Scan (Pentax Inc., Tokyo, Japan) are the most widely used and com-
mercially available methods.

NBI technology uses short-wave blue and green light sources and blocks red 
wavelengths, improving the visualization of mucosal vessels, which are frequently 
altered in form, density, and size in colorectal lesions [38]. Also, if employed with 
zoom endoscopy, it enables the analysis of pit pattern subtypes. The use of NBI 
technique has validated different classifications. The most widely used classifica-
tion by Western endoscopists is the NICE classification, based on the color, vessels, 
and surface pattern on endoscopy [39, 40] (Fig. 3.3). In Japan, beginning with the 
Sano classification, which was the first published NBI magnifying endoscopic clas-
sification [41, 42], many other ones were validated, such as the Hiroshima and 
Showa classifications, and published in 2008 and 2009, respectively. The latter 
added the characteristics of the surface pattern to the vascular findings on NBI 

Type 1
Hyperplastic*

Type 2
Adenoma*

Type 3
Deep submucosal
Invasive cancer*

None or isolated lacy
vessels

Brown vessels surrounding
white structures

*most likely pathology

Areas of disrupted
or missing vessels

Fig. 3.3 Endoscopy findings of NICE classification
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magnifying endoscopy. To unify and simplify the use of different scales, in 2009 a 
simple NBI endoscopic classification of colorectal tumors, called the JNET classi-
fication, was created [43].

However, regardless of the classification used, mixed results have been associ-
ated with the use of NBI in the colon for adenoma detection. In a meta-analysis in 
2012, Pasha et al. showed no significant difference between the use of high- definition 
NBI (HD-NBI) and high-definition white light endoscopy (HD-WLE) in patients 
undergoing screening/surveillance colonoscopy with regard to the detection of any- 
size adenomas, adenomas smaller than 10 mm, or flat adenomas nor in the miss rate 
of colon polyps or adenomas [44]. Interestingly, a subsequent trial by Adler et al. 
suggested that NBI does not increase the adenoma detection rate per se, but it could 
induce a “learning effect” in detecting subtle lesions with traditional WLE, since 
detection improved in the WLE group as the study progressed [45]. Conversely, 
NBI appears to be more useful in the characterization of neoplastic superficial 
lesions with an overall sensitivity of 91.0%, specificity of 82.6%, and NPVs exceed-
ing 90% when 60% or less of all polyps were neoplastic. Noteworthy is the fact that 
the surveillance intervals based on NBI endoscopic diagnosis agreed with  pathology 
in 92.6% of patients [46].

Unlike NBI, which uses physical filters, FICE and I-Scan are based on a software 
technology that achieves vascular enhancement with the use of postprocessor tech-
nology. Fewer trials have been published with the aim of validating these technolo-
gies, and based on those published they do not seem to improve the overall adenoma 
detection rate (ADR) nor the detection of subtypes of adenomas, although they 
appear as reasonably accurate for characterization of colorectal lesions [47, 48].

Finally, advanced endoscopy techniques include the confocal laser endomicros-
copy (CLE), a novel optical biopsy procedure designed to provide in vivo histology 
and facilitate diagnosis with real-time intervention, thus avoiding biopsy samples 
[49]. A meta-analysis has assessed the accuracy of CLE in the in vivo prediction of 
colorectal lesions histology. Results showed that the weighted and total pooled 
result for sensitivity was 81%, whereas it was 88% for specificity. As a consequence, 
CLE could be regarded as a valuable in vivo endoscopic method to distinguish neo-
plastic from nonneoplastic lesions [50].

When the endoscopy resection is considered possible, the dimensional criteria 
of the lesion and the operator’s expertise should define which type of technique 
to use: endoscopic mucosal resection (EMR) or endoscopic submucosal dissec-
tion (ESD). Lesions smaller than 2 cm can be safely removed by EMR en bloc, 
while larger lesions should be removed by EMR piecemeal or by ESD en bloc. In 
fact, although ESD has a longer procedure time and a higher perforation rate for 
lesion ≥20 mm, its use gives a higher rate of en bloc resection, compared with 
EMR [51, 52].

A meta-analysis comparing ESD and EMR (six retrospective case-control stud-
ies, four in Japan, and two in South Korea, for a total of 1642 lesions) described 
better results with ESD compared to EMR in term of en bloc resection [OR = 7.94 
(95%CI, 3.96–15.91)], local recurrence [OR = 0.09 (95%CI, 0.04–0.19)], and his-
tological (R0) resection [OR = 1.65 (95%CI, 0.29–9.30)], yielding no difference in 
procedure-related complication [OR = 1.59 (95%CI, 0.92–2.73)] [53].
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However, the EMR piecemeal technique can still be considered a valid choice for 
large lesions resection. A multicenter Australian prospective study showed that, fol-
lowing colonic wide-field EMR, early recurrent/residual adenoma occurred in 16%, 
and it was usually unifocal and diminutive, whereas late recurrence occurred in 4%. 
Overall, recurrence was managed endoscopically in 93% of cases. Risk factors for 
recurrence were lesions size >40 mm, use of argon plasma coagulation, and intra-
procedural bleeding [54].

Repici et al. performed a systematic review including a total of 22 studies (20 
Asian, 2 European), providing data on 2841 ESD-treated lesions. A complete resec-
tion was obtained in 88% considering the Asian studies, but only in 65% consider-
ing the two European studies, showing an extreme heterogeneity in the use and 
expertise of the ESD in Eastern and Western countries [55].

In a multicenter prospective Italian study, Cipolletta et  al. found that in 385 
lesions larger than 25 mm, 95.6% of them were removed using the EMR piecemeal 
technique and only a 4.4% using ESD. A complete resection was obtained in 85.8% 
of cases and a 12-month residual/recurrence in 6.5% of cases [56].

We can consider a radical intervention when the margins are free from lesions 
(R0), and we should receive the following information by the histological report 
[57–59]:

 1. Degree of submucosal infiltration (greater or lesser than 1000 μm)
 2. Lymphatic or hematic spread (V-L)
 3. Degree of differentiation (well, moderately or poorly differentiated)
 4. Presence of ulceration
 5. Budding grade

In conclusion, non-polypoid lesions are common findings during routine colo-
noscopies, but their identification can be more challenging compared to polypoid 
lesions and therefore should be carefully searched. Once detected, advanced endos-
copy techniques, such as chromoendoscopy or NBI, should be routinely employed 
to better define these lesions in terms of deep invasion and to plan the most correct 
endoscopic therapeutic approach.
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4Colonoscopic Polypectomy: Current 
Techniques and Controversies
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4.1  Introduction

Colonoscopic polypectomy is a well-recognized method for the prevention of 
colorectal cancer (CRC), reducing its incidence [1] and mortality [2].

The first polypectomy was performed in 1969 by Dr. Hiromi Shinya, a general 
surgeon working at Beth Israel Hospital in New York, using an electrosurgical pol-
ypectomy snare that he designed. The results were published a few years later in the 
New England Journal of Medicine and this article became known as one of the 
twentieth century’s landmark articles in the field [3].

Despite their proven effectiveness, polyp resection techniques are based on 
expert opinion and uncontrolled observational studies and are limited by a lack of 
evidence [4–6]. Moreover, there is no standardized polypectomy method, so that 
most endoscopists perform polypectomy as they have learned during their endo-
scopic training or advanced fellowship. In 2004 a survey conducted among American 
gastroenterologists showed substantial variation in polypectomy practices even for 
lesions less than 10 mm [7–9]. Proper removal of polyps needs not only the skills of 
an experienced endoscopist but also a complete knowledge of the characteristics of 
endoscopic instruments and accessories, according to their suitability for the mor-
phology and size of the colorectal polyp, in order to avoid complications and to 
reduce the occurrence of incomplete polypectomy, which is one of the major causes 
of interval colon cancer [10, 11]. 

In the CRC screening era, detection and resection of all polypoid lesions are the 
main goals of quality colonoscopy, and submitting all resected polyps to histologi-
cal examination is still the standard of care [12, 13].
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Before performing a polypectomy it is necessary to determine whether the 
patient is receiving anticoagulant/antiplatelet therapy to assess for bleeding risk, as 
shown in the American Society for Gastrointestinal Endoscopy guidelines (2016) 
[14]. (For this topic please refer to Chap. 9.)

4.2  Polypectomy Techniques

A successful polypectomy has to be effective in achieving complete resection, effi-
cient in the retrieval of all lesions, and safe in minimizing the risk of complications 
such as perforation or bleeding. Furthermore, the resection must provide an accu-
rate histological diagnosis, with evaluation of the margins and investigation for pos-
sible neoplastic invasion of the underlying layers.

Several techniques are used to remove polyps; they are classified according to 
the accessories used, with or without the use of electrosurgery. The choice of tech-
nique depends on the morphology, size, and location of the polyps and the experi-
ence of the endoscopist [15, 16].

Classification of colorectal polyps is critical to facilitate a standardized 
approach to therapy [13, 17, 18]. At present, superficial neoplastic lesions of the 
gastrointestinal tract are stratified into three categories according to the Paris 
endoscopic classification: protruded (type 0-I), superficial (type 0–II), and exca-
vated (type 0–III). Protruded lesions are subdivided into pedunculated (0-Ip), if 
the polyps have a head connected with a stalk; sessile (0-Is), if the polyps are 
broad-based without a connecting stalk; and semipedunculated (0-Isp) if the pol-
yps have short stalk [19–21]. Based on size it is possible to identify three types of 
polyps: diminutive, ≤5  mm; intermediate, between 6 and 9  mm; and large, 
>10 mm.

The endoscopic techniques for polypectomy are:

 1. Cold forceps biopsy (CFB)
 2. Hot forceps biopsy (HFB)
 3. Snare excision: cold snare polypectomy (CSP) and hot snare polypectomy (with 

monopolar cautery [HSP])
 4. Simple fulguration with argon plasma coagulation (APC) and advanced tech-

niques such as endoscopic mucosal resection (EMR) and endoscopic submuco-
sal dissection (ESD), which are discussed in the next chapter.

The optimal method for polypectomy is the removal of the polyp in one piece 
(en-bloc resection), but if the size of the polyp is larger than 2 cm, it may be neces-
sary to remove it in multiple pieces (piecemeal resection).

4.2.1  Cold Forceps Biopsy

The cold forceps technique is easy to use, and has a high retrieval rate and a low 
complication rate [22]. The distance between cups determines the size of the 

F. Monica and G.M. Pecoraro



45

forceps (5–8 mm). The diameter of the forceps cup is about 3 mm. In jumbo forceps 
the cup size is greater than 3 mm (Fig. 4.1).

The cold forceps technique is used most often for diminutive lesions (≤5 mm) 
and consists of grasping the polyp and removing it with a firm pull. This allows safe 
retrieval. Nevertheless, one-bite forceps polypectomy is not always adequate 
because it may leave residual polyp ( also, the exact margins of the polyp may be 
obscured by blood), so two bites can be done with standard forceps, or, for the com-
plete removal of 4- to 5-mm polyps, jumbo forceps can be used [13, 23, 24]. In 
two-bite cold forceps polypectomy, the first bite should include a normal mucosal 
margin to reduce remnant tissue.

A recent prospective study showed that forceps ensured complete resection in 
96% of cases for polyps between 1 and 3  mm and in 76% of cases for polyps 
between 4 and 5 mm [25]. Another study demonstrated that residual adenoma was 
present in 29% of diminutive polyp sites [26]. Even jumbo forceps seem to be asso-
ciated with a high rate of residual adenoma [27].

However, another study has shown that complete resection was achieved in 90% 
of diminutive polyps and 100% of polyps <3 mm in size when performed with 
chromoendoscopy and washing and post-resection examination [28]. In any case, 
the endoscopist should always examine the biopsy site to ensure complete removal.

Fig. 4.1 Jumbo forceps
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4.2.2  Hot Forceps Biopsy

HFB (Fig. 4.2) consists of the thermal ablation of polyps with a coagulation current 
through an electrosurgical unit, so it is similar to CFB except for its use of electro-
cautery to remove polyp tissue. When the polyp is grasped in the forceps, electrocau-
tery is applied to destroy the polyp base, while the polyp tissue is preserved inside the 
forceps as a histological specimen. However, the use of HFB can make histological 
diagnosis difficult and it has a risk of delayed bleeding or hypercoagulation syn-
drome [12, 29, 30]. A prospective randomized clinical trial [31] compared the effi-
cacy and safety of CSP and HFB for diminutive colorectal polyps in 287 patients, 
evaluating endoscopic en-bloc resection and complete histological resection rates 
(primary outcome), and complication and polyp retrieval rates (secondary outcomes). 
The authors concluded that CSP is more effective and safer than HFB for diminutive 
polyps. For these reasons HFB is not recommended as a standard method.

4.2.3  Snare Excision

Snare excision is commonly used for polyps ≥6 mm [7, 32]. Different types of wire 
loop snares are available, differing according to shape (round, oval, hexagonal, 
asymmetrical) (Fig. 4.3), according to filament (monofilament or double-stranded) 
(Fig. 4.4), and according to size (10, 13, 15, 20, 22, 27, and 30 mm) (Fig. 4.5). All of 

Fig. 4.2 Hot biopsy
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these snares can be either soft or stiff. Other specific snare types have also been 
developed, such as barbed snares (oval snares with spikes or spiral snares) to ensure 
a firm grasp or prevent slippage of flat or sessile polyps, spiral snares with an incor-
porated retrieval device, and rotatable snares [33]. The choice of snare is usually 
made according to the endoscopist’s preference as there are no controlled trials 
demonstrating the superiority of any one device over another.

There are two ways to use the snare: cold snare and standard snare excision with 
electrocautery.

Round Oval Hesagonal Asymmetrical

Fig. 4.3 Various shapes of snares

Monofilament Double-stranded

Fig. 4.4 Various types of filament
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The first method is when the endoscopist decides to cut the polyp with only the 
mechanical strength of the snare, which is closed in a single, continuous, and con-
trolled movement to guillotine the tissue, also capturing 1–2  mm of normal tissue 
around the polyp. Suction can help the snare to capture the polyp and surrounding tis-
sue. The polyp can be readily suctioned in the working channel of the endoscope and 
retrieved in a suitable trap [34]. If there is minimal bleeding, successful hemostasis is 
always achieved by the technique of positioning the endoscope ‘en face’ and close to 
the post-polypectomy base or creating pressure with the power of a water jet [35].

CSP is preferred for lesions less than 10 mm (4–9 mm). Moreover, it also seems 
better for polyps ≤5 mm, as shown in a recent study, in which it was found to be 
adequate for complete and safe polyp removal, as well as shortening the withdrawal 
time of the colonoscopy procedure [36]. CSP allows efficient resection of polyp tis-
sue in a single piece, with a lower rate of incomplete resection than biopsy [26] and 
it is almost without risk [34], except for insignificant bleeding that usually stops 
within a few seconds [36]. Repici et al., in an observational study, demonstrated the 
safety of the cold snare for polyps less than 10 mm, with a low rate of bleeding 
(1.8%) and no delayed bleeding or perforation [37]. If there is some bleeding, espe-
cially in patients taking anticoagulants, it is immediately displayed and can be 
treated endoscopically.

In view of these findings for CSP, and because of the high rates of incomplete 
resection with CBF excision, the European Society of Gastrointestinal Endoscopy 
(ESGE) guidelines now recommend against the use of CBF excision. Only in the 
case of a polyp sized 1–3 mm where cold snare polypectomy is difficult or not pos-
sible, CBF may be used [38].

HSP, i.e., standard snare excision with monopolar cautery, is the most widely used 
technique for polyps of 10–19 mm and it has been used for about 40 years [39, 40]. 

Fig. 4.5 Various sizes of snares
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Despite this long history, the application of electrocautery in snare polypectomy has 
not yet been standardized because of the lack of large controlled trials (see Sect. 2.3.4).

4.2.3.1  Saline Lift Technique
To make HSP effective and safe it may be aided by the saline lift technique, which 
prepares the polyps for resection. With a suitable needle, saline solution (or other 
agents that are retained for longer periods) can be injected into the submucosa under 
the polyp, raising the lesion from the underlying muscularis propria.

This has the dual purpose of increasing the distance between the polyp and the 
submucosa, ensuring complete removal of the polyp and reducing the risk of com-
plications [41]. This method potentially decreases the risk of perforation because 
the electric current will be conducted within a greater tissue space. Further more, 
most endoscopists use dilute epinephrine (1:10,000 or 1:20,000) to reduce the risk 
of bleeding, taking advantage of its vasoconstrictor properties.

Unfortunately, saline solution is rapidly absorbed, so alternative agents have 
been studied, including hyaluronic acid [42], dextrose solution [43], succinylated 
gelatin [44], hydroxyethyl starch [45], and recently polidocanol [46]; these are used 
with or without epinephrine. (For this topic please refer to Chap. 7).

4.2.3.2  Steps for Performing Polypectomy
When performing endoscopic polypectomy with a snare, some steps should be kept 
in mind.

Correct Position
The polyp should always be placed in the 5- to 7 o’clock position.

Identification of the polyp margins: High-definition/resolution endoscopes with 
electronic chromoendoscopy (Narrow Banding Imaging (NBI), Olympus 
Corporation, Tokyo, Japan; Fuji Intelligent Chromo Endoscopy (FICE), Fujifilm 
Corporation, Tokyo, Japan; Blue Light Imaging (BLI), Fujifilm Corporation, Tokyo, 
Japan; iSCAN, Pentax Corporation, Tokyo, Japan) help to provide clear visualiza-
tion of the polyp margins. Adding biologically inert blue dye (methylene blue or 
indigo carmine) to the saline used to lift the polyp helps in defining the borders of a 
flat/sessile lesion.

Infiltration of the submucosa (optional if HSP is used): This must always be 
started in the proximal part (anatomically) of the polyp base, so that the polyp will 
rise from the side of the vision and will not tip over.

Ensnaring (Trapping)
The tip of the snare should be placed proximal to the fold; the nurse then opens the 
snare slowly, surrounding the polyp, and then the snare is slowly closed while the 
catheter tip is simultaneously advanced at the base of the polyp, keeping the tip in 
position. This allows the trapping of the entire polyp base and prevents the snare 
from slipping back over the head of the polyp when it is closed. Gentle suction dur-
ing snare closure facilitates the entrapment of a completely flat lesion, but it must be 
done carefully to avoid clasping too much tissue or a colonic fold.
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Resection
The snare is completely closed to cut the polyp with electrocautery.

When electrocautery is used the endoscopist should minimize the duration of 
energy delivery to limit damage to the colonic wall. Every part ensnared should be 
lifted away from the wall: this can be done by tenting the polyp toward the center of 
the lumen just before the application of the current, to prevent deep perforation. 
Furthermore, we must be careful that the tip of the snare does not inadvertently 
touch the wall behind the polyp, because if this happens thermal injury with delayed 
perforation may occur.

Retrieval
If the pieces are relatively small they can be suctioned through the suction channel 
[34]; otherwise, an endoscopic net, wire basket, or forceps can be used for the 
retrieval of a large resected polyp or tissue that will not pass through the channel, 
especially if the polyp is located in the right colon.

The optimal method of removal for large polyps (>1 cm) varies with the type of 
polyp, so it is important to identify large pedunculated or sessile polyps and flat 
lesions.

4.2.3.3  Polypectomy for Different Types of Polyps
Most pedunculated polyps develop large feeding blood vessels in the stalk [47], and 
the size of these vessels may be greater than the size of the polyp and its stalk.

When removing pedunculated polyps, applying energy early and closing the 
snare slowly will help to avoid complications such as bleeding. The electrocautery 
snare should be placed around the stalk at approximately one-half to one-third of the 
distance between the polyp head and the colon wall, allowing sufficient resection 
margin in case there is malignancy and leaving a visible residual stump of the stalk 
after resection that can be grasped in the event of bleeding.

To prevent bleeding, it is useful to place a nylon loop (Endoloop, Olympus 
Corporation, Tokyo, japan) [48] around the stalk below the resection point (even if 
the presence of this loop may make the procedure challenging) or to place clips 
across the polyp stalk.

Bleeding rates increase when the stalk is >5 mm [47]. However, the size thresh-
old for the prophylactic application of mechanical measures to prevent bleeding is 
not known. The ESGE guidelines recommended that, for a pedunculated polyp with 
a head ≥20 mm or a stalk ≥10 mm in diameter, it is useful to pretreat the stalk with 
these mechanical measures for hemostasis and/or to use an injection of dilute 
 epinephrine [38].

No difference in efficacy between clips and a nylon loop for the prophylaxis of 
bleeding is currently known [49].

Large sessile polyps are difficult to remove and polyps greater than 2 cm are usu-
ally removed in a piecemeal manner or by using advanced techniques.

In order to perform the polypectomy in a correct and safe way, the endoscopist 
must know and apply the electrical current that is the most suitable for the type and 
size of polyp to be removed.
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Traditionally, snare polypectomy is performed using a blended, coagulation, or 
pure cutting electrical current. Table  4.1 summarizes the endoscopic techniques 
according to the feature of polyps.

4.2.3.4  Electrosurgery Unit (ESU)
The basic principle of the ESU is that heat can be produced without a neuromuscu-
lar response when a high-frequency alternating current between 300 kHz and 3 mHz 
(radiofrequency) passes through tissue. The ESU is a commonly used endoscopic 
tool for cutting or coagulating tissue. Depending on the wave form chosen, energy 
applied at the cellular level produces heat because of tissue resistance, resulting in 
the bursting of cell membranes, with tissue disruption or coagulation being caused 
by a less intense electrical current, which can desiccate and shrink cells without 
bursting the cell membrane, while providing hemostasis [12, 13].

Monopolar devices transmit current from an electrode in the instrument tip 
through the patient’s body to a plate (usually placed on the leg or thigh) to complete 
the circuit; bipolar devices have both active and return electrodes in the instrument 
tip, thereby foregoing the need for a grounding plate.

Various types of ESU have been developed, depending on the current used; for 
example, pure coagulation current and pure cutting current. However, these meth-
ods involve complications, because coagulation current may be associated with per-
foration, owing to the deep tissue penetration of heat, whereas the use of cutting 
current has a risk of immediate post-polypectomy bleeding because the tissues are 
cut before vessels are coagulated. Therefore, engineers have developed a blended 
current that modulates the frequency of the electrical current (duty cycle) and 
adjusts the peak voltage. The result is that the current exerts a cutting effect on the 
tissue with a coagulating effect at the resected margin [39]. Specific tools have been 
developed to facilitate controlled tissue cutting during various applications, alter-
nating cutting and coagulation currents. 

The blended current can be provided by a conventional electrosurgical generator 
or by using a generator with a microprocessor that automatically controls currents, 

Table 4.1 Endoscopic techniques according to the feature of polyps

Size and type of 
polyp Technique Instrument Other accessories
3–4 mm Cold forceps (one-bite) Forceps –

Hot forceps (not 
recommended)

5–6 mm Cold forceps (two-bite) Forceps or jumbo 
forceps

–

7–9 mm Cold snare Mini oval snare, barbed 
snare

–

Hot snare Injection needle 
(optional)

Large 
pedunculated

Hot snare Braided-soft Injection needle, 
Endoloop, clip

Large sessile Hot snare Braided-stiff Injection needle
Flat lesion Hot snare Monofilament Injection needle
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fractionates cutting and coagulating phases, and adjusts output based on tissue 
impedance, with the result being the restriction of deep tissue injury.

Improvements in technology have seen the introduction of more sophisticated 
electrosurgical generators in which the ENDO CUT mode (Erbe, Elektromedizin 
GmbH, Tubingen, Germany) has been widely used because of its better results 
for polypectomy, as it rapidly modifies the current in response to changes in the 
tissue impedance. Alternating cutting and coagulation cycles allow controlled 
cutting to be performed with sufficient hemostasis during the entire cutting pro-
cess, with minimal depth and spread of thermal injury. For more effective cutting 
or deeper coagulation, the endoscopist can adjust different parameters: the 
 coagulation power, the cut duration, and the interval between the previous and 
next cut [14].

Some studies have shown that, overall, the ENDO CUT is better than a conven-
tional electrosurgical generator in terms of the quality of the polypectomy speci-
mens and the less extensive tissue damage [50].

However, electrosurgery is responsible for almost all the complications associ-
ated with polypectomy [51] and there are no uniform or standard guidelines for 
electrosurgical settings during polypectomy.

4.2.3.5  New Methods
Recently “underwater” polypectomy has been used during water-aided colonos-
copy. This technique for the removal of flat colorectal lesions was described for the 
first time by Dr. Kenneth Binmoeller and colleagues, in 2012 [52].

The bowel lumen is filled with water rather than air, and a submucosal injection 
of the lesion is not required. This technique increases the complete resection rate 
and reduces possible complications: bleeding, transmural burns, and perforation. 
Both cold and hot snares can be used safely because water does not affect the con-
ductivity of the tissue during polypectomy. However, further studies are needed to 
validate the technique.

In recent years the use of carbon dioxide insufflation during polypectomy has 
developed too. This seems to reduce patient discomfort during and after the proce-
dure because CO2 is absorbed faster than air [53, 54].

4.2.4  Argon Plasma Coagulation

Argon plasma coagulation should be used for the electrocautery of islets of adeno-
matous tissue between resected pieces or polypectomy margins, but its efficacy is 
unclear because this method is associated with polyp recurrence [20, 55]. This 
technology uses a non-flammable and inexpensive gas: ionized argon (plasma). 
A jet of ionized argon is emitted by 6000-volt peak energy. Thermal energy is con-
ducted by argon and delivered into the tissue with a depth of penetration of roughly 
2–3 mm, producing denaturated proteins, with the net effect being tissue destruc-
tion and coagulation. The tip of the probe must be oriented less than 1 cm from 
the target lesion and it is important not to fire too close to the mucosa, because the 
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coagulation effect is similar to that of monopolar electrocautery rather than the 
effect achieved via ionizing plasma, which causes deeper injury of the tissue.

4.3  Controversies

4.3.1  Incomplete Resection

There are two important issues with polypectomy: incomplete resection and non- 
retrieval of the polyp. Surveillance intervals are based on complete removal of all 
adenomas, while in cases of incomplete polypectomy, residual neoplastic tissue can 
progress to malignancy. It has been estimated that up to 27% of interval cancers may 
occur owing to incomplete endoscopic resection [10, 56].

The CARE study [57] showed that residual adenoma was common after HSP, and 
rates of incomplete resection varied according to the type and size of the polyps: 
there were high rates (over 10%) for non-pedunculated neoplastic polyps, and the 
rates of incomplete resection were 6.8% for polyps 6–9  mm, 17.8% for polyps 
10–20 mm, and 31.0% for sessile serrated polyps. In another study, 17.6% of patients 
with large sessile polyps had residual adenomatous tissue when reexamined [58].

Of note, the CARE study [57] concluded that the rates of incomplete resection 
varied significantly among endoscopists (6.5–22.7%), suggesting that the individual 
operator factor and appropriate training are the most important factors for correct 
and successful polypectomy [59, 60].

A survey of 189 gastroenterologists showed there was no agreement on a tech-
nique for the removal of 4- to 6-mm polyps. For polyps 1–3 mm in size, forceps 
techniques (cold or hot) were more frequently used and for polyps 7–9 mm in size 
electrosurgical snare resection was predominant, whereas for polyps measuring 
4–6 mm, 19% of the respondents reported using cold biopsy forceps, 21% hot biopsy 
forceps, 59% a hot snare, and 15% a cold snare. Thus, for polyps 4–6 mm in size no 
one polypectomy method was used significantly more than any other method [7].

Prospective randomized comparisons are required to assess the efficacy and 
safety of cold-snare polypectomy versus cold biopsy in lesions 4–6 mm and of cold 
forceps versus HSP, particularly in lesions 6–9 mm.

4.3.2  Non-retrieval of Polyps

Another issue is the non-retrieval of polyps; this prevents pathological evaluation of 
the resected polyp, which is one of the criteria for surveillance intervals. Generally, 
the percentage of polyps lost after resection ranges from 2.1 to 19% [61, 62]. The 
biopsy techniques provide high polyp retrieval rates (95–100%) [25, 61]. On the 
other hand, in one retrospective study, about 13% of smaller polyps (1–5 mm) and 
19% of polyps overall removed by cold-snare, were not retrieved [63].

The optimal retrieval strategy has not been defined, although some factors were 
independently associated with non-retrieval: previous colorectal surgery, resection 
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by cold snare, location in the right colon, inadequate bowel preparation, and a polyp 
size up to 5 mm [63, 64]. In a retrospective study, 4383 removed polyps were ana-
lyzed in terms of the polyp features (number, size, and location), removal technique, 
bowel preparation, and quality of the colonoscopy (duration of examination, inser-
tion, and withdrawal). Multivariate analysis showed that the independent factors for 
non-retrieval of polyps were small size and cold-snare removal. Other factors cor-
related with non-retrieval were sessile polyps and location in the proximal colon. In 
this study the number of polyps per patient, quality of bowel preparation, and dura-
tion of the procedure were also correlated with the retrieval rate [63].

The American Society for Gastrointestinal Endoscopy [65] has formulated new 
paradigms for the colonoscopic management of diminutive (5 mm in size) colorec-
tal polyps that may reduce costs and improve patient safety compared with the cur-
rent paradigm. The first paradigm (“resect and discard”) refers to polyps that are 
removed and discarded so that the endoscopic assessment of histology is done to 
establish future surveillance; the second paradigm proposes to leave in situ all 
diminutive polyps in the rectosigmoid colon when the endoscopist has established a 
hyperplastic pattern. There are some criticisms in regard to adopting this strategy 
and it is still under investigation.

Finally, providing education and feedback to endoscopists will improve polyp 
retrieval rates, especially for clinically relevant, right-sided polyps [66].

4.4  Polyps that are difficult to approach

When we are faced with a polyp that is difficult to approach owing to its location in a 
tight turn or behind a colonic fold, we can employ some strategies, such as locking the 
dials on the endoscope or asking an assistant to maintain the scope position (for polyps 
in tight bends), performing retroflexion of the scope tip (only in the right colon), or using 
a side-viewing duodenoscope [67, 68] or cap-assisted colonoscope for polyps behind 
folds. However, no standardized guideline exists for the removal of such polyps, and the 
choice of method depends on the experience and preference of the operator.

Sometimes polypectomy can be difficult in the presence of submucosal fibrosis 
caused by previous attempts at resection or even injudicious biopsies. In such cases 
the submucosal injection of saline solution does not ensure the lifting of the polyp, 
because the mucosa and submucosa adhere to the underlying muscularis propria, 
and incomplete removal occurs with snare polypectomy [69]. Thus, for polyps that 
are difficult to approach, it is mandatory to do a complete resection in one session 
and never perform biopsies on the polyps. If you are not able to do this, it is prefer-
able to refer the patient to a tertiary center.

4.5  Tattooing

After polypectomy it is necessary to assess whether there is an opportunity to make a 
tattoo of the lesion site, especially when the polyp was large, if we are not sure that 
removal was complete, or if other sessions will be needed to remove it, and if there are 
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indicators suspicious of malignancy. The tattooing procedure allows simple and accu-
rate identification of the polypectomy site. However, if the lesion is located in the 
rectum, in the cecum, or near the ileocecal valve, the site should not be tattooed [38].

Although tattooing is not done routinely at the time of the initial procedure, some 
endoscopists prefer to tattoo all large polypectomy sites at the time of the initial 
procedure because of the inherent risk of harboring malignancies [70].

Tattooing consists of the injection of a permanent staining agent into the gut wall 
to create a mark that will identify the site from either inside or outside the lumen; it is 
typically done with at least two submucosal injections of dye on contralateral sides of 
the bowel near the lesion. The tattooing should be done a few centimeters distal to the 
lesion or at three or four sites circumferentially to avoid the risk of tumor seeding [71].

The needle should ideally enter the mucosa at an oblique angle to permit injec-
tion into the submucosa rather than penetrating the colon wall, which can result in 
inflammation and diffuse staining of the peritoneum, thereby obscuring the sur-
geon’s view during operation [72]. If a submucosal bleb is not immediately devel-
oped during the injection, the needle should be pulled back slightly while dye 
continues to be injected until a bleb is seen [73].

More recently some endoscopists have performed a double injection, with a 
saline injection into the submucosa to form a bleb, followed by an injection of dye 
using a second syringe. It seems that this technique can improve the efficacy of tat-
tooing and prevent inflammatory complications [74, 75].

Many types of dye are available for tattooing (including methylene blue, indigo 
carmine, toluidine blue, and hematoxylin), but only two persist for more than 24 h: 
indocyanine green and India ink [76].

The latter is widely adopted, but some complications related to India ink solu-
tion injection have been described. In addition to intraperitoneal spillage (reported 
in up to 14% of cases, but rarely with any clinical significance), there have been 
reports of perforation leading to peritonitis [77], abscess formation [78], fat 
necrosis [79], phlegmonous gastritis [80], inflammatory pseudotumour [81], acci-
dental marking of the small bowel or inadvertent staining of the entire sigmoid 
colon [82], and abscess in the rectus muscle [83]. Also, India ink is not a sterile 
solution.

More recently a dilute suspension of pure carbon particles (SPOT® Gi Supply, 
Camp Hill, PA USA) has been developed as a sterile and biocompatible suspension. 
This is the only dye approved by the Food and Drug Administration of the United 
States and it is efficient and safe. However, cases of peritonitis and submucosal 
fibrosis have been reported with this suspension [84].
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5Advanced Endoscopic Resection 
of Colorectal Lesions

Jessica X. Yu, Roy Soetikno, and Tonya Kaltenbach

5.1  Introduction

Advanced endoscopic resection techniques are important to ensure adequate 
removal of complex or large colorectal polyps. Mounting evidence suggests endo-
scopic resection as a safer, more cost-effective modality [1–3], compared to surgical 
resection. Multiple society guidelines now recommend endoscopic resection as the 
first step for the management of complex benign colon polyps. In this article, we 
will discuss the assessment and technical aspects of advance resection for the man-
agement of complex colorectal polyps.

5.2  Polyp Assessment

Determination of submucosal invasion is critical to assess if endoscopic resection is 
appropriate. Optical diagnosis with macroscopic and microscopic assessment in 
conjunction with findings such as non-lifting is key to ensuring complete 
resection.
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5.2.1  Macroscopic Appearance

Originally described in 2002, the Paris classification categorizes lesion into superfi-
cial and advanced types, with type 0 being superficial neoplasms and type 1–5 
reserved for advanced carcinoma [4]. Types 0, or superficial neoplasms, are further 
subclassified into polypoid and non-polypoid lesions (Fig.  5.1). Types 0–I are 
pedunculated (0-Ip) or sessile (0-Is) in appearance. Type 0-II lesions may be slightly 
elevated (0-IIa_, flat (0-IIb) or depressed (0-IIc) [4, 5]. Types 0–III are ulcerated 
lesions.

Morphologic classification is an important step to facilitate lesion management. 
The risk of submucosal carcinoma is higher for non-polypoid lesions (Paris type 
0-II) compared to polypoid lesions [6, 7]. Flat lesions greater than 10 mm are termed 
laterally spreading tumors (LST) (Fig. 5.1). Granular LSTs (LST-Gs) have a nodu-
lar surface appearance as opposed to non-granular LSTs (LST-NGs), which are 
smooth. LST-Gs with uniform nodules have a <2% submucosal invasion regardless 
of size. LST-Gs with nonuniform nodules and LST-NGs have higher risk of submu-
cosal invasion [6]. Depressed lesions greater than 20 mm have been found to have a 
87.5% risk of submucosal cancer [8].

5.2.2  Microscopic Diagnosis

Real-time optical diagnosis has been found to be highly accurate and effective for 
the histologic prediction of small colorectal polyps [9]. The Kudo classification 
describes pit patterns in five categories, using chromoscopy and magnification [10]. 
Types I and II are nonneoplastic, whereas types III and IV are adenomatous pat-
terns, and type V is cancerous [8]. Narrowband imaging (NBI) can enhance visual 
assessment of polyps. The NBI International Colorectal Endoscopic (NICE) clas-
sification incorporates tissue color, vascular, and surface pattern to differentiate ser-
rated class lesions from adenomatous. It has also been validated for the prediction 
of submucosal invasion with a 92% sensitivity and negative predictive value [11]. 
For example, NICE type I lesions are hyperplastic, type II are adenomatous, and 
type III are concerning for containing deep submucosal cancer [11].

Work by Moss and colleagues has also found that polyps with Paris 0-II a-c mor-
phology, non-granular surface and Kudo pit pattern V were at high risk for submu-
cosal invasion [12]. Additionally, the NICE criteria have a 92% sensitivity and 
negative predictive value for prediction of submucosal carcinoma [11]. Type 3 
lesions are associated with submucosal invasion.

The non-lifting sign is an indicator if the surrounding submucosal tissue lifts, but 
the lesion does not with injection. Lesions may not lift due to submucosal invasion 
or because of submucosal fibrosis from prior biopsy, cautery, or tattoo (Fig. 5.1). 
Studies have demonstrated that the presence of the non-lifting sign is associated 
with a positive predictive value for invasive cancer to be approximately 80% [13]. 
Additional signs of submucosal invasion include converging folds, chicken skin 
appearance, expansive appearance, and firm consistency [14].
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5.3  Resection Technique

Advanced endoscopic techniques include the standard inject-and-cut endoscopic 
mucosal resection (EMR) as well as endoscopic submucosal dissection (ESD). 
Adjunctive EMR techniques such as EMR with cap, underwater EMR, and EMR 
with cold snare have been more recently applied and studied. En bloc or R0 resec-
tion is ideal, though in lesions >20 mm this may not be feasible, and the goal should 
be to remove the lesion in as few pieces as safely possible.

a b

c d

e f

Fig. 5.1 The non-lifting sign
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5.3.1  Instruments and Equipment

Personnel should have familiarity with the range of equipment used and the techni-
cal aspects of the procedure. We recommend the use of a high-definition adult colo-
noscope with a water-jet channel and CO2 insufflation in most cases. A therapeutic 
upper endoscope may be an alternative for left-colon lesions. Additionally, we pre-
fer the use of conscious sedation over deep sedation with propofol [14].

5.4  EMR Techniques

5.4.1  Inject-and-Cut

The inject-and-cut EMR is a simple technique that is widely used for removal of 
large flat or sessile lesions. Submucosal injection is a key step of EMR. In this tech-
nique, saline is injected into the submucosal space of the colon wall. Injection in the 
submucosal layer is first confirmed using a small amount of solution, followed by 
rapid large-volume injection. We recommend the use of the dynamic injection tech-
nique to create a sufficient bleb under the lesion (Fig. 5.2). Unlike in static injection, 
the tip of the endoscope is slightly directed to the opposite wall coupled with a slight 
pull back of the needle catheter and simultaneous gentle suctioning [15]. Using this 
maneuver, the needle tip is maintained in the superficial submucosa, and a localized 
bleb can be easily created. This mound of fluid creates a cushion for resection as 
well as brings the lesion into the lumen toward the colonoscope.

Saline is the most commonly used solution though it may quickly dissipate. Viscous 
solutions such as hydroxyethyl starch, sodium hyaluronate solution, 50% dextrose, and 
succinylated gelatin are alternatives to improve maintenance of submucosal cushion. A 
2016 systematic review compared normal saline to sodium hyaluronate, 50% dextrose, 

a b c

d e f

Fig. 5.2 Dynamic submucosal injection
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hydroxyethyl starch, and fibrinogen and found no difference in complete resection (OR 
1.09, CI 0.82–1.45) and only limited data on the efficacy of the other viscous solutions 
[16]. A 2017 systematic review pooled the results of viscous solution and found that 
viscous solution increased en bloc resection (OR 1.91, CI 1.11–3.29) and decreased 
risk of residual lesions (OR 0.54, CI 0.32–0.91) compared to normal saline [17]. 
Therefore, if available, the use of viscous solutions should be considered. Succinylated 
gelatin is not available in the USA. Sodium hyaluronate, the most studied solution in 
three randomized controlled trials, is relatively expensive.

A stiff snare can then be used to capture the lesion of interest to perform 
EMR. After snare capturing of the lesion, carbon dioxide insufflation will expand 
the wall, and slight loosening of the snare with up tip deflection will release any 
entrapped muscularis propria. The snare is then closed entirely almost to the hub, 
and the lesion is transected using electrosurgical current (ERBE, Endocut Q Effect 
3, Duration 1, Interval 4) [14]). Microprocessor control units use alternate cycles of 
short-cutting bursts with interval periods of coagulation and limit peak voltage with 
impedance feedback (Figs. 5.3 and 5.4).

a b c

d e f

Fig. 5.3 Inject and cut endoscopic mucosal resection of nongranular lateral spreading lesion

a b c

Fig. 5.4 Inject and cut endoscopic mucosal resection of granular lateral spreading lesion.
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All visible neoplastic tissue should be resected in a single session. For lesions 
<20 mm, en bloc resection is recommended, particularly for LSL-NG lesions. 
Piecemeal EMR may be necessary for lesions larger than 20 mm. Due to the risk 
of submucosal invasion in the dominant nodule in an LSL-G, the dominant nod-
ule should be resected and submitted to pathology separately. Ablative tech-
niques, such as the use of snare tip soft coagulation and argon plasma coagulation 
(APC) on residual tissue, have been associated with an increased risk of local 
recurrence [18]. Once all neoplastic tissue has been removed, data suggests lower 
local recurrence rates when ablative therapies, such as APC or snare tip soft 
coagulation, are applied to the resection margin. A recent randomized controlled 
trial applying the snare tip in the soft coagulation mode to the defect periphery 
and bridges showed a significant reduction in recurrence rates. Recurrence out-
comes using argon plasma coagulation versus snare tip soft coagulation have not 
been compared.

5.5  Alternative EMR Techniques

5.5.1  Cap-Assisted EMR

The use of a plastic cap during EMR can be useful to help deflect surrounding tissue 
during standard inject-and-cut EMR. Dedicated cap and snare devices can also be 
used for cap-assisted EMR in the rectum. Neoplastic tissue is suctioned into the cap, 
which can then be snared.

5.5.2  Underwater EMR

Underwater EMR was first described by Binmoeller et  al. [19]. In underwater 
EMR, the water substitutes air insufflation. Injection is not necessary making this 
an alternative for fibrotic lesions. In his initial study of 60 patients, Binmoeller 
and colleagues demonstrated that the technique was safe with no perforation or 
post-polypectomy syndrome. Follow-up study by Curcio and colleagues in 2014 
demonstrated complete resection at 3 months’ follow-up in an additional 72 
patients [20].

5.6  Cold Snare EMR

Cold snare EMR, whereby no electrosurgical cautery is applied, has been demon-
strated to be feasible for lesions >1 cm. However, thus far evidence has been limited 
to single-center retrospective studies [21, 22].
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5.7  ESD

Endoscopic submucosal dissection (ESD) is an alternative resection technique in 
the colon and particularly rectum. It is a technique mainly considered for complex 
lesions such as non-granular-type lateral spreading lesions with Vi pit pattern or 
those with concern for adenocarcinoma, with underlying fibrosis or with residual 
lesion after prior incomplete resection attempts (Table  5.1). Compared to EMR, 
ESD allows for en bloc resection of lesions (79% versus 34%); however, there is a 
higher risk of perforation (4.9% versus 0.9%) and need for surgery (7.8% versus 
3.0%) [23] and significantly longer procedure time. Several studies have shown the 
safety and efficacy of EMR in the management of complex colorectal lesions, 
including those of large size, granular- and non-granular-type lateral spreading 
lesion morphology, and sessile serrated polyp histology [24].

5.7.1  Technique

ESD begins with marking the normal mucosa surrounding the lesion. Submucosal 
injection is then done to lift the lesion. The circumference of the lesion is then incised 
using a needle-type ESD knife, and the submucosal layer is then dissected. The resected 
en bloc can then be pinned and submitted to pathology. Attempts to simplify ESD 
technique have been described such as “precutting EMR,” whereby the circumference 
of the lesion alone is incised by using a knife for ESD, and then the lesion is snared 
without submucosal dissection. Likewise, hybrid ESD is a technique in which an ESD 
knife dissects some of the submucosal layer, and then the lesion is snared (Fig. 5.5).

Table 5.1 Indications for ESD for colorectal tumorsa

Lesions for which endoscopic en bloc resection is required
     1. Lesions for which en bloc resection with snare EMR is difficult to apply
          • LST-NG, particularly LST-NG (PD)
          • Lesions showing a VI-type pit pattern
          • Carcinoma with shallow T1 (SM) invasion
          • Large depressed-type tumors
          • Large protruded-type lesions suspected to be carcinomab

     2. Mucosal tumors with submucosal fibrosis
     3. Sporadic localized tumors in conditions of chronic inflammation such as ulcerative colitis
     4. Local residual or recurrent early carcinomas after endoscopic resection

EMR endoscopic mucosal resection, ESD endoscopic submucosal dissection, LST-G laterally 
spreading tumor granular type, LST-NG laterally spreading tumor non-granular type, PD pseudo-
depressed, SM submucosal
Tanaka S, Kashida H, Saito Y et al. JGES guidelines for colorectal endoscopic submucosal dissec-
tion/endoscopic mucosal resection Digestive Endoscopy 2015
aPartially modified from the draft proposed by the Colorectal ESD. Standardization implementa-
tion working group
bIncluding LST-G, nodular mixed type
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5.8  Special Considerations

5.8.1  Scar

Previous treatment, such as biopsy, snaring, EMR, or tattoo, can cause submucosal 
scarring. Submucosal injection may be ineffective in formation of a submucosal 
bleb. The lesion may be difficult to snare, and inadvertent slippage of the snare can 
lead to perforation. Furthermore, pathology of the scarred tissue may be difficult to 
interpret. Avulsion of scarred or residual neoplastic tissue with biopsy forceps and 
high-frequency cutting current is a recently promising method for non-lifting tissue 
that is difficult to capture and resect using a snare [25]. A single-center retrospective 
study showed significantly lower recurrence rate in such non-lifting areas using hot 
avulsion compared to APC (OR 0.079, p < 0.001) [26].

5.8.2  Pedunculated Polyps

Pedunculated polyps are supplied by multiple blood vessels, and resection should take 
into account reducing the risk of bleeding. Options include the use of a detachable 
snare (Endoloop), clipping, or epinephrine injection to ligate the vasculature in the 
stalk of the pedunculated polyp. A randomized control trial in 2004 compared epi-
nephrine injection versus detachable snare and found that both significantly decreased 
the risk of bleeding from 15.1% to 2.7% and 2.9%, respectively, but that there was no 
significant difference between epinephrine injection and detachable snare [27]. 
Whereas studies have shown a 5.4% risk of bleeding with hemoclip use [28].

Regardless of technique, the patient should be positioned, so the polyp attaches 
at the 12 o’clock position, and the colonoscope is rotated, so the stalk is at the 6 
o’clock position. The endoloop or clips should be placed at the stalk so that the 
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Fig. 5.5 Hybrid ESD of rectal lesion
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lesion turns dark red indicating that the polyp has been appropriately strangulated. 
Snare resection can then take place. Epinephrine has been described for polyp size 
reduction. It is to be injected into the head of the polyp to reduce polyp volume and 
allow for snaring. This may take up to 8 mL of 1:10,000 epinephrine [14].

5.9  Complications

The most common complications after endoscopic resection include bleeding and 
perforation.

The risk of perforation after EMR is 1–2% and 5–10% after ESD. Delayed per-
foration is thought to result from mural injury at the time of resection and recogni-
tion at the time of resection can decrease the risk of mortality and need for surgery. 
The target sign, the appearance of a white central circular disk representing the 
muscularis propria, surrounded by stained submucosa and a white cauterized, is an 
early indication of perforation [29]. More subtle signs of deep mucosal injury 
include focal loss of the submucosal plane raising concern MP injury. Prophylactic 
clipping is recommended to prevent clinically significant perforation [30].

Bleeding after endoscopic resection can occur immediately or be delayed. There is 
a 7–9% risk of bleeding after endoscopic resection [3]. Various methods such as soft-
tip snare coagulation, coagulation forceps, or clip can be used to treat immediate 
bleeding at the time of resection. A 2014 study found that clinically significant post-
endoscopic bleeding as defined by emergency department visit, hospitalization, or 
need for intervention occurs after 6.3% of EMRs for lesions >20 mm and is associated 
with proximal colon location, the use of electrosurgical cautery without a micropro-
cessor unit but not lesion size, or comorbidities [31]. Fifty-five percent of these bleeds 
resolved spontaneously, and only 33% required endoscopic therapy [32].

5.10  Recurrence and Surveillance

Risk of recurrence in EMR is higher than ESD and is estimated to be 16% at the 
initial colonoscopy and 4% late colonoscopy. Due to the risk of recurrence, careful 
surveillance is recommended. The initial follow-up endoscopic exam is recom-
mended at 6 months. Risk factors for recurrence include LSL ≥ 40 mm, bleeding 
during procedure, and high-grade dysplasia. Tate and colleagues proposed the 
Sydney EMR recurrence tool (SERT) scoring system based on these risk factors and 
suggest that those with a SERT score of 1 or more should have surveillance at 6 and 
18 months, whereas those with a SERT score of 0 could safely undergo first surveil-
lance at 18 months [33].

We recommend standard performance of surveillance colonoscopy at 6 months 
with a high-definition colonoscope. Careful inspection of the scar should be per-
formed with white light and NBI to assess for evidence of macroscopic recurrence. 
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A prospective single-center study found that white light with NBI has a 94%  
(CI 89.6–99.6%) accuracy compared to 91.3% (86.3–94.6%) with white light alone 
[34]. Biopsies should be taken of the scar site even if no macroscopic recurrence is 
detected. We recommend repeat EMR or ESD for recurrence and continued surveil-
lance at 6 month until clear and then 1 year and then 3 years.

 Conclusion

Endoscopic resection should be the treatment of choice for complex colon pol-
yps. Advanced resection techniques should be used to safely accomplish resec-
tion of such lesions. Complications of perforation and bleeding should be 
recognized and can be managed endoscopically. Continued surveillance with 
colonoscopy at 6 months after index procedure is important to detect and treat 
recurrences.
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Colorectal Endoscopic Submucosal 
Dissection

Federico Iacopini and Yutaka Saito

6.1  Introduction

Colorectal carcinoma is the most common gastrointestinal cancer and the third most 
frequently diagnosed malignancy in adults. Screening for colorectal cancer reduces 
the incidence [1] and mortality [2] through the detection and removal of adenoma-
tous polyps and early stage cancers. The 5-year survival rate of colorectal carci-
noma was reported to be 94% for stage 0 and 91% for stage I after surgery and 93% 
after endoscopic resection. Given that endotherapy is less morbid and less expen-
sive than surgery [3], it should be considered as the first line of treatment of early 
colorectal carcinomas with little possibility of lymph node metastasis based on his-
tologic features (microstaging): cancer differentiation well or moderate, submuco-
sal (SM) invasion depth <1000 μm (T1a), lymphovascular invasion negative, and 
budding grade 1 [4, 5].

Various techniques in endoscopic resection can be selected and basically, en 
bloc resection would be the gold standard [6–10]. Endoscopic mucosal resection 
(EMR) is efficient, utilizes not expensive equipments, has a low perforation rate 
(<1%), and can be performed in an outpatient setting as a day stay case, enhancing 
convenience for patients and significantly reducing costs. However, neoplasms 
>20  mm are resected in multiple pieces (piecemeal EMR) with a high rate of 
incomplete resection and recurrence (up to 20% in recent studies), a difficult his-
tologic microstaging and free resection margin determination. Accordingly, endo-
scopic submucosal dissection (ESD) was pioneered in Japan in the late 1990s as 
a better alternative for the removal of early gastric cancers. ESD has the ability to 
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resect lesions en bloc regardless of their size and achieve accurate histological 
evaluation, decreasing recurrence and increasing cure rates. In a meta-analysis 
including 14 studies, Puli et al. [11] concluded that ESD is the best endoscopic 
technique and an alternative to surgery. Nowadays, ESD has become the therapeu-
tic modality of choice for superficial cancers both in the upper and lower gastro-
intestinal tract in Japan and East Asia bringing a renaissance of therapeutic 
endoscopy and offering an organ-sparing cure [12]. However, ESD is performed 
by only in a handful of Western endoscopists and EMR remains the standard [5]. 
In the West, the adoption of ESD for all superficial colorectal neoplasms >20 mm 
is considered premature since the majority of lesions are benign adenoma and 
colorectal ESD is complex and requires long operating time and increased 
resource utilization, and there is not an adequate reimbursement. Finally, the main 
obstacle for ESD adoption in the West is the very flat learning curve and the lack 
of a training protocol [13].

6.2  Indications

An accurate diagnosis directed both to assess the risk of malignancy of the lesion 
and identify its carcinomatous areas is essential to select the endoscopic approach 
[14, 15]. Neoplasm characterization and ESD adoption would probably change the 
yield of the local excision in the natural history of superficial neoplasms. The indi-
cations for the en bloc resection have been identified by the colorectal ESD stan-
dardization implementation working group (Table 6.1) [4]. Neoplasms candidate to 
ESD can be differentiated in two classes: (1) those suspected of being slightly inva-
sive into the SM and (2) those with SM fibrosis.

Criteria of the first class are based on recent strong evidences. The risk and the 
depth of SM invasion can be accurately predicted according to neoplasm morphol-
ogy and superficial patterns (endoscopic characterization). Neoplasms with slight 
SM invasion not precluding a curative endoscopic resection should be removed en 
bloc to accurately evaluate all histologic features prognostic of LN metastasis.

Table 6.1 Indications by colorectal ESD standardization implementation working group

Neoplasms suspected of slightly 
SM invasion

Large-sized (>20 mm) lesions in which en bloc resection by 
EMR is difficult
  LST-NG, particularly those of the pseudo-depressed type
  Lesions showing VI-type pit pattern
  Carcinoma with SM infiltration
  Large depressed-type lesion
  Large elevated lesion suspected to be carcinoma  

(LST-G nodular mixed type and sessile polyps)
Neoplasms with SM fibrosis Mucosal lesions with fibrosis caused by prolapse due to 

biopsy or peristalsis of the lesions
Sporadic localized tumors in chronic inflammation  
(such as ulcerative colitis)
Local residual early carcinoma after endoscopic resection
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The first step of characterization is the evaluation of the neoplasm morphology. 
A recent study from the National Cancer Center Hospital (NCCH) in Tokyo was 
based on the histologic analysis of the largest series of colorectal neoplasms 
removed en bloc by endoscopy or surgery. This study confirms their previous data 
[16] and provides new insights. Laterally spreading tumors with a granular surface 
(LST-G) showed an SM invasion in 19% (80/414) of cases, which was localized 
under a nodule >10 mm in 56% (n.45), a depressed area in 28% (n.22), or was mul-
tifocal in 16% (n.13). A deep SM invasion accounted for 79% (63/80) of invasive 
LST-Gs and was predicted by an invasive pit pattern in only 41% (n.33), with a 
sensibility of 80% in depressed areas, 43% under the nodule, and 17% in multifocal 
cases. Thus, it is clinically important to identify depressed areas and large nodules 
before endoscopic resection since the estimation of the SM invasion depth can be 
inaccurate: overall sensitivity of VI (invasive)/VN pit pattern being low (52%, 33/63) 
(Figs. 6.1, 6.2, and 6.3).

The same study showed that laterally spreading tumor with a nongranular sur-
face (LST-NG) has a 39% prevalence of SM invasion (159/408), which is almost 
double than that of LST-G.  This finding agrees with previous data [17, 18] and 
confirms that en bloc resection is mandatory for LST-NG.  SM invasion was 

a b c

d e

Fig. 6.1 (a) White light image revealed a large laterally spreading tumor granular type (LST-G) 
located in the cecum. (b) Narrow band imaging (NBI) image revealed a tumor boundary clearly, 
which was even more clear after indigo carmine spraying (c). (d) NBI with magnification revealed 
a regular vessel pattern and regular surface pattern suggesting Japan NBI Expert Team (JNET) 
type 2A. JNET type 2A corresponds to low-grade dysplasia in the West and adenoma or low-grade 
intramucosal cancer in Japan. (e) Indigo carmine dye spray with magnification revealed type IV 
and IIIl pit pattern corresponding to JNET type 2A. Final diagnosis of this tumor was LST-G 
nodular mixed type, 5 cm in diameter; the estimated histology was tubular adenoma or intramuco-
sal cancer corresponding to low-grade intramucosal neoplasia in the West. Probably, piecemeal 
EMR (p-EMR) would be planned for this tumor in the West; however, an en bloc resection by ESD 
was performed at the NCCH, Tokyo, Japan
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Fig. 6.2 Histology of the LST-G in Fig. 6.1: intramucosal cancer in most section. However, sub-
mucosal (SM) deep invasion was observed in one section of #15

Fig. 6.3 High-power view of the section #15 (Fig. 6.2) revealed SM deep invasion. The muscula-
ris mucosa was destroyed around this area; therefore, the invasion depth was measured from the 
tumor surface, and 1300 μm invasion was diagnosed. The cancer invasion deeper than 1000 μm 
was one of the risk factors for lymph node metastasis (LNM); consequently, an ileocecal resection 
with LN dissection was conducted
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localized under a depressed area in 45% (n.71) and a SM mass in 10% (n.16), but 
was multifocal in 45% (n.72) cases. The SM invasion was deep in 54% of invasive 
LST-NG (86/151) and predicted by an invasive pattern in 71%: 83% under the SM 
mass, 68% in depressed areas, and 73% when multifocal. Pit pattern diagnosis was 
useful in estimating the SM depth of invasion in LST-NG.

The need of an en bloc resection for other colorectal neoplasm morphologies is 
more defined. Kudo et al. [19, 20] reported that the SM invasion of depressed lesions 
was 44% for lesions 6–10 mm and 89% (31/35) for lesions >15 mm. Sessile polyps 
showed a risk of SM invasion in 30% of lesions >20 mm [21].

The second step of characterization is based on the analysis of superficial pit and 
microvascular patterns to predict SM invasion depth and the risk of lymph node 
metastasis. Pit patterns are categorized according to the Kudo classification [22], 
whereas microvascular patterns should be defined according to the new classifica-
tion proposed by the Japanese NBI Expert Team (JNET), which has with important 
clinical implications [23]. A detailed determination of the type V (irregular) pit pat-
tern by magnifying chromoendoscopy, its differentiation in type VI and VN, and the 
further stratification of type VI in slightly and highly irregular is important to predict 
the rate of deep SM invasion: 6–11% in slightly irregular VI, 49–56% in highly 
irregular VI, and 96% in VN [24, 25].

The second class of neoplasms for which ESD is indicated comprises lesions 
whose main feature is SM fibrosis and poor lifting either related to luminal pro-
lapse/peristalsis, scars of previous attempts of resection (or biopsies and tattoos), 
or chronic inflammatory conditions (i.e., inflammatory bowel diseases, IBD). 
These lesions are the most challenging showing a high failure and incomplete 
EMR even using stiff snares. Although experience is a major determinant for the 
success [26], alternative techniques have been proposed for a complete resection: 
hot avulsion for small remnants (mean size 4.4  mm [27], ablation by argon 
plasma coagulation for larger remnants with the disadvantage of the lack of his-
tology [28]. A hybrid EMR/ESD approach based on a partial SM dissection and 
the use of the snare was found to achieve a 38% en bloc resection rate, a 35% 
complete resection in more than one session, and a 16% recurrence rate [29]. In 
this context, ESD shows better outcomes even when the lesion is >20 mm: en 
bloc resection ranged from 56 to 93%; recurrence rate was 0% [30–32]. However, 
ESD has been evaluated in small case series and the procedure is significantly 
more difficult than in naïve lesions with a high risk of perforation (15% vs. 4%) 
[32]. These data indicate that experts should attempt ESD of residual/scarring 
neoplasms.

Peculiar neoplasms for which en bloc resection by ESD has been proposed are 
large non-polypoid lesions in IBD. Prophylactic proctocolectomy traditionally 
advocated to treat these neoplasms has been substituted by endoscopic resection 
if a curative (en bloc) excision can be achieved and adjacent mucosa is normal 
[33]. EMR is inadequate in this setting due to inadequate lesion lifting secondary 
to the chronic long-standing mucosa/submucosal inflammation [34]. Efficacy of 
ESD for IBD non-polypoid neoplasms was evaluated in one cooperative Italian 
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and Japanese study on a small number of cases [35]. This study demonstrated 
that ESD might expand the curative purposes of endoscopy in long-standing 
ulcerative colitis avoiding unnecessary surgery. Despite a very high (90%) preva-
lence of SM fibrosis, the en bloc and R0 resection rate was 80%, and the 
 perforation rate was 0%.

6.2.1  Colorectal ESD vs. Piecemeal EMR

Piecemeal EMR has proven to be an excellent treatment in expert hands and repre-
sents the standard for most of the lesions in the West [18, 26]. Curative resections of 
large adenomas and carcinoma in situ can be achieved by EMR if the number of 
resected pieces is minimized and the region suspected to contain a carcinoma is not 
sectioned [14, 16, 36]. Conversely, piecemeal EMR is today almost never intention-
ally performed in Japan and East Asia. Japan is the ESD cradle: the procedure was 
introduced to treat early gastric cancer, progressively applied in all GI segments, 
and indications have been proposed and standardized [4].

ESD and EMR have been compared in many nonrandomized studies and meta- 
analyses. One of the most recent meta-analysis by Puli et al. [11] showed that the 
outcomes (pooled odds ratios, OR, [95% confidence interval]) of ESD were supe-
rior to those of EMR for en bloc resection (6.84 [3.30–14.18]), curative resection 
(4.26 [3.77–6.57]), and recurrence (0.08 [0.04–0.17]), even if neoplasms were sig-
nificantly larger (7.38 [6.42–8.34]). Conversely, ESD required significantly longer 
operating time (58.07 [36.27–79.88]) and was associated with a higher risk of per-
foration (4.96 [2.79–8.85]). The significantly higher rate of additional surgery in the 
ESD group (2.16 [1.16–4.03]) was mainly related to a higher rate of invasive neo-
plasms rather to perforation. The higher efficacy of ESD than EMR for lesions 
>20 mm has been also confirmed in prospective multicenter studies from expert 
Western and Japanese centers (Table 6.2).

Table 6.2 Outcomes of EMR and ESD for superficial colorectal neoplasms >20 mm from prospec-
tive studies conducted by two expert centers from Japan and Western countries

Moss [18]
Nakajima [37]
Oka [38]*

Study design
Multicenter (n.7) 
prospective

Multicenter (n.18) 
prospective

Technique EMR EMR ESD
n. procedures 514 1029 816
Neoplasm size, mm  
(median [range])

36 (20–100) 26 (20–120) 39 (20–174)

En bloc (%) n.a. (4 pieces/lesion) 55 95
Procedure time (min) (mean [SD]) 25 (22) 18 (23) 96 (69)
Perforation (%) 1.3 0.8 2
Recurrence (%) 27 6.8* 1.4*

*Data from Oka [38]
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6.3  Training

A standardized training protocol has been identified in Japan and makes ESD widely 
available in the national health system. This is not true in the West due to the low 
gastric cancer incidence and working environment. Trainees embarking on ESD in 
the West differ significantly from their Eastern counterparts: a GI fellow in Japan 
and a mature otherwise experienced therapeutic endoscopist in the West. However, 
the ESD training should be based on the sequential achievement of different skills 
differentiated in three phases.

6.3.1  Propaedeutic Skills

ESD trainees should be experts in colonoscopy, neoplasia characterization, and 
therapeutic interventions. Colonoscopy should be performed with high cecal intu-
bation rates and no loops so to reach the neoplasm with a straight scope and finely 
control the tip movements. Characterization of the risk and depth of SM invasion is 
mandatory to choose the appropriate resection approach. Endoscopists should be 
familiar with EMR and should know how to conduct and control the depth of cut, a 
resection above semilunar folds, and recognize the muscle layer and its injuries. 
Intraoperative bleeding is common during ESD but should not be considered as an 
adverse event. However, it needs to be promptly and systematically controlled and 
prevented since it significantly increases the procedure difficulty. A competence in 
hemostasis and clip placement prior to starting performing ESD is required [39, 40]. 
The relevance of other therapeutic skills remains uncertain. Finally, the ESD trainee 
should also have some aptitudes: perseverance, competence in dealing with stress-
ful situations, and awareness of own limitations.

6.3.2  Theoretic Phase

A solid cognitive preparation is the basis for training. The trainee should be aware 
of the ESD technique, specific approaches for each GI segment, mechanical proper-
ties and maneuverability of endoscopes, working plan of each dissecting knife, 
management of minor and major adverse events, specimen fixation and pathological 
assessment, and postoperative surveillance.

Japanese and Western training protocols begin to differ in this phase. Japanese 
trainees learn ESD in high-volume expert centers while observing and serving as 
assistants. Westerns have to rely on workshops, lives demonstrations, and online 
materials. However, expert observation is irreplaceable, and a visit to expert centers 
represents a great advantage. Although being not allowed to be involved in interven-
tions, doctors visiting high-volume expert centers observe a huge number of proce-
dures performed both by experts and trainees covering the whole spectrum of 
situations. Moreover, they may practice in animal models with the unique opportu-
nity of supervision [41].
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6.3.3  Hands-On Phase

Differences between Japan and the West increase widely in this phase. Japanese 
trainees generally follow a stepwise approach based on an increase of ESD diffi-
culty moving from the distal gastric antrum, to the gastric body and cardia, up to the 
esophagus and colon. These steps are made under the supervision of experts or 
senior endoscopists who offers advices and complete the procedure if necessary.

Gastric ESD (g-ESD) represents the first step. The large lumen facilitates the 
approach, and the thick wall decreases the risk of perforation [42, 43]. A median of 
30 g-ESDs is required for the self-competition of the procedure in the antrum [44, 
45], but 40 and 80 procedures would be the minimum for a proficiency in the 
middle and upper thirds of the stomach [46] and an expertise level, respectively 
[40, 47]. Colorectal ESD (cr-ESD) is allowed after the achievement of g-ESD com-
petence. The colon has a narrow windy lumen, folds, and a thinner wall. Thus, the 
procedure is significantly more difficult and the risk of perforation and peritonitis 
is higher. The learning curve for cr-ESD has been analyzed in several Japanese 
studies starting from the g-ESD experience (Table 6.3). Sakamoto et al. [48] at the 
NCCH reported that a basic competence is reached after 30 cr-ESDs. Other 
Japanese authors reported that the threshold for competency may range from 10 to 
40 procedures, and 80 cr-ESDs could be required to achieve an expertise level [49].

The need of a propaedeutic competence in the stomach and expert supervi-
sion limits the adoption of this protocol in the West. The low incidence of gas-
tric cancer and the low proportion of early lesions diagnosed during upper 
endoscopy [53] reduce the opportunity to start in easier locations, whereas a 

Table 6.3 Learning curves in colorectal ESD based on a previous experience typical of the 
Japanese setting

Operator CR-ESD competence

n., supervision Previous experience
Threshold 
(proc. n.) Measures

Hotta [49] 1, yes g-ESD (n. 20) 40 Op. speed: signif. 
increase
Perforation:  
12% to 5%

Sakamoto [48] 2, yes g-ESD (n. >20)
cr-ESD assistance

30 Self-completion:  
45% to 92%
Perforation: 5%  
(no change)

Probst [50] 2, no g-ESD (n.150)
e-ESD (n.40)

25 En bloc: 60% to 88%

Niimi [51] 1, yes g-ESD (n. >30)
cr-ESD assistance 
animal models

n.a. En bloc: 91%
Perforation: 4%

Shiga [52] 4, yes g-ESD (n.5)
cr-ESD assistance 
animal models

10 R0: 64% to 90%
Perforation:  
15% to 0%

g-ESD gastric ESD, e-ESD esophageal ESD, cr-ESD colorectal ESD
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handful of highly qualified experts makes supervision impractical [54]. The 
Western unfavorable setting and the lack of a standard training protocol are 
probably the main reason to still considering EMR the best approach. However, 
alternative steps have been indicated in a recent European position statement 
based on Japanese expert recommendations: hands-on skills should be sought 
on animal models and then on antral and rectal lesions in humans [5, 13]. 
Compared to the colon, the rectum has a straight and larger lumen, fewer folds, 
and is wrapped by the mesorectal tissue that reduces the clinical relevance of a 
perforation reducing the risk of peritonitis. A small neoplasm in the lower rec-
tum may be treatable as similar to that in the gastric antrum, whereas a lesion 
involving anal canal seems to be similar to one at the cardia. A stepwise training 
protocol based on the ESD competence in the rectum as propaedeutic to that in 
the colon has been investigated in one study conducted in Italy (Table 6.4) [55]. 
The single operator was expert in therapeutic endoscopy, had a limited ESD 
experience on ex vivo animal models, and visited the NCCH in Tokyo for a short 
period before practicing on humans. Competence in rectal and colonic ESD 
(defined as 80% en bloc rate plus significant reduction of operating speed) was 
safely achieved after 20 procedures in both locations. Another recent study from 
South Korea showed that a learning curve in cr-ESD can be started after an 
experience in hybrid ESD.  The ESD en bloc resection rate increased to 80% 
after 50 procedures, and perforation rate decreased from 14% to 6% after 100 
procedures (Table 6.4) [56].

6.3.4  Animal Models

Training on animal models is a feasible option for endoscopists in the West wishing 
to acquire ESD competency. A recent prospective Japanese study by Ohata et al. 
[57] demonstrated that the ex vivo porcine model provides sufficient experience to 
safely perform cr-ESD in humans. Six ESDs in an isolated colon significantly 
decreased the operating speed, and 12 procedures were sufficient to start cr-ESD 
with a 100% en bloc resection and 0–10% perforation. A positive impact of animal 
models on ESD training has been reported by other authors (Table 6.5).

Table 6.4 Learning curves in colorectal ESD based on training protocols reproducible in the 
Western setting

Operator cr-ESD competence

n., supervision
Previous 
experience

Threshold 
(proc. n.) Measures

Iacopini [55] 1, no Exp. observation
Animal model 
(n.6)

r-ESD: n.20
c-ESD: n.20

En bloc: 60% to 80%
En bloc: 20% to 80%

Yang [56] 1, on demand Exp. observation
CI-EMR

50 En bloc: 72% to 80%
Perforation:  
14% to 6% after 100

r-ESD rectal ESD, c-ESD colonic ESD, CI-EMR circumferential incision EMR
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Although these results may not be fully reproducible in the West since conducted 
under expert supervision, training on animal models seems to facilitate familiarity 
both with ESD tools and techniques and differences depending on neoplasm size 
and location. A basic experience on animal models should be recommended before 
starting in humans [39] to manage a risk of perforation that can rise up to 35% 
 during the first cases [62].

6.4  Alternative Approaches

Hybridization of EMR and ESD may deliver substantial gains: increase in en 
bloc resection efficacy (decreased recurrence rate; more accurate histologic 
microstaging), improved feasibility with EMR competence, and utilization as 
intermediate steps in the hands-on ESD training phase. Hybrid resections differ 
according to the grade of hybridization of the two techniques and are defined as: 
CI-EMR when the circumferential incision of the mucosa is followed by snare 
resection; hybrid ESD when SM dissection is conducted up to a feasible en bloc 
snare resection.

Indications for CI-EMR and hybrid ESD rely on lesion size and probably 
lesion morphology. A prospective study on animal models from expert Australian 
authors suggested that CI-EMR could replace piecemeal EMR as the technique 
of choice for LST <40 mm with a 70% en bloc resection rate [63]. Results from 
a prospective study on humans conducted by Japanese experts were different: the 
en bloc resection by CI-EMR was suitable in almost all 20–30 mm lesions (94%) 
but in just few of those measuring 30–40 mm (6%) [64]. However, this study 
showed that CI-EMR achieved a complete resection in one or two pieces in 84% 
of cases, and the recurrence rate was 0%, much lower than the 10–26% reported 
when the specimen number ranges from 3 to 4 [38, 65, 66]. Similarly, two retro-
spective comparative studies from Japan and South Korea showed a progressive 
increase in the en bloc resection efficacy with an increasing grade of hybridiza-
tion toward ESD: 62% by CI-EMR, 65–91% by hybrid ESD, and 97–99% by 
ESD [67, 68].

Table 6.5 Learning curves in ESD on animal ex vivo models

Previous 
experience Animal model

ESD competence
Threshold 
(proc. n.) Measures

Hon [58] None Ex vivo porcine colon n.a. Op. time
Yoshida [59] cr-ESD <10 Fresh ex vivo bovine & 

porcine colon
n.a. Op. time

Kato [60] None Ex vivo porcine 
stomach

30 En bloc and 
perforation

Pioche [61] Animal model: 
6

Ex vivo bovine colon 16 Op. speed

Ohata [57] None Ex vivo porcine colon 6 Op. speed
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6.5  Technical Developments

ESD is traditionally based on the repetition of SM injection and dissection to guar-
antee a safe dissection of the lesion from the muscularis propria. This goal may be 
simplified by either using long-lasting solutions or adopting new devices or dissec-
tion strategies.

Japanese experts generally use glycerol (10% glycerol and 5% fructose in nor-
mal saline solution) and sodium hyaluronate acid (the most long-acting agent) [69]. 
The use of these agents has resulted in safer, easier, and more effective ESDs than 
using just normal saline. With the same purpose, various knives with a water jet 
function that permits both to inject and cut without tool exchanges have been intro-
duced: Flush knife BT (Fujifilm, Tokyo, Japan); Jet B-knife (Zeon Medical, Tokyo, 
Japan); Splash needle (Pentax Medical, Tokyo, Japan); Hybrid knife (ERBE 
Elektromedizin, Tubingen, Germany); and Dual-jet (Olympus, Tokyo, Japan). 
These knives seem to decrease both procedure time and increase safety [70–73].

The pocket-creation method is a new strategy to overcome some of the ESD dif-
ficulties. The mucosal incision is not circumferential until the SM dissection is fin-
ished in a tunneling fashion and the creation of a “pocket.” This strategy prolongs 
the duration of SM injection, stabilizes the endoscope position, and facilitates tissue 
traction. The pocket-creation method seems to make cr-ESD easier (faster) and 
more effective (higher en bloc resection rate) [74].

Another strategy for easier ESD is the traction method using clip-nylon in distal 
colorectum and S-O clip traction in any location. Methods to improve countertrac-
tion make colorectal ESD easier and faster [75, 76].

6.6  Colorectal ESD Prognostics of Difficulty

The recognition of prognostics of cr-ESD difficulty would improve both its feasibil-
ity and safety. This effort has been exclusively evaluated by Japanese authors with 
some discordance mainly due to different study designs, definitions of difficulty, 
and neoplasm features [52, 77–83]. The largest multicenter study conducted in 
Japan by Takeuchi et  al. [82] showed that preoperative prognostics of difficulty 
were size >40 mm (OR 5), a poor scope operability (OR 2.8), and poor lesion lifting 
(OR 10.7). However, there were also intraoperative prognostics that contribute to 
the gradient of difficulty: scope operability, SM fibrosis, gravity, and countertrac-
tion efficacy [78, 81–83].

The definitive identification of prognostics of difficulty and/or severe adverse 
events and predicted gradients of difficulty would be the most effective intervention 
to boost a widespread cr-ESD adoption. Outcomes are susceptible to many different 
difficulties that cannot be fully addressed with the basic level of competency. A 
steady 85% en bloc resection rate and low perforation rate (<5%) are achieved when 
more than 200 consecutive cases of ESD have been performed [84]. This volume of 
experience is easily reached in Japan and East Asia but not in the West. Japanese 
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and Western cr-ESD implementation protocols should be tailored on prognostics of 
difficulty, and quality outcomes for each gradient of difficulty should be standard-
ized and used as key performance indicators. Given all data that are accumulating to 
support the safety and efficacy of ESD in the hands of skilled endoscopists, it is only 
a matter of time before it becomes more widely available outside of Asia. One of the 
major hurdles of disseminating ESD would be determining how and who should be 
certified to practice.

 Conclusion

ESD is a reliable technique for achieving en bloc resection of large colorectal 
superficial neoplasms with superior curability and pathological evaluation com-
pared to piecemeal EMR. Colorectal ESD reduces unnecessary surgery of muco-
sal carcinomas and improves the quality of life for patients with lower rectal 
lesions. Given its technical difficulties, colorectal ESD has specific indications, 
and the appropriate approach should be selected according to pretreatment tumor 
characterization. Further development of training systems will promote a world-
wide standardization of the procedure. Ex vivo and in vivo animal training pro-
grams may provide the best chance to enhance safety and effectiveness of 
learning curves in Western countries. Developments of new devices and strate-
gies resulted in improvements of outcomes. ESD adoption should continue to 
steadily increase in the coming years, and reimbursement guidelines based on 
key performance indicators will be required to guarantee the best outcomes.
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Submucosal Injection Solutions 
for Colon Polypectomy

Antonio Facciorusso and Nicola Muscatiello

7.1  Introduction

As widely described in previous chapters of this book, colon polypectomy either 
through endoscopic mucosal resection (EMR) and endoscopic submucosal dissec-
tion (ESD) is a standard procedure for treating noninvasive mucosal adenomas and 
neoplasms, with the aim to interrupt the adenoma-carcinoma sequence leading to 
invasive cancer [1, 2]. EMR and ESD are usually performed through the injection of 
a fluid agent into the submucosal space to expand it, rendering polypectomy easier 
and safer (“inject-and-cut” technique) [3, 4]. In particular, bleeding is the most fre-
quent adverse event of endoscopic polypectomy, especially in the case of large 
pedunculated or flat lesions, with a reported incidence ranging from 0.3 to 6.1% and 
can occur up to 3 weeks after the procedure [4].

Several injection solutions have been tested and are currently used to create a 
submucosal cushion delimiting the lesion from the muscularis propria, so allowing 
the complete resection of the lesion and preventing perforation and thermal injury 
to the gastrointestinal (GI) wall.

Normal saline (NS) solution is most commonly used in clinical practice because 
of its low cost and ease of use. However, NS often requires repeated injections 
because of its rapid absorption into the surrounding tissue, thus increasing the risk 
of piecemeal resection and theoretically hampering the overall efficacy of the 
procedure [5].

This aspect pushed the endoscopy community to test various submucosal injec-
tion solutions such as hyaluronic acid (HA), glycerol, dextrose water (DW), fibrino-
gen mixture (FM), polidocanol, and hydroxypropyl methylcellulose (HPMC) in 
order to fulfill the pressing need of the ideal agent for EMR and ESD [6].
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Such substances have been tested due to their ability to create a longer-lasting 
submucosal cushion as a result of their viscous properties. In doing so, they should 
be potentially able to allow lengthier procedures and increase the rate of en bloc 
resection, even for large lesions [7, 8].

However, despite the promising results of the preliminary reports, their efficacy 
in preventing the main complication after polypectomy, namely, postpolypectomy 
bleeding (PPB), is still a matter of debate.

An ideal submucosal injection solution should be inexpensive, readily available, 
nontoxic, and easy to prepare and inject and should provide a long-lasting submu-
cosal cushion [9]. It should also provide a sufficiently high submucosal elevation to 
facilitate an en bloc resection (to reduce the local recurrence rate) and reduce the 
risk of perforation [10].

Unfortunately, none of the aforementioned substances seem to fulfill all these 
features.

Table 7.1 summarizes the characteristics of the various submucosal injection 
solutions tested so far.

Table 7.1 Submucosal injection solutions for EMR and ESD

Solution
Submucosal 
lift duration Cost Advantages Disadvantages

Normal saline + + Cheap, readily 
available, easy to 
inject, safe

Rapidly re-adsorbed

Hypertonic saline ++ + Cheap, readily 
available, easy to 
inject

Local complications such as 
inflammation and tissue damage

Hyaluronic acid +++ +++ Determines the 
longest-lasting 
cushion, high en 
bloc rate, low risk 
of perforation

Expensive, not widely available, 
very viscous, seems to stimulate 
the proliferation of residual 
adenoma cells

Glycerol ++ + Cheap, readily 
available

Smoke production

Dextrose ++ + Cheap, readily 
available

Local inflammation, tissue 
damage

Fibrinogen mixture +++ ++ Long-lasting 
cushion, easy to 
use, 
microvascular 
hemostatic effect 
which helps to 
keep the field 
clean, not 
expensive

Limited availability, risk of 
contamination/infection spread

Hydroxypropyl 
methylcellulose

+++ ++ Long-lasting 
cushion, not 
expensive

Local inflammation, tissue 
damage, high viscosity

A. Facciorusso and N. Muscatiello



91

Since the appropriate selection of submucosal injection solutions is important for 
successful EMR and ESD, in this review we aim to address recent advances in this 
field. Physical characteristics of various submucosal injection solutions are also 
described.

7.2  Submucosal Injection Solutions

7.2.1  Normal Saline Solution

Normal saline has been one of the first solutions to be adopted in colon polypec-
tomy due to its low cost, safety, and ease of use. Therefore, NS is still currently the 
most used solution for EMR worldwide and the agent for which most literature is 
available. However, the greatest issue with NS is the rapid dissipation of the submu-
cosal cushion which often requires more injections thus increasing the risk of piece-
meal resection [6, 11]. This may represent a real problem particularly for flat 
elevated lesions or large lesions for which maintaining a long-lasting submucosal 
cushion at a proper height is of paramount importance. Noteworthy, flat and large 
pedunculated polyps are specifically those at higher need of fluid solution injection, 
while use of “injection-and-cut” technique for small and non-flat lesions is more 
questionable.

These findings have been confirmed in a recent meta-analysis of five RCTs 
which found NS significantly inferior to viscous hypertonic solutions (hydroxyethyl 
starch, 50% dextrose, sodium hyaluronate, succinylated gelatin, and hyaluronic 
acid) in terms of en bloc resection rate of lesions >2 cm [Odds ratio (OR): 2.09, 
1.15–3.80; p = 0.02], while a slighter difference was registered for smaller polyps 
(OR: 1.21, 0.32–4.60; p = 0.78) [12].

Solution
Submucosal 
lift duration Cost Advantages Disadvantages

Succinylated gelatin +++ + Cheap, long- 
lasting cushion, 
easy to use, 
readily available

Limited data, no apparent 
benefit in preventing bleeding

Autologous blood +++ ++ Long-lasting 
cushion, not 
expensive

Limited data, risk of clotting in 
syringe

Polidocanol +++ + Long-lasting 
cushion, not 
expensive, lower 
risk of bleeding 
due to its 
sclerosing 
activity

Theoretical risk of wall necrosis 
and perforation, need to 
confirmation in randomized 
trials

EMR endoscopic mucosal resection, ESD endoscopic submucosal dissection

Table 7.1 (continued)
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Dilute epinephrine (1:100,000–1:200,000) is often added to NS fluid due to the 
theoretical benefits of decreased bleeding and a sustained submucosal cushion (due 
to delayed absorption of fluid resulting from decreased vascular flow and vasocon-
striction) with no apparent increase in side effects [13]. Only anecdotal case reports 
on systemic catecholaminergic effects (hypertension, tachycardia, ischemia) have 
been published, and serious concerns on NS + epinephrine injection can be excluded 
[14–16].

In spite of the promising results of a preliminary retrospective study [17], two 
prospective randomized controlled trials (RCTs) failed to report a significant advan-
tage of submucosal injection of dilute epinephrine as compared to NS alone in pre-
venting delayed PPB [18, 19]. Only Hsieh’s study found a slight benefit of 
epinephrine over NS as for immediate bleeding [18], but delayed PPB (well-known 
to be usually more severe) rate did not differ between the two groups.

In a recent meta-analysis of seven RCTs, epinephrine injection determined a 
pooled risk ratio (RR) 0.37 (95% confidence interval 0.20–0.66; p = 0.001) when 
compared to no prophylaxis, while it resulted inferior to other mechanical proce-
dures such as loop or clips [20]. Of note, a network meta-analysis published this 
year confirmed epinephrine-saline injection as effective in preventing early PPB 
(RR: 0.32, 0.11–0.67) but failed to find any prophylactic measure (epinephrine-
NS injection, mechanical therapy, or combined) as associated to lower delayed 
PPB [21].

Table 7.2 reports the main characteristics of RCTs comparing epinephrine-saline 
injection to other/no prophylactic measures for PPB [18, 19, 22–26].

Staining dye (i.e., diluted indigo carmine or methylene blue) is frequently added 
to the injection solution to facilitate identification of the margins of the target lesion 
before and during resection [27]. Staining dye may also help in early identifying 
tissue injury and perforation [27].

7.2.2  Hypertonic Saline Solution

Hypertonic saline (HS) solution shares a number of advantages of NS, namely, it is 
inexpensive, readily available, and easy-to-inject but creates a higher submucosal 
cushion than normal saline [6, 28].

However, some concerns have been raised on a non-negligible risk of tissue dam-
age and local inflammation after hypertonic sodium chloride injection due to its 
higher osmolarity [29]. Animal studies comparing several different submucosal 
injection solutions found considerable tissue damage with 3.75% NaCl and dex-
trose water (DW) injection visualized mainly as mucosal erosion which persisted a 
week after the procedure [29]. Histological specimen examination showed degrada-
tion of epithelial glands, congestion of capillary vessels, and finally fibrosis of sub-
mucosal layer a week after injection [29].

Due to the aforementioned drawbacks, HS is not used routinely in the clinical 
practice.
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7.2.3  Glycerol

A more promising hypertonic agent is glycerol solution consisting of 10% glycerin 
and 5% fructose in a NS solution. Glycerol is safely used intravenously as an 
osmotic agent against cerebral edema, [30] and it has been used in interventional 
endoscopy since the first report in 1995 [31].

Since then, a few studies have evaluated its effect as a submucosal injection 
solution.

In an in  vitro study comparing glycerol and NS conducted on fresh resected 
human colon specimens, glycerol group maintained significantly longer-lasting 
submucosal elevation, and the hemispheric shape produced by glycerol solution 
facilitated snaring satisfactorily [32].

Based on this finding, Uraoka et al. retrospectively compared the en bloc and 
complete resection rates as well as safety of EMR of colorectal laterally spreading 
tumors (LSTs) performed either through glycerol or NS injection [33]. En bloc 
resection rate was 63.6% (70/110) in the glycerol group and 48.9% (55/113) in the 

Table 7.2 Randomized controlled trials comparing epinephrine-saline injection with other/no 
prophylactic therapy for postpolypectomy bleeding

Study, year Country Period Treatment
Polyp size 
(mm)

Early 
bleeding

Delayed 
bleeding

Rohde, 2000 
[22]

Germany NR A: Epinephrine-NS 
(20)
B: None (20)

A: 15 
(7–28)
B: 15 
(11–35)

A: 1 (5%)
B: 5 
(25%)

A: 0 
(0%)
B: 0 
(0%)

Hsieh, 2001 
[18]

Taiwan 1997–
1999

A: Epinephrine-NS 
(39)
B: None (48)

NA A: 0 (0%)
B: 2 
(4.2%)

A: 0 
(0%)
B: 0 
(0%)

Di Giorgio, 
2004 [23]

Italy 1995–
2002

A: Detachable snare 
(163)
B: Epinephrine-NS 
(161)
C: None (164)

A: 
22.2 ± 5.9
B: 
24.7 ± 5.3
C: 
21.6 ± 4.8

A: 2 
(1.2%)
B: 3 
(1.9%)
C: 10 
(6.1%)

A: 1 
(0.6%)
B: 2 
(1.2%)
C: 3 
(1.8%)

Dobrowolski, 
2004 [24]

Poland 2000–
2002

A: Epinephrine-NS 
(50)
B: None (50)

A: 
16.3 ± 5.4
B: 
16.1 ± 5.9

A: 1 (2%)
B: 8 
(16%)

A: 0 
(0%)
B: 0 
(0%)

Paspatis, 
2006 [25]

Greece NR A: Snare + 
Epinephrine-NS (84)
B: Epinephrine-NS 
(75)

A: 
27.1 ± 8.9
B: 
26.3 ± 8.1

A: 1 
(1.2%)
B: 7 
(9.3%)

A: 1 
(1.2%)
B: 1 
(1.3%)

Kouklakis 
2009 [26]

Greece 2004–
2007

A: Endoloop with 
clipping (32)
B: Epinephrine-NS 
(32)

A: 
25.6 ± 12
B:  
27 ± 11

A: 0 (0%)
B: 2 
(6.3%)

A: 1 
(3.1%)
B: 2 
(6.3%)

NR not reported, NS normal saline

7 Submucosal Injection Solutions for Colon Polypectomy



94

NS group (p = 0.03). Subgroup analysis based on lesion size confirmed superiority 
of glycerol solution in LSTs <20 mm (p < 0.01) but found no significant difference 
in greater lesions (≥20  mm) [33]. Therefore, although glycerol provides higher 
overall en bloc resection rates, it does not seem to increase the efficacy of EMR in 
those lesions more difficult to remove.

The rate of associated complications such as perforations and delayed PPB was 
similar in both groups [33]. These results led to a wide use of glycerol as injection 
solution for EMR in a number of countries such as Japan [11].

As reported in the above-cited animal study and confirmed in vivo by Uraoka 
et al., glycerol does not determine any apparent mucosal damage nor histological 
tissue alteration [29, 33]. In the discussion to their study, Fujishiro et al. acknowl-
edge the favorable cost-effectiveness of glycerol which, although appears slightly 
inferior to hyaluronic acid (HA) as to safety and lesion-lifting ability, is consider-
ably cheaper [29]. Authors speculate that the excellent safety of glycerol is mainly 
due to its ability to pass freely through the cell membrane, because the osmotic 
pressure difference between the inside and the outside of the cell membrane is only 
generated by an additional use of 5% fructose in the solution, which causes no cell 
destruction [33]. On the contrary, because osmotic pressure of glycerol is approxi-
mately seven times higher than the extracellular fluid, glycerol is able to produce 
sufficient submucosal cushion [33].

In conclusion, glycerol appears as a very promising agent for colon EMR but 
needs further confirmation in RCTs as all clinical reports are currently only from 
small Eastern retrospective series.

7.2.4  Dextrose Water

Among the most frequently used hypertonic solutions, properties of dextrose water 
(DW) have been extensively described. DW presents many of the features of an 
ideal injection solution: it produces and maintains high and long-lasting mucosal 
elevation, it is cheap, widely available, and easy to inject [34, 35]. Varadarajulu 
et al. found 50% DW superior to NS in terms of en bloc resection rate (82% vs 44%; 
p = 0.01) with need of smaller volumes (median 7 mL vs 5 mL; p = 0.02) and fewer 
injections (median 2 vs 1; p = 0.003) and similar complication rate [34]. Similar 
efficacy results were found by Katsinelos et al. who compared 50% DW plus epi-
nephrine versus NS plus epinephrine during EMRs of sessile rectosigmoid polyps 
(>10 mm) [36]. However, despite the findings of Varadarajulu’s report, this study 
raised concerns about the safety of DW solution since the risk of thermal tissue 
injury (e.g., postpolypectomy syndrome) was significantly higher than in the NS 
plus epinephrine group [36].

The aforementioned animal study comparing several injection solutions tested 
the mucosal effects of DW at five different concentrations (5, 10, 15, 30, and 40%) 
and registered considerable tissue damage with DW at concentrations ≥20% with 
milder alterations (mucosal whiteness with marginal redness lasting less than a 
week) observed even with 15% DW [29]. DW at 20% produced tissue changes 
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similar to those observed with hypertonic saline solution (see above), while in 30, 
40, and 50% DW, shallow ulcerations were formed a day after injection and per-
sisted a week after injection [29]. Of note, histological examination showed not 
only mucosal damage but even muscle layer damage in 30, 40, and 50% DW-injected 
pigs [29].

The most studied DW solution in clinical trials is 50% DW, which was tested in 
three RCTs [34, 35, 37] of which two comparing 50% DW to NS [33, 34] and one 
to sodium hyaluronate (SH) [37]. A recent systematic review and meta-analysis 
found only nonsignificant trends in favor of 50% DW both in terms of complete 
resection rate [odds ratio (OR): 1.12 (0.69–1.80) vs NS and 1.04 (0.65–1.68) vs SH] 
and bleeding rate (OR: 0.54, 0.11–2.57 vs NS and 0.25, 0.03–2.26 vs SH) with 
considerably higher complication rate [38].

Based on these findings, use of DW at a concentration ≥15% is highly discour-
aged due to the high risk of mucosal ulcers and damage of the resected specimen 
with consequent inaccurate histopathological assessment [39].

7.2.5  Hyaluronic Acid

Hyaluronic acid (HA) is a type of glycosaminoglycan found in connective tissue, 
commonly used for intra-articular injections in osteoarthritis patients and in eye 
surgery [40, 41].

The efficacy of HA in EMR has been previously tested in animal models  
[28, 42–44].

Yoshida et al. compared in a porcine model 0.9% NS and four concentrations of 
800-kDa HA (0.4, 0.2, 0.13, and 0.1%) [42]. All concentrations of HA solution 
maintained greater mucosal elevation at all times than NS (p < 0.05), and mucosal 
elevation diminished 2 min after the submucosal injection with NS but was main-
tained 2 min after injection with 0.4, 0.2, and 0.13% HA [42].

Similar results were found by Hyun et al. who demonstrated that the mucosal 
elevation induced by 0.1% HA lasted longer than the elevation by NS or by man-
nitol in a resected mongrel colon [43].

In the previously cited animal study by Fujishiro et  al., two solutions of HA 
(0.25% 1900 kDa and 0.125% 1900 kDa) were found to be safe and not to determine 
any significant tissue damage after injection [29]. Therefore, authors concluded that 
HA solution may be the best with regard to tissue damage as well as to its lesion-
lifting ability because it is a thick substance with high viscoelasticity and it is not 
antigenic or toxic to humans, but its crucial disadvantage may be the high cost [29].

Based on these premises, HA has been tested in several clinical reports 
[45–50].

Yamamoto et al. found sodium hyaluronate safe and effective for en bloc resec-
tion of gastric lesions up to 20 mm [45] and large colonic tumors [46]. The same 
group conducted an open-label prospective study with 0.4% sodium hyaluronate in 
40 patients with colon lesions up to 20 mm, finding an en bloc resection rate of 
82.5% (33/40) and complication rate 10% (4/40) [47].
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Moreover, HA resulted in a greater number of successful en bloc resections and 
lower perforation rates also in gastric and colorectal ESD [48–50].

Commercially available sodium hyaluronate solutions are usually too thick to 
inject through catheters and need dilution with NS before use, which increases the 
risk of contamination. In order to obviate to this issue, Kim et  al. have recently 
evaluated a ready-to-use 0.4% sodium hyaluronate (Endo-Ease®, UNIMED Pharm. 
Inc., Seoul, Korea) in a multicenter RCT with 152 patients (72 with a gastric neo-
plasm and 82 with a colorectal neoplasm) [51]. The usefulness rate was signifi-
cantly higher in the sodium hyaluronate group than in the NS group (89.2% vs 
60.0% for gastric neoplasms and 95.3% vs 67.7% for colorectal neoplasms, 
p < 0.001) as well as ease of mucosal resection as perceived by the endoscopist 
(p  <  0.001) [51]. The injected volume was even smaller than in the NS group 
(p < 0.05) [51].

Some authors raised concerns on the potential stimulation of the growth of resid-
ual tumor cells mainly due to increased CD44 expression of cancer cells at the 
wound sites induced by HA [52]. Therefore, HA should not be used for endoscopic 
piecemeal resection procedures because it increases the risk of residual tumors, 
while it appears to be an adequate agent for ESD [6].

Unfortunately, despite the optimal results in animal and clinical trials, the use of 
HA solutions in clinical practice is still limited by the costs.

Fujishiro et al. evaluated the possibility of developing an appropriate low-cost HA 
solution by diversifying its molecular weight and mixing it with various solutions 
such as glycerol or DW. They report that a mixture of 0.125% 1900 kDa sodium 
hyaluronate with 20% DW created a similar viscoelasticity to that of the 0.5% 
800 kDa sodium hyauronate/NS solution [53]. Furthermore, the 0.125% 1900 kDa 
SH/glycerol solution created similar submucosal fluid cushions with a synergistic 
effect of increased viscoelasticity and the hypertonic nature of glycerin [53]. 
Therefore, authors concluded that a mixture of higher molecular weight sodium 
hyaluronate with a sugar solution (particularly 20% dextrose), with or without glyc-
erin, should be regarded as a cost-effective option for colon polypectomy [53].

The same authors successfully tested the mixture of 1900 kDa HA (Suvenyl) 
with a 10% glycerin plus 5% fructose solution (Glyceol) in ESD of 67 large GI 
tumors in 54 patients [54]. Perforation occurred only once (1.5%) and was managed 
conservatively by endoscopic clipping, while endoscopic hemostasis was necessary 
twice (3%) because of postoperative bleeding [54]. Overall endoscopic and histo-
logic en bloc resection rates were 94% (63/67) and 78% (52/67), respectively, and 
there was no recurrence after follow-up of 1 year [54].

A Western group published a series of 30 patients with 32 colonic and 1 duo-
denal lesions treated with an over-the-counter 0.15% HA preparation, which 
resulted safe, effective, and above all considerably cheaper than usual HA solu-
tions [55]. Specifically, en bloc resection was achieved in 26 of the 28 lesions up 
to 25 mm in diameter, whereas all the lesions measuring 30–60 mm (5/32) required 
piecemeal resection; there was only one complication, a case of postpolypectomy 
bleeding [55].
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In conclusion, HA has all the hallmarks of the ideal solution, but the high costs 
limited its use in clinical practice. Less expensive mixtures of HA at lower concen-
trations with other solutions need further confirmation.

7.2.6  Fibrinogen Mixture

Fibrinogen mixture (FM) entered clinical practice in 2004, when Lee et al. pub-
lished a series of 35 early stage gastric neoplasms treated with EMR through FM 
injection [56]. Authors registered 82.9% en bloc resection rate and 88.6% complete 
resection rate, as a consequence of the properties of FM, namely, viscosity (which 
produces a long-lasting submucosal elevation that allows EMR without the need of 
additional injections), and the microvascular hemostatic effect (thereby keeping the 
visual field clear) [56]. These results were confirmed in a subsequent RCT compar-
ing FM with NS solution in 72 patients with early gastric cancer (EGC) receiving 
EMR [57]. No significant differences were observed between the two groups (FM 
vs NS) in the rates of en bloc resection (80.6% vs 88.9%), complete resection rate 
(86.1% vs 80.6%), and recurrence rate (3% vs 6.1%), while mean procedure time 
was significantly shorter in the FM group (11.39 ± 3.07 min vs 13.93 ± 3.26 min; 
p < 0.05) [57]. Moreover, mean submucosal injection volume of the FM group was 
significantly lower (9.81 ± 2.26 mL vs 14.32 ± 2.35 mL; p < 0.05), and additional 
submucosal injections were less frequently required (5.6% vs 33.3%; p < 0.05) [57].

Therefore, FM may be a suitable submucosal injection solution and may be a 
good and cheaper alternative to HA [39], but being produced using coagulation 
proteins of human serum, it has the risk of transmitting hepatitis or other viruses due 
to the contamination of sera [11].

These safety concerns and the costs (less then HA but higher than NS) have 
 limited the use of FM so far.

7.2.7  Hydroxypropyl Methylcellulose

Hydroxypropyl methylcellulose (HPMC) is a cellulose derivative with viscoelastic 
properties, primarily used by ophthalmologists in Western countries for creating 
artificial tears [58].

In a preliminary study, HPMC was found to create a long-lasting submucosal 
fluid cushion with minimal tissue damage [59]. Later animal studies confirmed the 
efficacy of HPMC for EMR of large mucosal lesions [43, 60, 61]; of note, duration 
of mucosal elevation was correlated with viscosity but not with osmolarity [43].

As already seen with HA, HPMC is very viscous and needs to be diluted before 
injection. Although HPMC is less expensive than HA, it is a synthetic product that 
may give rise to antigenic reactions (unlike HA), and robust data from clinical stud-
ies is still lacking [6]. Therefore, clear assumptions on HPMC routinely use cannot 
be drawn.
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7.2.8  Succinylated Gelatin

Succinylated gelatin (SG) is a clear, inexpensive, 4% colloidal solution commonly 
available for intravenous resuscitation. Its pharmacological basis is that succinyl-
ation negatively charges the gelatin molecule resulting in spatial expansion, thereby 
occupying significantly more volume than non-succinylated protein chains of the 
same molecular weight [62]. As a consequence, when used intravenously, it has a 
long-lasting volume replacement effect, and its oncotic action is comparable with 
that of human albumin [62]. Moreover, SG has a favorable safety profile, and its 
only contraindication is history of gelatin hypersensitivity.

An animal study by Moss et al. found SG safe and determining a 42% increase in 
surface area for en bloc EMR as compared to NS [62]. Moreover, the median submu-
cosal cushion duration was 60 min with SG versus 15 min with NS (p < 0.005), and 
median procedure duration with SG was 2.6 min vs 2.5 min with NS (p = 0.515) [62].

Based on these striking results, the same group conducted an RCT enrolling 80 
patients with large colorectal sessile polyps (≥ 20 mm) randomized either to SG (41 
subjects) or NS (39 patients) [63].

The two groups did not differ as to complete single-session lesion excision rate 
(90% both) and safety profile, while a significant difference in favor of SG was 
found with regard to the primary endpoint, namely, a specific numeric parameter 
called “Sydney resection quotient” defined as lesion size in mm divided by the num-
ber of pieces to resect [63]. The median of this quotient was 10.0 (interquartile 
range, 7.5–20) in SG group and 5.9 (4.4–11.7) in NS patients (p  =  0.004) [63]. 
Furthermore, SG resulted in fewer resections per lesion (3.0, 1.0–6.0 vs 5.5, 3.0–
10.0 of NS; p = 0.028), fewer injections per lesion (2.0, 1.0–3.0 vs 3.0, 2.0–11.0; 
p = 0.002), lower injection volume (14.5 mL, 8.5–23.0 vs 20.0 mL, 16.0–46.0 with 
NS, p = 0.009), and shorter procedure duration (12.0 min, 8.0–28.0 vs 24.5 min, 
15.0–36.0 with NS, p = 0.006) [63]. However, although authors concluded that SG 
almost halves the number of resections for piecemeal EMR as well as the procedure 
duration, PPB did not differ significantly between the two groups thus speaking in 
favor of a non-superiority of SG as for this important outcome [63].

Further clinical studies are warranted to confirm the promising results of SG.

7.2.9  Polidocanol

Polidocanol has been known as a sclerosing agent for several years and is broadly 
used in the treatment of esophageal varices, hemangiomas, and hemorrhoids. 
Following previous observations that at 1% concentration polidocanol presents a 
pro-coagulative effect with no risk of necrosis of deeper mucosa layers [64], our 
group decided to evaluate the efficacy of polidocanol injection in preventing PPB as 
compared to epinephrine solution in a series of 612 patients with large (≥20 mm) 
LSTs or sessile polyps [65]. After propensity score matching, polidocanol resulted 
more effective in preventing both immediate and delayed PPB (3.9% vs 10.7% of 
control group, p = 0.001 and 1.3% vs 6.2% of control group, p = 0.002, respec-
tively), and its efficacy was confirmed in almost all the subgroups regardless of 
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polyp size and histology [65]. Severe complications were rare, and the two groups 
did not differ in number of snare resections for lesion and procedure duration 
(p = 0.24 and 0.6, respectively) [65].

In their editorial to our study, Repici et al. raised some concerns on the safety of 
polidocanol [66]; however, it should be noted that the theoretical harmful effects in 
promoting inflammation and mucosal necrosis, which have limited its use in polyp-
ectomy procedures so far, occurred only with concentrations superior to 2% and 
higher volumes since the extension of the damage is tightly dependent on the con-
centration and on the volume injected [65, 67].

On the contrary, since polidocanol solution contains ethanol, its electrical con-
ductivity is significantly lower than saline solutions, and consequently the spread of 
thermal damage over mucosal layers is more limited [64].

Based on our promising results and the apparently favorable cost-effectiveness 
and safety profile, we consider polidocanol a valuable option for colon EMR which 
needs further confirmation in RCTs.

7.2.10  Autologous Blood

Encouraging results have been recently reported on the use of autologous blood for 
submucosal injection [8, 68, 69].

In a pivotal animal study comparing six solutions as cushioning agents in live 
pigs, animal’s own whole blood resulted in significantly longer mucosal elevations 
than any other solution (namely, NS, NS plus epinephrine, albumin 12.5%, albumin 
25%, and HPMC) [68].

Similar findings were obtained in another animal study conducted in a resected 
porcine stomach, where autologous blood resulted in considerably longer mucosal 
lifting and generated adequate mucosal elevation for the resection of high-quality 
specimens [69].

On the basis of these premises, a clinical Japanese study successfully performed 
EMR through submucosal injection of autologous blood in 28 patients with 35 
colorectal polyps, with no increase in complications and obtaining optimal speci-
mens for pathologic examination [70].

The specific properties of autologous blood offer several advantages: first, its 
corpuscular components allow prolonged submucosal elevation, while its procoagu-
latory mediators promote local hemostasis thus preventing PPB; second, it is inex-
pensive, readily available, and safe [6].

However, procoagulatory constituents in blood can cause clotting in the syringe 
if an injection is delayed, and further human data is needed to clarify the real role of 
autologous blood in the armamentarium for EMR and ESD.

7.2.11  Other Solutions

In addition to the above commented solutions, several other submucosal injection 
agents have been developed and experimented for EMR or ESD.
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Carboxymethylcellulose (CMC) is commonly used as a viscosity modifier or 
thickener. Since it is reported to be nontoxic and nonallergenic [71], CMC has been 
considered a suitable injection agent to EMR. Burns et al. demonstrated in vitro that 
due to its high viscosity, CMC at concentrations greater than 2% was able to dissect 
the submucosal from the muscular layer [72].

Subsequently, Lenz et al. found CMC superior to NS and comparable to HPMC 
in terms of submucosal lifting duration (31 min vs 37 min for HPMC and only 19 
for NS) in the stomach of nine pigs [61]. In another animal study, Yamasaki et al. 
compared various concentrations (0.5–3.5%) of CMC and confirmed that CMC 
solution dissects most of the mucosal layer from the muscular layer at the concen-
tration above 2.0% [73]. Therefore, authors proposed 2.5% CMC as ideal submuco-
sal agent for gastric ESD, as confirmed also in histopathological examinations 
which revealed no tissue damage [73]. Some concerns were raised on the high vis-
cosity of the solution which required a special 18G submucosal injection needle 
catheter to minimize injection resistance in the aforementioned animal study [73]. 
By the way, no general indications on the use of CMC for EMR/ESD can be cur-
rently suggested given the lack of clinical studies.

Chitosan hydrogen (CH), a natural polysaccharide produced through deacety-
lation of chitotin, is a well-known viscous solution with hemostatic, anti-bacterial, 
and wound healing properties [74, 75].

Ishizuka et al. showed in an animal study with rat models that submucosal injec-
tion of CH produces a significantly thicker submucosal layer and reduced delayed 
bleeding as compared to hypertonic saline and HA [76]. Such results were con-
firmed by the same group in another animal study conducted on 18 pigs [77]. CH 
injection led to a longer-lasting elevation with clearer margins, compared with 
hypertonic saline, thus enabling precise ESD along the margins of the elevated 
mucosa; moreover, the endoscopic appearance after ESD was similar in both groups 
[77]. Finally, CH biodegradation was completed within 8 weeks according to endo-
scopic and histologic analyses [77].

Unfortunately, there is not yet enough reported evidence on the effectiveness and 
safety of CH in humans, so further clinical studies are warranted prior to actual 
clinical use.

Biodegradable hydrogels can deliver therapeutic payloads with great potentials in 
EMR and ESD to yield improvements in efficacy and foster mucosal regeneration.

Tran et  al. compared an injectable drug-eluting elastomeric polymer (iDEEP) 
with NS and sodium hyaluronate in ex vivo porcine stomachs [78]. All EMR proce-
dures were successfully performed after injection of iDEEP, and the elevation height 
of iDEEP (5.7 ± 0.5 mm) was higher than that of saline solution (2.8 ± 0.2 mm, 
p < 0.01) and sodium hyaluronate (4.2 ± 0.2 mm, p < 0.05) [78].

Sodium alginate was proved as effective as sodium hyaluronate as injection solu-
tion for EMR in an animal study with six dogs [79]. Histological examination of 
EMR-induced artificial ulcers revealed no apparent tissue damage and showed nor-
mal healing process, as confirmed in other series [79, 80]. These findings were 
confirmed in a small series of 11 patients undergoing gastric ESD [81]. In particular, 
ESD using sodium alginate was completed successfully in all patients without 
adverse effects except in one patient in whom transient shrinkage of the gastric wall 
disappeared spontaneously after approximately 30 min [81].
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Interesting results were provided by an RCT comparing hydroxyethyl starch + epi-
nephrine and NS + epinephrine in patients with colorectal LSTs ≥30 mm [82]. HES + E 
injection produced a more prolonged submucosal elevation (median 20.15 min; range, 
9.6–13.4 vs 18.5 min, 14.5–28.4 in NS + epinephrine group; p < 0.001) and lowered 
overall procedure time (20.15 min, 12–32.5 vs 22.8 min, 18–34.5 in NS + epinephrine 
group); however, the safety of EMR was not influenced [82].

Table 7.3 summarizes all the RCTs comparing different submucosal injection 
solutions for colon polypectomy.

Table 7.3 Randomized controlled trials comparing different submucosal injection solutions for 
colon polypectomy

Study, year Country Period Treatment
Polyp size 
(mm)

En bloc 
resection 
rate

Bleeding 
rate

Lee, 2007 
[19]

Korea 2003–
2004

A: 
Epinephrine-NS 
(244)
B: NS (242)

A: 14.5 ± 5.7
B: 15 ± 6.8

A: 261 
(94.9%)
B: 268 
(93.7%)

A: 12 
(4.9%)
B: 25 
(10.4%)

Katsinelos, 
2008 [36]

Greece 2005–
2007

A: 50% Dextrose 
(45)
B: 
Epinephrine-NS 
(47)

< 20 mm:
A: 21 
(46.6%)
B: 19 
(40.4%)
20–39 mm:
A: 16 
(35.5%)
B: 16 (34%)
≥40 mm:
A: 8 (17.7%)
B: 12 
(25.5%)

A: 31 
(66.6%)
B: 21 
(44.7%)

A: 4 
(8.8%)
B: 5 
(10.6%)

Hurlstone, 
2008 [37]

UK NR A: 50% Dextrose 
(82)
B: Sodium 
Hyaluronate (81)

A: 18 mm
B: 20 mm

A: 59 
(72%)
B: 56 
(69%)

A: 1 
(1.2%)
B: 4 
(4.9%)

Kishihara, 
2012 [7]

Japan 2009 A: Sodium 
Hyaluronate (46)
B: NS (48)

A: 11.3 ± 3
B: 12.5 ± 4

A: 45 
(98%)
B: 45 
(94%)

A: 3 (7%)
B: 3 (6%)

Yoshida, 2012 
[49]

Japan NR A: HA (93)
B: NS (96)

A: 8.9 (8–16)
B: 8.2 (5–15)

A: 90 
(96.7%)
B: 94 
(97.9%)

A: 1 
(1.1%)
B: 1 (1%)

Moss, 2010 
[63]

Australia 2009 A: SG (41)
B: NS (39)

A: 40 
(25–45)
B: 35 
(30–50)

A: 12 
(30%)
B: 6 
(15%)

A: 3 (7%)
B: 7 
(18%)

Fasoulas, 
2012 [82]

Greece 2006–
2012

A: Epinephrine- 
HES (25)
B: 
Epinephrine-NS 
(24)

All LSTs 
>30 mm

A: 6 
(24%)
B: 5 
(20.8%)

A: 1 (4%)
B: 6 
(25%)

HA hyaluronic acid, HES hydroxyethyl starch, LST lateral spreading tumor, NR not reported,  
NS normal saline, SG succinylated gelatin

7 Submucosal Injection Solutions for Colon Polypectomy



102

All these solutions, despite the promising results in animal/in vitro studies, need 
to be tested in clinical trials with adequate sample size in order to be introduced in 
the clinical practice.

 Conclusion

Although submucosal injection is not essential for all polypectomy procedures, 
it is an integral part of injection-assisted EMR.  Various solutions have been 
tested and are currently used, but definitive evidences on the superiority of one 
submucosal agent over the others are still lacking.

Which particular features of a mucosal lesion determine the real need of sub-
mucosal injection and which injection solution is superior are still matter of 
debate. Addressing this point through adequately sized RCTs represents a press-
ing need in order to deliver unequivocal guidelines in this important field.
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8.1  Introduction

Polypectomy is associated with complications such as bleeding, perforation, and 
post-polypectomy coagulation syndrome that is extremely rare. Additionally, one 
third of patients report gastrointestinal symptoms including abdominal pain, diar-
rhea, bloating, and nausea that resolve within 24–48 h.

As for post-polypectomy bleeding and perforation, data from the English 
National Health Service Bowel Cancer Screening Programme (NHSBCSP) report 
an 11-fold and threefold increased risk as compared to diagnostic colonoscopy [1]; 
hence the proper management of these common complications should be part of the 
background knowledge of every endoscopist.

8.2  Post-polypectomy Bleeding (PPB)

Post-polypectomy bleeding (PPB) may occur immediately or may be delayed (from 
days to week after the procedure).

Immediate or intra-procedural bleeding occurs during the procedure and persists 
for more than 60 s or requires endoscopic treatment. Delayed or post-procedural 
bleeding occurs after the procedure, up to 30 days post-polypectomy [2].

Many studies have identified a risk of PPB ranging from 0.07 to 1.7% [3–5]. 
Data from the English National Health Service Bowel Cancer Screening Programme 
on 69.028 polypectomies found an overall PPB rate of 1.14% [1]. Intra-procedural 
bleeding occurs in 2.8% of standard polypectomies [6], while delayed 
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(post-procedural) bleeding varies from 0.6 to 2.2% in large series (>1000 polypec-
tomies) [7–9].

Endoscopic mucosal resection (EMR) of small lesions (<10 mm) is associated 
with PPB rates similar to those of conventional polypectomy. In large series of EMR 
(>1000 cases) which reported higher rates of PPB, the incidence ranges between 3.7 
and 11.3% for immediate PPB and 0.6–6.2% for delayed PPB [10–12].

Endoscopic submucosal dissection (ESD) was found to present an overall bleed-
ing rate of 2% in a recent meta-analysis [13]. Another recent meta-analysis of eight 
studies including 2299 colorectal lesions showed lower rate of delayed PPB for 
ESD compared with EMR (OR 0.85, 95% CI 0.45–1.60) [14].

8.2.1  Risk Factors for PPB

8.2.1.1  Polyp-Related Factors
Polyp-related factors are size, location, and morphology. Polyp size is the most 
important risk factor for PPB and every −1 mm increase in diameter leads to an 
augmented risk of bleeding of 9% for polyps greater than 1 cm [15]. Overall, polyps 
larger than 1 cm have a twofold to 4.5-fold increased risk of bleeding [16, 17].

Other additional baseline predictive factors for bleeding are location in the right 
hemicolon (2.6-fold to 4.6-fold risk) [18, 19], pedunculated polyps (with a stalk 
diameter >5  mm) [20], and laterally spreading tumors (LST) [16, 17]. In an 
Australian prospective multicenter study of 1172 patients with LST with mean size 
35.5 mm, intra-procedural bleeding was experienced in 11.3% of cases and was 
associated with increasing size, villous or tubular-villous histology, Paris type 0–
IIa + Is lesions, and low-volume centers with less than 75 EMR performed. In the 
same study, delayed PPB occurred in 6.2% of cases and was associated with proxi-
mal colon location (OR 3.72), use of electrosurgical current not controlled by a 
microprocessor (OR 2.03), and immediate PPB (OR 2.16) [10].

In some studies polyp pathology resulted as a risk factor for PPB with villous fea-
tures or adenocarcinoma at higher bleeding risk [9, 16, 21]. In a recent prospective 
study on 15,553 polypectomies from 2005 to 2013, hamartomatous polyps (juvenile 
and Peutz-Jeghers polyps) resulted as a risk factor for delayed hemorrhage with odds 
ratios of 5.7 and 4.3 as compared to inflammatory/hyperplastic polyps [22].

8.2.1.2  Patient-Related Factors
Age greater than 65 years, hypertension, cardiac disease, renal disease, and anti-
thrombotic therapy have been associated with a higher risk for PPB [17, 21]. In a 
recent study, patients with BMI > 25 kg/m2 had 3.7 times higher risk of delayed PPB 
than those with BMI <25 kg/m2 [23].

The use of antithrombotic therapy is one of the major risk factors for PPB; risk 
varies based on the type of antithrombotic agent (antiplatelet agent or anticoagu-
lant) [24].

Antiplatelet agents (APA) are aspirin and thienopyridines (clopidogrel, ticagre-
lor, prasugrel).
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Despite the well-known bleeding risk related to aspirin use [25–27], however 
most data shows that aspirin use is safe and does not increase the risk of PPB [28, 
29]. Therefore, both the European and the American guidelines recommend con-
tinuing aspirin in patients undergoing polypectomy, while the BSG-ESGE guide-
lines recommend discontinuing aspirin in the case of EDS and large colonic EMR 
(>20 mm) [24].

A recent meta-analysis of five observational studies found that continued therapy 
with clopidogrel increases the risk of delayed but not immediate post-polypectomy 
bleeding [30] with an overall pooled relative risk (RR) for PPB of 2.54 (p < 0.5). 
Other studies confirm the increased risk of delayed PPB in patients in therapy with 
clopidogrel [25]. No data are available on PPB in patients taking other 
thienopyridines.

American and European guidelines recommend discontinuation of thienopyri-
dines 5 days before polypectomy when the thrombotic risk is low, while in patients 
on dual antiplatelet therapy (DAPT), continuation of aspirin is suggested. In the 
case of high thrombotic risk, current guidelines recommend continuing aspirin and 
liaising with a cardiologist about the discontinuation of thienopyridines [24, 31].

Patients anticoagulated with warfarin have a significantly increased risk of PPB; 
hence it is recommended that patients at low thrombotic risk should discontinue 
warfarin 5 days before polypectomy reaching a value of INR < 1.5 and restart ther-
apy on the day of the procedure [24, 31]. Patients at high thrombotic risk should 
substitute warfarin with low molecular weight heparin (LMWH).

No data on PPB in patients taking DOAC (direct oral anticoagulant) are currently 
available. In these patients is recommended discontinuation of therapy 48 h before 
the procedure [24, 31].

8.2.1.3  Technique-Related Factors
Polyps less than 10 mm can be removed with biopsy forceps, cold snare, and hot snare.

Cold forceps biopsy polypectomy is the simplest method, but it is associated 
with significant rates of incomplete polyp removal.

Snare polypectomy can be cold or hot if supplemented by electrocautery. A pro-
spective multicenter trial of 1015 polyps (<10 mm) removed with cold techniques 
(biopsy forceps or snare) found that these techniques are safe and associated with an 
increased risk of intra-procedural bleeding but not of delayed PPB; bleeding was 
successfully treated by endoscopic hemostasis in all cases without further medical 
intervention [8].

Cold snare polypectomy is considered the technique of choice for polyps less 
than 10 mm; in two studies [32, 33] intra-procedural bleeding was more frequent in 
the case of cold snare polypectomy but resolved without intervention, while in 
another study intra-procedural and delayed PPB was more frequently reported in 
hot snare polypectomy group [33, 34]. All these studies concluded that cold snare 
polypectomy is superior to hot snare, quicker, and with less post-procedural abdom-
inal symptoms.

Electrocautery is used to remove polyps greater than 10 mm; electrosurgical set-
tings used for snare resection are pure coagulation, cutting, and blended current [35]. 
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The use of cutting and blended current has been associated with immediate PPB, 
whereas the use of coagulation current has been associated with delayed PPB [36].

Main risk factors for post-polypectomy bleeding are reported in Table 8.1.

8.2.2  Management of PPB

The available options to treat PPB are injectable solutions and thermal and mechan-
ical devices.

For intra-procedural bleeding, endoscopic coagulation (snare-tip soft coagula-
tion or coagulation forceps) or mechanical therapy (endoclips) is recommended, 
with or without injection of diluted adrenaline solution (1:10,000 or 1:20,000) [2]. 
Application of through-the-scope clips is one of the most used methods; in the case 
of bleeding after the removal of a sessile polyp, clip must be placed directly over the 
point of bleeding opposing the mucosa on both sides, while if the bleeding is from 
the stump of a pedunculated polyp, clips should be placed perpendicular to the stalk 
base. The snare-tip soft coagulation is a technique that involves protruding the snare 
tip beyond the catheter, followed by application of coagulating current while touch-
ing the tip directly onto the bleeding point. Coagulation forceps are reserved for 
more complicated and severe cases [37]. Adrenaline injection can be useful to 
obtain initial control of hemorrhage, but it should be always used in combination 
with other techniques. Washing with a foot pedal-controlled water pump is useful to 
clear the field, to point the bleeding vessel, and to confirm the cessation of bleeding 
after the treatment. Washing also infiltrates the submucosal tissue inducing a tam-
ponade effect [38].

Over-the-scope clips (OTSC; Ovesco Endoscopy, Tuebingen, Germany) are 
effective in the case of refractory bleeding [39, 40].

In the case of delayed PPB if patient is hemodynamically stable and with no 
ongoing hemorrhage, a conservative management is recommended [2]; in >50% of 
cases, bleeding stops spontaneously and does not require any intervention. If bleed-
ing persists patient should repeat colonoscopy, after an adequate bowel preparation 
in order to identify the site of active bleeding. Endoscopic treatment with forceps 
coagulation or mechanical therapy with or without adrenaline injection is recom-
mended [41]. There is no consensus on the technique of choice, but the most com-
monly used methods are clipping and forceps coagulation (with or without 
adrenaline injections). Clipping has been found to be superior to forceps 

Table 8.1 Risk factors for post-polypectomy bleeding (PPB)

Polyp-related factors Patient-related factors
Technique-related 
factors

   - Size (>1 cm)
   - Location (right colon)
   -  Morphology (pedunculated polyps, 

LST)
   -  Pathology (villous, tubular-villous, 

hamartomatous polyps)

- Age <65
- Hypertension
- Cardiac disease
- Renal disease
- Antithrombotic therapy
- BMI < 25 kg/m2

- Hot snare polypectomy
- Electrocautery
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coagulation especially because it limits tissue injury [42]. Some studies have shown 
efficacy of band ligation to treat PPB in the case of pedunculated or semi-peduncu-
lated polyps [43].

Intra-procedural bleeding after EMR is usually controlled by thermal devices 
and the use of a voltage-limited microprocessor to prevent deep thermal injury. In 
particular, snare-tip soft coagulation is an effective method to control bleeding dur-
ing EMR [41]. If this technique does not achieve hemostasis, additional treatments 
with endoclips or coagulation forceps are recommended [44]. Delayed PPB is man-
aged as previously described.

In the case of ESD, risk factors for bleeding are lesion size (>30 mm), rectal 
location of lesions, presence of submucosal fibrosis, and low-volume centers [45, 
46]. Intra-procedural bleeding can be managed using settings on the electrosurgical 
unit during the precut and submucosal dissection phases. Bleeding during dissec-
tion can be treated by soft coagulation followed by application of the coagulation 
grasper to the bleeding vessel if hemostasis with the former method is unsuccessful. 
Delayed bleeding can be treated with conventional endoscopic techniques, prefera-
bly with endoclips to avoid worsening of thermal injury [47].

8.2.3  Prevention of PPB

There is no consensus on the prophylaxis of PPB.
Epinephrine injection is associated with lower rates of PPB compared with saline 

injection or no injection [48, 49]. We evaluated the efficacy of submucosal injection 
of polidocanol in the prophylaxis of PPB compared to epinephrine solution injec-
tion in a series of 612 patients with large sessile polyps (>20 mm). Polidocanol 
resulted more effective than epinephrine in preventing both immediate and delayed 
post-polypectomy bleeding (3.9% vs 10.7% of control group, p = 0.001 and 1.3% 
vs 6.2% of control group, p = 0.002, respectively) [50].

Prophylactic clip placement is ineffective in reducing delayed bleeding in polyps 
<10 mm in size [51]. On the other hand, in a retrospective study of 524 polyps 
>20 mm, prophylactic clipping was associated with a reduced risk of PPB [52].

Prophylactic clipping after standard polypectomy or EMR may be considered on 
the basis of patient and polyp-related risk factors and reserved to patients at high 
risk of post-polypectomy bleeding [2], but more RCTs on prophylactic therapies are 
required.

A meta-analysis and systematic review found that both monotherapy (epineph-
rine injection or clip placement) and combined therapy (epinephrine injection and 
clip placement) reduce immediate PPB, whereas combination therapy is superior to 
monotherapy in the prevention of immediate PPB. Monotherapy with mechanical 
devices and combined therapy are effective in the prevention of delayed PPB, while 
monotherapy with epinephrine injection is ineffective [53].

Cautery is useful to treat PPB, but neither argon plasma coagulation (APC) nor 
coagulation forceps have been effective in the prevention of post-polypectomy 
bleeding [54, 55].
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8.3  Colon Perforation

Colon perforation (CP) is widely recognized as one of the most serious post- 
polypectomy complications. The rates range from 0.01 to 0.8% for diagnostic colo-
noscopy but can reach 5% following therapeutic procedures, such as endoscopic 
submucosal dissection (ESD) [56]. The main consequence of these procedures is 
the resection of mucosa, thus weakening the colon wall and increasing the risk of 
perforation and post-polypectomy syndrome [57].

Since colon perforation is a dreaded complication potentially leading to tension 
pneumoperitoneum (presence of air in to peritoneum) which is responsible for car-
diovascular arrest, prophylactic clip closure has been found to be effective in clos-
ing the wall breach [58].

Carbon dioxide insufflation and periodic decompression of the colon as well as 
removing the biopsy cap could also prevent pneumoperitoneum [59, 60].

Once pneumoperitoneum is diagnosed, the treatment consists in drainage by 
insertion of angiocath or alternatively in leaving the endoscope in the colon to 
decompress it.

Besides air escape, fecal and fluid leakage out of the colonic wall may occur; 
hence adequate cleansing is important to avoid peritonitis [60].

Micro-perforation and macro-perforation are distinguished on the base of the 
size of perforation and the timing of detection (the former is not detected during 
endoscopy, whereas the latter is easily diagnosed immediately by the endoscopist). 
They are both result of cautery and dissection of the submucosal layer. Timing of 
detection is crucial since in the case of immediate diagnosis, endoscopic treatment 
may be still feasible, while surgery is mandatory when detection of perforation is 
late.

Risk factors for macro-perforation are the failure of lifting the lesion by injection 
of submucosal solution, resection into deep submucosa, and attempted polypec-
tomy [59].

8.3.1  Risk Factors for Perforation

Risk factors are mainly related to polyp features and technique/device adopted. 
Polyp-related factors are location, morphology, and size of lesion. A non- 
pedunculated polyp in the distal colon is associated with a 12-fold decreased risk of 
perforation as compared to a similar polyp in the cecum [61]. Likewise, laterally 
spreading or non-polypoid lesions are at higher risk of perforation. Additionally, the 
grade of infiltration of lesion in the wall is an independent risk factor (Vienna clas-
sification 4, noninvasive high-grade dysplasia, and Vienna classification 5, invasive 
neoplasia) [62].

Finally, previous polypectomy attempts cause submucosal fibrosis which will 
impair successful lifting of the lesion with submucosal injection and increase the 
risk of perforation [63].
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The main mechanisms of perforation are mechanical injury (55%), polypectomy 
(27%), or thermal injury (18%) [64, 65].

Blunt trauma can occur in the attempt to explore a tract of the colon (commonly 
the sigma) that may be fixed by adhesions or extremely redundant [65].

In addition, retroflexion of the colonoscope, severe proctitis, and pelvic radiation 
therapy are other recognized risk factors.

Different resection techniques lead to different risks of perforation: 0.01% with 
hot biopsy, 0.17% with polypectomy, 0.91% with EMR, and 3.3% with ESD [66].

Unlike perforations resulting from mechanical injury and polypectomy, perfora-
tions from thermal injuries (due to electrocautery or APC used to ablate tissue or 
control bleeding) tend to be small (1 cm) and are often located in the cecum [67].

Finally the expertise of the endoscopist influences perforation risk, while deep 
sedation (with propofol) does not seem to influence it [67, 68].

8.3.2  Prevention of Colon Perforation

Several precautions should be considered before the procedure to reduce the risk of 
perforation or at least to manage its consequences. First, the patient should always 
be counseled on benefits and risk especially in the case of complicated polypectomy 
of larger lesions [69].

Proper bowel preparation is of paramount importance to avoid the ultimate con-
sequence of perforation, namely, fecal peritonitis. In this regard, a split dose of PEG 
seems to be the protocol of choice [70].

As for polyp resection, the use of distal attachment devices (such as cap-fitted 
colonoscope) may allow to have an easier approach to lesions hidden between the 
folds and help to optimize endoclip placement [71].

As previously described, insufflation with carbon dioxide rather than room air 
may minimize the risk of pneumoperitoneum especially with prolonged procedures, 
thus reducing post-procedure abdominal pain and hospitalization [72].

8.3.3  Management of Colon Perforation

Proper assessment of the depth of resection and immediate identification of perfora-
tion during endoscopy dramatically decrease the need of surgery. Dye solution 
injection to form cushion underneath the polyp may be useful in these cases since a 
persistent absence of staining is related to a deep injury and exposed or submucosal 
fibrosis [73, 74].

The white cautery ring indicating disruption of the muscularis layer resembles a 
target sign surrounded by blue-stained submucosa. A corresponding target sign will 
also be present on the underside of the resected specimen [75]. These advances 
allow early detection of perforation during the procedure before the overt clinical 
signs or free air seen on radiographic imaging and further stress the importance of 
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methodically examining the polypectomy defect. Full-thickness resections and deep 
resection with exposure of the muscle should be closed with clips.

Currently available through-the-scope clips (TTSC) allow to rotate and regulate 
the angle for placement and eventually to reopen if closure is not successful [76]. 
On the other hand, TTSC present a smaller wingspan and lower closure force, and 
often multiple clips are needed.

Over-the-scope clips (OTSC) are made of nitinol (nickel–titanium alloy) that fit 
over the distal tip of endoscope. They can have rounded teeth for hemostasis and 
pointed teeth to close perforations.

OTSC grasp more tissue than TTSC, but its disadvantage is that it must be loaded 
on the scope before closing the tip [77–79].

Therefore, TTSC may be of use in the case of wall defect smaller than 2 cm, 
whereas OTSC should be considered for larger breaches or ESD-related perfora-
tions [80].

8.3.4  Patient Management After Perforation

The patient must be promptly hospitalized, and broad-spectrum intravenous antibi-
otic and fluids should be administered, with blood count monitored every 6–8 h.

To prevent cardiopulmonary compromise, tension pneumoperitoneum should be 
decompressed using an 18–20 gauge needle [81].

Surgical counseling is strongly suggested even when endoscope closure has been 
achieved, whereas surgery is mandatory in the case of large perforations or general-
ized peritonitis. In one series, technical success rate of TTSC closure was 91% 
(29/32) with seven patients requiring surgery. TTSC was clinically unsuccessful in 
five patients who finally required surgical intervention [82]. Risk factors associated 
with the need for early surgical treatment (within 24 h of endoscopic closure) were 
perforations greater than 1  cm, persistent leukocytosis, fever, severe abdominal 
pain, and a large amount of free intraperitoneal air (extending more than 3 cm below 
the diaphragm) [82].

Strict observation is needed after closing the wall defect in order to detect those 
subjects who develop late complications needing surgery.

With the correct timing and technique, endoscopic treatment of perforation leads 
to similar results as compared to surgery [83].

8.4  Post-polypectomy Syndrome

Post-polypectomy syndrome is the result of the transmural thermal injury which 
leads to a peritonitis in the absence of perforation [84], and its incidence varies from 
1 in 1000 to 3 per 100,000 examinations.

Non-polypoid morphology, size larger than 1  cm, and hypertension are well- 
recognized risk factors of post-polypectomy syndrome [85]. Common symptoms 
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are fever, leukocytosis, and localized abdominal pain and tenderness 1–5 days after 
polypectomy.

The treatment includes fasting, antibiotic for 7  days, and hospitalization for 
5 days [84].
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9Anticoagulants and Antiplatelet Agents 
in Patients Undergoing Polypectomy

Angelo Milano, Francesco Laterza, Konstantinos Efthymakis, 
Antonella Bonitatibus, and Matteo Neri

9.1  Introduction

Antithrombotic drugs are frequently used to reduce thromboembolic risk in condi-
tions such as atrial fibrillation (AF), coronary heart disease (CHD), venous throm-
boembolism (VTE), and endoprostheses. These are classified in two categories: 
anticoagulants (ACs) and antiplatelet agents (APA). The first act on the clotting 
cascade, while the latter impede platelet aggregation. The ACs include (1) vitamin 
K antagonists (e.g., warfarin), (2) heparin derivatives (e.g., unfractionated heparin 
(UFH) and low molecular weight heparin (LMWH), fondaparinux, e.g., Arixtra), 
and (3) direct oral anticoagulants (DOAC) that include direct factor Xa inhibitors, 
like rivaroxaban (Xarelto) and apixaban (Eliquis), as well as dabigatran (Pradaxa), 
a direct thrombin inhibitor. APA span from classical agents such as aspirin to the 
newer thienopyridine class that includes clopidogrel and prasugrel and the most 
recent cyclopentyl triazolo-pyrimidines, like ticagrelor. Platelet aggregation inhibi-
tors are frequently used in association, unlike anticoagulants that are typically used 
in monotherapy, in order to reduce thromboembolic risk in patients presenting with 
a variety of predisposing conditions, by ultimately impeding clot formation.

Consequently, major adverse events of such treatments include GI bleeding, and 
their use increases the risk of hemorrhage, especially in case of endoscopic inter-
ventions [1–3]. This is particularly true for anticoagulants and all the more for the 
newer DOAC, which seem to increase bleeding risk when compared to warfarin and 
for which, up to now, a reversal agent is not available even though some are in devel-
opment. For this reason, when endoscopic procedures are necessary, both bleeding 
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and thrombotic risks should be considered. In fact, bleeding risk associated to pre-
scribed antithrombotic regimen (e.g., aspirin, clopidogrel, prasugrel, DOAC) and 
thrombotic risk in case of drug interruption need careful balancing, based on predis-
posing condition to thrombosis (low-risk versus high-risk condition) and bleeding 
risk inherent to the endoscopic procedure (low-risk versus high-risk procedure). 
Lastly, in some cases, reevaluation may be important in determining the appropri-
ateness of prescribed treatments according to current indications (e.g., ASA in 
 primary prophylaxis).

Polypectomy, endoscopic mucosal resection (EMR), and submucosal dissection 
(ESD) are included among the high bleeding risk procedures in drug-free patients; 
when considering treated subjects, appropriate evaluation of anticoagulant or anti-
thrombotic regimens is fundamental for cost-effective management, tailored to the 
individual patient.

9.2  Procedure-Related Bleeding Risk

An exhaustive literature discussion on bleeding risk in patients undergoing mucosal 
resection during colonoscopy is difficult mainly due to differences in study design, 
endoscopic techniques considered, and, more importantly, the broad definitions 
used. Crucially, the latter can result in rather heterogeneous events being grouped 
under the same term, when a more precise classification could prove useful in 
assessing “real-life” GI bleeding risk and hence guide periprocedural management. 
For instance, polypectomy-related hemorrhage can refer either to procedural bleed-
ing (PB), which may occur during procedures and can be self-limiting or controlled 
by hemostatic techniques, or post-procedural bleeding (PPB), which can be self- 
limiting or requiring an unplanned hospital admission, blood transfusions, and/or 
repeated endoscopic hemostatic procedures [4]. These important distinctions are 
sometimes not taken into account in published studies, resulting in confusing and 
not comparable results. Moreover, most studies are retrospective in nature, with low 
event prevalence ranging from 0.6 to 2.2% in sample sizes of >1000 cases [5–12]. 
In one recent study [12], mean time of delayed onset of the bleeding was 
4.0 ± 2.9 days, in line with previous data [5]. The most important factor predispos-
ing to bleeding was polyp size, with a 9% increased risk (OR 1.09; 95% CI, 1.0–1.2) 
for every millimeter of increase in polyp diameter [5]. Moreover, the use of a non-
controlled cutting current and use of pure cutting current are also independent risk 
factors for PPB [13, 14]. In the case of EMR, bleeding risk seems to be higher than 
polypectomy, with an incidence of immediate bleeding between 3.7 and 11.3% and 
of delayed bleeding between 0.6 and 6.2% [15, 16]. Nevertheless, for lesions 
<10 mm, EMR is comparable to polypectomy. Compared to the previous proce-
dures, ESD seems to show a higher bleeding rate, with an OD of 2.20 (95% CI, 
1.58–3.07) [17]. In two studies on colonic polypectomy (polyp size <1  cm) in 
patients assuming warfarin, the authors found that hemorrhages requiring blood 
transfusion happened in 0.8% of the cases, despite prophylactic clips were applied 
routinely [18] and that cold snare resection compared to hot snare resection showed 
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minor immediate hemorrhage (5.7 vs 23%) or delayed hemorrhage (0 vs 14%) [19]. 
Unfortunately, data on patient bleeding risk in each study are lacking, so that these 
percentages may not reflect outcomes in specific clinical scenarios.

9.3  Polypectomy and Warfarin

In 2016, managing guidelines for patients under antithrombotic treatment undergo-
ing endoscopic procedures have been revised both by the ASGE and jointly by the 
ESGE and BSG [4, 20], with some notable differences. The American guidelines 
stratify risk for thromboembolic events in anticoagulated patients in three categories 
(high, medium, and low; see Table  9.1). On the contrary, in the joint European 
guidelines, only two categories are considered (high and low risk), in order to better 
discriminate, in case of warfarin discontinuation, which patient will benefit from a 
bridging treatment with low molecular weight heparin (LMWH) and who will not 
(see Table  9.2). For example, one should note the differences in approach for 
patients with atrial fibrillation (AF), with or without valvular disease. The latter 
group in fact, based on a study conducted on 1884 patients, is considered at low risk 

Table 9.1 Risk of thromboembolism in patients on anticoagulation [20]

Annual 
risk Mechanical heart valve

History of VTE or thrombophilic 
conditions

High Any mitral valve prosthesis
Any caged-ball or tilting disc aortic 
valve prosthesis
Recent (within 6 months) CVA or TIA

Recent (within 3 months) VTE
Severe thrombophilia (deficiency of 
protein C, protein S, or antithrombin; 
antiphospholipid antibodies; multiple 
abnormalities)

Medium Bileaflet aortic valve prosthesis and one 
or more of the following risk factors: 
AF, prior CVA or TIA, hypertension, 
diabetes, congestive heart failure, age 
>75 years

VTE within the past 3–12 months
Non-severe thrombophilia (heterozygous 
factor V Leiden or prothrombin gene 
mutation)
Recurrent VTE
Active cancer (treated within 6 months or 
palliative)

Low Bileaflet aortic valve prosthesis without 
AF and no other risk factors for CVA

VTE >12 months previous and no other 
risk factors

Table 9.2 Risk stratification of patients on warfarin therapy. Bridging treatment with LMWH 
during warfarin discontinuation benefits high-risk conditions [4]

Low-risk condition High-risk condition
•  Prosthetic metal heart valve in aortic 

position
•  Prosthetic metal heart valve in mitral 

position
•  Xenograft heart valve •  Prosthetic heart valve and AF
•  AF without valvular disease •  AF and mitral stenosis
•  >3 months after VTE
•  Thrombophilia syndromes (liaise with 

hematologist)

•  <3 months after VTE
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for thrombotic complications and therefore does not require bridging therapy with 
heparin [21]. In this study, patients were randomized to bridge therapy with LMWH 
versus placebo. While there were no differences in incidence of arterial thromboem-
bolism (0.3% vs 0.4%, respectively), an increased incidence of bleeding in the hep-
arin group was observed (3.2% vs 1.3%, respectively). The ASGE guidelines, on the 
contrary, consider AF without valvular disease as a more complex scenario. They, in 
fact, suggest the use of the CHA2DS2-VASc score to evaluate thromboembolic risk 
in a case-by-case manner [22]. This score includes different thromboembolic risk 
factors, including congestive heart failure, hypertension, older age, diabetes, stroke, 
prior myocardial infarction (MI) or peripheral artery disease, or aortic plaque and 
sex. The higher the score (ranging from 1 to 9), the greater the thromboembolic risk. 
A score of ≥2 identifies patients at high risk, suggesting bridging therapy in case of 
warfarin interruption.

In summary, regarding patients on warfarin but with a low risk for thrombotic 
events, indications dictate warfarin discontinuation 5 days before polypectomy and 
a confirmed INR value of <1.5 prior to the procedure. After the procedure, warfarin 
can be restarted on the same day. In the case of patients at high risk for thromboem-
bolism, warfarin should be managed as above, but adding bridging therapy with 
LMWH is recommended. In particular, LMWH treatment should start 2 days after 
warfarin discontinuation and should be stopped 24 h prior to the procedure, in order 
to minimize the risk of bleeding. The day after the procedure, LMWH should be 
restarted until a therapeutic INR under warfarin is achieved. Although the above 
treatment management should minimize both bleeding and thrombotic complica-
tions in the majority of patients, consultation with a cardiologist may be desirable in 
particular cases and clinical scenarios.

9.4  Direct Oral Anticoagulants

DOAC have been widely prescribed since their approval, thanks to their advan-
tages when compared to vitamin K antagonists. While both can be assumed orally, 
DOAC do not need blood sampling to evaluate efficacy, have a fixed dose, and 
show minor interaction with other drugs and not at all with food, when compared 
to warfarin. As with other anticoagulants, in case of high-risk endoscopic proce-
dures, it is important to balance bleeding risks due to intensity of anticoagulation 
with thromboembolic risks linked to the patient’s condition. DOAC are approved 
for the prevention and treatment of deep vein thrombosis and pulmonary embolism 
and the prevention of stroke or embolus in patients with non-rheumatic atrial fibril-
lation, as such patients in DOAC treatment are considered at low risk of thrombo-
embolism. For this reason, it could be inferred that there is no need for bridging 
therapy with LMWH in this patients. This was confirmed by observational data 
which show that bridging therapy in case of DOAC interruption not only does not 
reduce the incidence of cardiovascular or thromboembolic events, but appears to 
be associated with an increased incidence of major bleeding events (6.5 vs 1.8%; 
p < 0.001) [23].
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The pharmacodynamic effects of DOAC depend obviously on their pharmacoki-
netic profile and their blood accumulation. Unfortunately, monitoring treatments is 
difficult as tests such as PT or APTT can only indicate the gross level of anticoagu-
lation (supratherapeutic, therapeutic or subtherapeutic); plasma concentrations of 
most DOAC cannot be determined in a clinical setting. Moreover, test results are 
heavily influenced by dose-timing and other factors that influence pharmacokinet-
ics. In the case of dabigatran, Hemoclot®, a thrombin inhibitor assay, can be used to 
determine drug concentration [24]. Anti-factor Xa assays are sensitive to specific 
factor Xa inhibitors and require specific calibrators and controls; the anti-factor Xa 
chromogenic method can be used for plasma concentration determination of Xa 
inhibitors in standard therapeutic doses [25, 26].

While readily accessible inexpensive tests are currently unavailable, it should be 
kept in mind that all DOAC are mainly excreted in the urine, and therefore renal 
function is an important limiting factor for their blood accumulation, particularly 
for dabigatran. The half-life of dabigatran, in fact, can vary from 12 to 13 h, for a 
creatinine clearance (CrCL) of 80 mL/min, to 27 h should CrCl fall to <30 mL/min. 
Because of this dabigatran should not be used in case of a CrCl of ≤30 mL/min; a 
reduced dose, from 150 to 110 mg bid, should be prescribed if CrCL is <50 mL/min 
or in patients over 80 years of age. While no liver toxicity has been observed for 
dabigatran, it can be prescribed in case of liver disease without coagulopathy. 
Rivaroxaban has a half-life that may vary from 7 to 11 h. It is mainly metabolized 
by the liver (about 65%), but it can also be equally prescribed in case of liver disease 
without coagulopathy. Considering its renal clearance, no accumulation of the drug 
has been observed down to a CrCl of 15 mL/min, below which the drug should not 
be administered. Nevertheless, a dose reduction from 20 to 15  mg od is recom-
mended if CrCl is between 15 and 30 mL/min. Similar recommendations are in 
effect for apixaban and edoxaban, both of which have less than 50% of the kidney 
clearance [4].

In terms of safety, unavailability of an antagonist is the primary limiting factor 
for DOAC use. Recently, some antidotes have been studied in animal models with 
encouraging results; in 2015 idarucizumab (Praxbind) was the first antidote for 
dabigatran approved by the FDA for use in patients with life-threatening conditions 
[27]. Regarding gastrointestinal (GI) bleeding risk in patients under DOAC, current 
data seem to support a better safety profile than previously described. In fact, while 
initial studies showed an increased risk of GI bleeding [28, 29] compared to warfa-
rin, other studies have produced opposite results [30]. Previous publications stressed 
the good safety profile of DOAC in terms of major bleeding or intracranial bleeding 
when compared with warfarin. On the contrary, high-dose DOAC were associated 
with a significant increase in GI bleeding risk [31]. A recent study [32] published in 
2017 conducted on a population of about 7000 patients in “real life” (mean age 
70 years) has showed that patients on warfarin have an increased risk of GI bleeding 
when compared with those on dabigatran, rivaroxaban, and apixaban, with an OR of 
4.13 (95% CI, 1.69–10.09). A study published by Abraham et  al. [33] directly 
assessed the GI safety profiles of dabigatran, rivaroxaban, and apixaban in a popula-
tion of 43,300 patients. In terms of gastrointestinal bleeding risk, the authors 

9 Anticoagulants and Antiplatelet Agents in Patients Undergoing Polypectomy



126

observed that apixaban showed the best safety profile among the three, while rivar-
oxaban displayed the worst. Moreover, while GI bleeding risk is known to increase 
with age, apixaban preserved its safety profile in older patients.

9.5  DOAC and Polypectomy

Considering the importance of renal function for the pharmacodynamics of DOAC, 
their management prior to high-risk endoscopic procedures (polypectomy, EMR, ESD) 
should include blood sampling for the evaluation of CrCl, mainly in older subjects or 
severe kidney pathology. Counseling with a hematologist should be considered in case 
of a rapid reduction in renal function. In general, DOAC should be discontinued at least 
48 h prior to endoscopy (detailed discontinuation times according to CrCl are summa-
rized in the Tables 9.3, 9.4, and 9.5). In terms of drug resumption after endoscopy, it is 
important to summarize some notable differences between DOAC and warfarin: while 
it takes several days to restore normal coagulation after warfarin discontinuation, only 
3–4 h are generally needed for the anticoagulant effect of DOAC to be reversed. Owing 

Table 9.3 Periprocedural management of dabigatran (Pradaxa) [34]

Creatinine clearance 
(mL/min)

Time to onset of 
action (h)

Half-life 
(h)

Timing of discontinuation before 
procedure (days)

>80 1.25–3 13 
(11–22)

2–3

50–80 1.25–3 15 
(12–34)

2–3

30–49 1.25–3 18 
(13–33)

3–4

≤29 1.25–3 27 
(22–25)

4–6

Table 9.4 Periprocedural management of apixaban (Eliquis) [35]

Creatinine clearance  
(mL/min)

Time to onset of 
action (h)

Timing of discontinuation before  
procedure (days)

>60 1–3 1–2
30–59 1–3 3
15–29 1–3 4

Table 9.5 Periprocedural management of rivaroxaban (Xarelto) [35]

Creatinine clearance  
(mL/min)

Time to onset of 
action (h)

Timing of discontinuation before  
procedure (days)

>90 2–4 1–2
60–90 2–4 2
30–59 2–4 3
15–29 2–4 4
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to this and the fact that there are insufficient data to define optimal timings for DOAC 
resumption, current guidelines on this topic suggest reintroduction of these drugs as 
soon as possible. Because of their short onset of action, if a DOAC cannot be reintro-
duced within 24 h after a high-risk procedure (e.g., in case of concerns regarding ade-
quate hemostasis), then thromboprophylaxis with bridging therapies should be 
considered for patients at high risk for thromboembolism.

The management of DOAC during polypectomy, EMR, and ESD is summarized 
in Table 9.6.

9.6  Antiplatelet Agents (APA)

Platelets are activated by multiple agonists through numerous intracellular second 
messenger pathways and complex networks. Platelet activation results in their adhe-
sion and aggregation at sites of vascular injury. In addition, a major role of platelets 
in coagulation is to provide an anionic phospholipidic surface for the assembly of 
the macromolecular coagulation factor complexes required for the generation of 
thrombin and subsequent clot formation. APA are able to inhibit platelet activation 
by blocking specific membrane receptors of thrombocytes, responsible for intracel-
lular second messenger activation; these include receptors for thrombin, adenosine 
diphosphate (ADP), collagen, thromboxane, and epinephrine [36].

Table 9.6 DOAC and high-risk endoscopic procedures [4]

High-risk procedure
Warfarin DOAC

Low-risk condition
     •  Prosthetic metal heart valve 

in aortic position
     • Xenograft heart valve
     •  AF without valvular disease 

>3 months after VTE
     •  Thrombophilia syndromes 

(liaise with hematologist)

High-risk condition
•  Prosthetic metal heart 

valve in mitral position
• Prosthetic heart valve
• and AF
• AF and mitral stenosis
• <3 months after VTE

Low-risk condition
High-risk condition

Stop warfarin 5 days before 
endoscopy
     •  Check INR prior to 

procedure to ensure  
INR <1.5

     •  Restart warfarin evening of 
procedure with usual daily 
dose

     •  Check INR 1 week later to 
ensure adequate 
anticoagulation

Stop warfarin 5 days 
before endoscopy
•  Start LMWH 2 days after 

stopping warfarin
•  Give last dose of LMWH 
≥24 h before procedure

•  Restart warfarin evening 
of procedure with usual 
dose

•  Continue LMWH until 
INR adequate

Take last dose of drug ≥48 h 
before procedure
•  Consult individual drug tables 

according to renal function
•  In case of deteriorating renal 

function liaise with 
hematologist
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9.7  Aspirin

Aspirin (acetylsalicylic acid, ASA), a time-honored antiplatelet agent, is an irrevers-
ible nonselective cyclooxygenase (COX) inhibitor. It is used alone or, in patients 
with coronary stents, in combination with other APA to prevent stent thrombosis 
[37]. Platelets synthesize thromboxane in response to specific agonists; its receptor 
is present on the cytoplasmic membrane of platelets and other tissues. Thromboxane 
synthesis is dependent on COX; aspirin irreversible inhibits COX activity by acety-
lation. In fact, although the half-life of aspirin is approximately 20 min, its pharma-
codynamic effect persists for the duration of the platelet lifespan (7–10 days), as 
platelets are unable to replenish COX enzymatic activity by synthesis.

9.8  Thienopyridines

Thienopyridines function by inhibiting ADP-induced platelet aggregation. 
Ticlopidine, a first-generation thienopyridine agent previously used in dual anti-
platelet regimens, has largely been supplanted in clinical use by newer agents, 
mainly because of its hematologic side effects. Clopidogrel, the main drug in this 
category, is a prodrug that requires hepatic metabolism for activation through the 
CYP2C19 pathway. It is used in the treatment of recent acute coronary syndromes, 
such as unstable angina, myocardial infarction (MI), recent stroke, or established 
peripheral arterial disease [38]. It is a more potent antiplatelet agent compared to 
aspirin, with which it has an established synergistic effect. Both drugs are frequently 
used in association (dual antiplatelet therapy, DAPT), although combination ther-
apy increases bleeding risk, especially in patients undergoing high-risk endoscopic 
procedures. Similarly to aspirin, the antiplatelet action of clopidogrel is irreversible, 
and platelet function has been demonstrated to return to normal within 5–7 days of 
withdrawal, based on the regenerative production of clopidogrel-naive platelets [39, 
40]. Prasugrel is a new thienopyridine. Like clopidogrel, it is a prodrug and requires 
hepatic metabolism for activation; however, activation pathways differ, as prasugrel 
is converted by CYP3A4 and CYP2B6 [41]. It is also a nonreversible platelet aggre-
gation inhibitor and should be withheld for 7  days before an elective high-risk 
procedure.

9.9  Cyclopentyl Triazolo-Pyrimidines

Cyclopentyl triazolo-pyrimidines (CPTP) are a new class of antiplatelet agents, 
mainly represented by ticagrelor, a direct-acting reversible inhibitor of the ADP 
receptor P2Y12. Similarly to prasugrel, it is metabolized by the CYP3A4 cyto-
chrome; however, it is not a prodrug, as both the parent drug and its metabolite are 
active antiplatelet agents. It is mainly used in the treatment of acute coronary syn-
drome with or without coronary stents. Compared to clopidogrel and prasugrel, 
ticagrelor has both a more rapidly established and a more pronounced inhibitory 
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effect on platelet aggregation [2]. Because of its rapid onset and offset, its effects on 
platelet inhibition decline rapidly over a 72-h period after cessation, and platelet 
activity is near normal at 5 days [42].

APA and relative duration of action are summarized in Table 9.7.

9.10  APA and Post-Procedural Bleeding

In patients undergoing antithrombotic and anticoagulant therapy, polypectomy, 
endoscopic mucosal resection (EMR), and endoscopic submucosal dissection 
(ESD) are elective endoscopic procedures classified as high-risk procedures for 
bleeding by the British Society of Gastroenterology (BSG), the European 
Society of Gastrointestinal Endoscopy (ESGE), and the American Society for 
Gastrointestinal Endoscopy (ASGE). However, from a cardiovascular point of 
view, these patients are considered at high and low risk for thrombotic events on 
the basis of their underlying medical conditions and prior surgery or prosthesis 
[20, 36]. Therefore, adequate management of APA before elective endoscopy 
relies on a balanced evaluation of both procedure-related bleeding risks and 
patient-related risk for thrombosis [43]. The probability of a thromboembolic 
event related to a temporary drug interruption depends on the specific indication 
for antithrombotic therapy and individual patient characteristics. High-risk sce-
narios for thrombosis in patients on APA include recent placement of drug-
eluting coronary stents (<12 months) or bare metal coronary stents (<1 month); 
acute coronary syndrome (ACS) and bare metal coronary stenting 12 months 
prior to endoscopy are also considered at high risk for thrombosis [20, 44]. 
Endoscopists should pay attention to specific clinical risk factors that predis-
pose to higher rates of stent occlusion beyond the first year after stent insertion, 
as modifications of antiplatelet regimens must be done cautiously in such cases. 
Late stent thrombosis occurs an average rate of 0.6% per year over the first 
3 years after implantation [45]. Approximately one in five patients with a prior 
history of stent occlusion will experience a second event, with a cumulative risk 
of cardiac death of 27.9%. Furthermore, patients affected by ACS or ST eleva-
tion MI, diabetes, renal failure, diffuse coronary artery disease, or with a history 
of multivessel percutaneous coronary intervention are also at higher risk of stent 
occlusion or ACS events after suspension of antithrombotic therapy [46].

Table 9.7 APA and  
duration of action [20]

Agent (class) Duration of action
Aspirin (ASA) 7–10 days
NSAIDs Varies
Clopidogrel (thienopyridines) 5–7 days
Prasugrel (thienopyridines) 5–7 days
Ticlopidine (thienopyridines) 10–14 days
Ticagrelor (cyclopentyl 
triazolo-pyrimidines)

3–5 days
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Considering antiplatelet agents, aspirin monotherapy has been found to be safe 
in colonoscopic polypectomy [36, 47]. It is true also that studies on patients receiv-
ing ASA in the context of endoscopic submucosal dissection (ESD) or large 
(>20 mm) colonic endoscopic mucosal resections (EMR) have found an increased 
risk of hemorrhage [13, 36, 48, 49]. However, thrombotic risks should also be con-
sidered particularly in patients receiving aspirin for secondary prevention, as they 
are at greater risk from discontinuation of therapy than those taking it for primary 
prevention: in patients on long-term low-dose aspirin for secondary prevention, 
aspirin interruption is associated with a threefold increased risk of cardiovascular or 
cerebrovascular events, 70% of which occur within 7–10  days after interruption 
[50]. On the other hand, hemorrhage secondary to high-risk endoscopic procedures 
can often be controlled by endoscopic therapeutic procedures, and it is rarely fatal, 
while a thrombotic stroke may result in lifelong disability, and a major cardiac event 
may result in death. Balancing thromboembolic and bleeding risks is crucial and 
ultimately needs to be assessed on an individual patient basis, with special caution 
when discontinuing aspirin prescribed for secondary prevention of ischemic or 
thrombotic events [4].

Concerning clopidogrel, available data are controversial as treatment discontinu-
ation is the dominant risk factor for coronary artery stent thrombosis in patients with 
drug-eluting stents, with events occurring as early as 5–10 days after cessation of 
clopidogrel therapy [51]. Owing to this fact, only 48% of respondents discontinued 
clopidogrel before a colonoscopic polypectomy, as shown by a survey of gastroen-
terologists in the USA [52]. In 2013, a meta-analysis assessing the real risk of post-
procedural bleeding (PPB) related to clopidogrel was performed and integrated in 
the current ESGE guidelines. Although in this meta-analysis polyp size was less 
than 10 mm in 88% of total cases, and the proportion of patients on DAPT ranged 
from 54 to 87.8%, the authors found a significantly increased overall risk of delayed 
PPB (RR  =  4.66; 95% CI, 2.37–9.17) [53]. No data on PPB in patients taking 
 prasugrel or ticagrelor were available [4].

The impact of APA on colonic post-EMR bleeding was evaluated in two recent 
prospective observational studies and one randomized control trial comparing endo-
scopic prophylactic coagulation of visible vessels compared to no prophylaxis for 
wide-field EMR (>2 cm). These studies showed that clinically significant post-EMR 
bleeding was associated to the use of aspirin; no conclusions were drawn for 
clopidogrel- associated bleeding risk as only 20 patients were on such treatment. No 
data are available regarding the management of prasugrel or ticagrelor in relation to 
colonic EMR [13, 49]. Regarding post-ESD bleeding, insufficient data are available 
on the role of aspirin or clopidogrel alone. Two studies have reported no association 
between post-ESD bleeding in patients on antithrombotic agents, but the drugs were 
discontinued 1 week prior to the procedure [54, 55]. No data are available regarding 
treatment with prasugrel or ticagrelor in this context [4].

Concerning dual APA therapy, a review of 161 reported cases of late stent throm-
bosis (>30 days but <1 year after stent placement) and very late stent thrombosis 
(>1 year after stent placement) shows that patients who discontinued both ASA and 
thienopyridine had a median time to event of 7 days; in those who discontinued 
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thienopyridine but remained on ASA, the median time to an event was 122 days. 
A total of six cases (6%) of stent thrombosis within 10 days of thienopyridine ces-
sation was reported, suggesting that short-term discontinuation between 30 days 
and 1 year from drug-eluting coronary stent placement might be relatively safe [51]. 
For this reasons, the American College of Cardiology Foundation and American 
College of Gastroenterology consensus statement suggests that in patients receiving 
DAPT, only clopidogrel should be stopped 5 days before polypectomy when throm-
botic risk is low, while a cardiologic consultation is needed for high-risk patients. In 
case of a very high thrombotic risk (e.g., within 30 days after coronary stent place-
ment), any elective endoscopic procedures should be postponed. Clopidogrel should 
be resumed after the procedure, once hemostasis has been confirmed during 
endoscopy.

The management of APA and DAPT during polypectomy, EMR, and ESD is 
summarized in Table 9.8.

 Conclusion
Platelet aggregation inhibitors and anticoagulants can increase the risk of hemor-
rhage in patients undergoing endoscopic interventions, particularly in high-risk 
procedures such as polypectomy, endoscopic mucosal resections, and submuco-
sal dissection. Newer agents (DOAC) seem to further increase bleeding risk 
when compared to warfarin; furthermore, they currently lack reversal agents and 
need to be managed based on pharmacokinetic profiles and renal function. 
However, bleeding risk during endoscopic procedures needs to be balanced with 
the actual thrombotic risk of the individual patient, particularly considering that 
procedure-related hemorrhage can often be prevented or controlled by current 
prophylactic and therapeutic techniques and is rarely fatal, while thrombotic 
events are unpredictable and difficult to resolve and are associated to high rates 
of hospitalization, disability, and death. Careful evaluation of the individual 

Table 9.8 APA and high-risk endoscopic procedures [4]

High-risk procedure
Clopidogrel/prasugrel/ticagrelor

Low-risk condition
     • Ischemic heart disease (no coronary stent)
     • Cerebrovascular disease
     • Peripheral vascular disease

High-risk condition
• Coronary artery stents

Stop clopidogrel/prasugrel/ticagrelor 5 days before 
endoscopy
     • May continue aspirin

Liaise with cardiologist
•  Consider stopping 5 days before 

endoscopy if:
–  >12 months after insertion of 

drug-eluting coronary stent
–  >1 month after insertion of bare 

metal coronary stent
• May continue aspirin
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patient and treatment discontinuation or bridging according to the underlying 
thromboembolic risk status and type of endoscopic procedure are warranted in 
order to maximize cost-effectiveness and safety.
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10.1  Introduction

In Western countries, colorectal cancer (CRC) represents the second cause of cancer 
mortality, after lung tumors [1–3]. Its incidence is increasing in Eastern countries 
too, because of westernization of eating habits and aging of the population [4]. It 
seems obvious that CRC screening by colonoscopy in asymptomatic patients, being 
able to diagnose precancerous lesions or CRC at an early stage, may reduce either 
incidence or mortality [5–10]. In fact, since the mid-80s we are experiencing a sharp 
decline in CRC incidence in Western countries, mainly due to CRC screening pro-
grams [11]. Meanwhile, the westernization of lifestyle in the East, particularly in 
terms of dietary habits, has been marked since 1950 and is supposed to be directly 
responsible of the rising incidence of CRC [12]. Adenomatous polyps are the most 
common neoplastic lesions found during screening colonoscopy [13, 14], and 
patients with adenomatous polyps are well known to present with a significantly 
increased risk to develop an advanced neoplasia particularly if adenomas are larger 
than 10 mm or with unfavorable histology [15, 16]. Therefore, there is evidence that 
detection and removal of these precancerous lesions may prevent advanced CRC 
occurrence, reducing mortality and morbidity [17]. Moreover, patients with adeno-
mas diagnosed at colonoscopy have an increased risk for developing metachronous 
adenomas and consequently cancers compared with patients without adenomas 
because of missed lesions or not radically removed at endoscopic examination [18–
21]. This data shows the relevance of an adequate screening program for CRC and 
even more of a surveillance program after endoscopic polypectomy. In facts, patients 
who are not entered into a surveillance program present a three- or fourfold increased 
risk of CRC occurrence [5, 22–26]. Until the early 1990s, no surveillance guidelines 
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were available to address how clinicians should follow-up post-polypectomy 
patients. Only in 1993, the findings of a randomized trial comparing 1-year versus 
3-year surveillance intervals after polypectomy (the American National Polyp 
Study) [27] allowed the delivery of modern guidelines in this field. Based on the 
American guidelines, several European countries developed their own guidelines, 
thus pushing the launch of broad population-based screening programs. Japan, con-
versely, has not yet developed specific guidelines, waiting for the conclusion of a 
Japanese national polyp study started in 2014.

Surveillance colonoscopies absorb about 20% of endoscopic resources in Europe 
(approximately the same proportion as primary screening examinations) [28, 29] 
and in South Korea represent the major indication to colonoscopy [4] resulting in an 
expensive practice for national health systems. Moreover, although colonoscopy is 
considered a safe procedure, it is invasive and may lead to potentially serious com-
plications though [30]. Due to all these financial and clinical reasons, the need of an 
appropriate post-polypectomy surveillance program is hence mandatory.

Epidemiological and clinical studies demonstrate the possibility of a risk stratifi-
cation for CRC and adenoma recurrence, identifying different subgroups of patients 
based on the baseline features of the resected polyps [31–37]. Many countries 
developed their own guidelines to reach the best balance between benefits and draw-
backs of post-polypectomy surveillance in terms of lower incidence of CRC and 
economic impact. In general, the common attitude is to follow all the American and 
European studies which led to develop the respective guidelines, sharing their rec-
ommendations and slightly modifying the interval indications. One exception is 
represented by the Japanese endoscopic society that, although sharing the scientific 
bases posed by the Western studies, comes to different conclusion.

The aim of this chapter is to review the Western guidelines from the American 
Gastroenterological Association (AGA), American Society for Gastrointestinal 
Endoscopy (ASGE), and European Society for Gastrointestinal Endoscopy (ESGE) 
and the Eastern ones from the Japanese Society of Gastroenterological Endoscopy 
and Korean Society of Gastrointestinal Endoscopy (KSGE).

10.2  The Western Point of View  
(AGA, ASGE, and ESGE Guidelines)

The most recent edition of American and European guidelines was delivered in 
2012. Both of them are very similar, since they are based on the same background 
principles, come to similar conclusions, and point out the importance of a quality 
baseline colonoscopy. Specifically, quality baseline colonoscopy is considered a 
procedure performed with optimal bowel preparation that allows detecting lesions 
of 5 mm at least, with a cecal intubation rate of 95% or more, and conducted by an 
expert endoscopist with an appropriate adenoma detection rate (ADR). In fact, can-
cer registries report up to 9% of CRCs as interval cancers in patients who underwent 
a colonoscopy within 6–36 months before diagnosis [38, 39]. Several studies [5, 

G. Galloro et al.



137

21–25] demonstrated that interval cancers are more likely to be located in proximal 
compared to distal colon segments. This data seems to suggest that proximal 
colorectal lesions are easily missed because of incomplete examination of all colon 
segments, likelihood of poor quality bowel preparation in cecum and ascending 
colon, and higher incidence of flat and depressed non-polypoid lesions more diffi-
cult to detect in the proximal colon segments. Moreover, proximal colorectal adeno-
mas could be biologically different comparing to distal ones, showing a shorter time 
of progression to malignancies.

Anyway, some studies [40–45] demonstrated that up to 17% of lesions larger 
than 10 mm are missed at baseline endoscopy, validating the relevance of a high- 
quality baseline colonoscopy.

Another important point of discussion concerns the incomplete resection of 
lesions detected during baseline colonoscopy. About 19–27% of interval cancers 
occur in the same segment of the colon as the site of a prior polypectomy, and about 
17.6% of large (more than 20 mm) sessile resected polyps presented residual adeno-
matous tissue after polypectomy [45–47]. As a consequence, it is very important to 
discriminate different situations in order to stratify the potential risk of developing 
an interval cancer based on different baseline polyp features.

Mainly, both American [48] and European [49] current guidelines individuate 
two risk groups, based on the likelihood of developing advanced neoplasia after 
baseline colonoscopy, each including some subgroups:

 1. Low-risk group
 (a) No polyps detected.
 (b) Distal polyps detected, less than 10 mm in diameter, showing hyperplastic 

histology.
 (c) At least two adenomas detected, less than 10 mm in diameter, showing tubu-

lar histology without dysplasia or with low-grade dysplasia.
 2. High-risk group

 (a) Three to ten adenomas detected.
 (b) More than ten adenomas detected.
 (c) One or more adenomas detected, at least 10 mm in diameter, showing tubu-

lar histology.
 (d) One or more adenomas detected, of any size, showing villous histology.
 (e) One or more adenomas detected, of any size, showing high-grade 

dysplasia.
 (f) Serrated polyps.
 (g) Serrated polyposis syndrome.

Based on this risk stratification, it has been possible to develop different recom-
mendations for post-polypectomy surveillance. The proper decision on the timing 
of surveillance takes into account the stratified risk to develop an interval cancer in 
a patient who underwent colorectal polypectomy, evaluated on the basis of the base-
line endoscopic findings.
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10.2.1  Low-Risk Group

Baseline colonoscopy: no adenoma or polyp detected—quality of evidence  moderate 
[48, 49]

Several prospective observational studies [7, 50, 51] demonstrated that the risk 
of advanced adenoma within 5 years after negative colonoscopy is slow (1.3–2.4%), 
and interval cancers are rare. Case control and observational studies [5, 22, 52, 53] 
suggested that patients with a baseline negative colonoscopy experience either 
reduced CRC incidence and mortality within 10  years from index colonoscopy. 
Recommendation is to repeat colonoscopy after 10 years and to reduce to 5 years 
this interval in the case of a first-degree relative with a CRC or high-risk adenoma 
diagnosed before 60 years.

Baseline colonoscopy: distal polyps detected, less than 10 mm in diameter, show-
ing hyperplastic histology—quality of evidence moderate [48, 49]

Small rectal or sigmoid hyperplastic polyps are non-neoplastic lesions; hence, 
being at low risk of recurrence, they need only an endoscopic follow-up at 10 years.

Baseline colonoscopy: at least two adenomas detected, less than 10 mm in diam-
eter, showing tubular histology without dysplasia or with low-grade dysplasia—
quality of evidence moderate [48, 49]

Several studies [54–59] suggested that patients with one to two tubular adenomas 
with low-grade dysplasia <10 mm represent a low-risk group, without significant 
increase in risk of advanced neoplasia within 5 years. In this group, colonoscopy 
follow-up is indicated between 5 and 10 years according to the American guidelines 
and definitely at 10 years according to the European guidelines. The two guidelines 
slightly differ in this regard because American society [48] takes into account the 
risk of a poor quality examination, which is conversely strongly excluded in the 
European guidelines [49].

When should further surveillance after first follow-up colonoscopy be scheduled 
in low-risk patients? Current guidelines suggest as follows:

 – At 3 years if first follow-up colonoscopy showed a high-risk condition
 – At 5 years if first follow-up colonoscopy showed a low-risk condition
 – At 10 years if first follow-up colonoscopy showed no adenoma

10.2.2  High-Risk Group

Baseline colonoscopy: three to ten adenomas detected—quality of evidence 
moderate if any polyp is ≥6 mm; quality of evidence low if any polyp is <6 mm 
[48, 49]

Two meta-analyses [59, 60] showed that patients with three or more adenomas at 
baseline colonoscopy have an increased relative risk for adenomas during surveil-
lance, ranging from 1.7 to 4.8, mainly due to the high probability to have missed 
lesions at baseline exploration. This consideration suggests a more cautious 
approach to follow-up. Recommendation is for a 3-year interval.
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Baseline colonoscopy: more than 10 adenomas detected—quality of evidence 
moderate-high [48, 49]

This condition is relatively rare and represents a small proportion of patients who 
underwent screening colonoscopy for hereditary syndromes. Since there is little 
evidence about this condition, follow-up is based on clinical evaluations and is sug-
gested within 3 years.

Baseline colonoscopy: one or more adenomas detected, at least 10 mm in diam-
eter, showing tubular histology—quality of evidence high [48, 49]

An interesting study [54] analyzed polyp size as a risk factor for development of 
interval advanced neoplasia. Patients with adenomas 10–19 mm in diameter at base-
line colonoscopy compared with adenomas <5 mm resulted at higher risk (15.9% 
vs. 7.7%) due to the lower R0 resection rate. If baseline polyp was 20 mm or more, 
the risk rose to 19.3%. Recommendation is for follow-up at 3 years.

Baseline colonoscopy: one or more adenomas detected, of any size, showing vil-
lous histology—quality of evidence moderate [48, 49]

Compared with patients with tubular adenomas, those with villous or tubulo- 
villous histology have an increased risk of advanced neoplasia during follow-up 
(16.8% vs. 9.7%) [54]. Therefore, a 3-year follow-up is recommended. The avail-
able studies do not separately identify patients whose most advanced polyp is a 
tubulo-villous or villous adenoma less than 10  mm in diameter. Further studies 
should identify risk level based on both histology and polyp dimension.

Baseline colonoscopy: one or more adenomas detected of any size, showing 
high-grade dysplasia—quality of evidence moderate [48, 49]

An important study demonstrated that high-grade dysplasia is strongly associ-
ated to the risk of advanced neoplasia during surveillance (Odds ratio: 1.77; 95% 
CI, 1.41–2.22) [54]. Recommendation is for 3-year follow-up.

Baseline colonoscopy: serrated polyps—quality of evidence low [48, 49]
A total of 20–30% of CRC arise through a molecular pathway characterized by 

hypermethylation of genes known as CpG island methylator phenotype (CIMP) 
[26]. Precursors are considered to be serrated polyps. This kind of tumor frequently 
shows mutations in the B-Raf proto-oncogene serine/threonine kinase (BRAF) with 
up to 50% of unstableness of microsatellites. Main precursor of hypermethylated 
cancers is the sessile serrated polyp (or serrated adenoma). This situation indicates 
a more advanced lesion in the adenoma-carcinoma sequence [7]. These lesions are 
very difficult to detect by endoscopy. They are often small, sessile, or flat in shape, 
with the same color of surrounding mucosa and indistinctive edges. Mucolisis by 
n-acetylcysteine removes adherent mucus that, otherwise, does not allow the evalu-
ation of glandular and vascular pattern of the lesion. Then chromoendoscopy by 
indigo carmine 0.4% and zoom endoscopy enable the endoscopist to find the II-O 
pit pattern which is highly suggestive of serrated adenomas [61, 62].

There is low-quality evidence about surveillance intervals for this kind of lesions. 
Based on available data, a stricter follow-up schedule should be considered for ser-
rated adenomas larger than 10 mm in diameter, proximal to the sigmoid colon, and 
with dysplasia. Conversely, we have to consider serrated polyps less than 10 mm in 
diameter, distal to sigmoid colon and without dysplasia as low-risk adenomas.
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Baseline colonoscopy: serrated polyposis syndrome—quality of evidence 
 moderate [48, 49]

Based on the World Health Organization statement, serrated polyposis syndrome 
is defined by at least one of the following criteria:

 1. At least five serrated adenomas proximal to sigmoid colon, with at least 
2 ≥ 10 mm in diameter

 2. Any serrated adenomas proximal to sigmoid colon with family history of ser-
rated polyposis syndrome

 3. More than 20 serrated adenomas of any size throughout the colon

Serrated polyposis syndrome is considered as a very high-risk condition; hence, 
yearly surveillance is recommended.

When should further surveillance after first follow-up colonoscopy in high-risk 
patients be scheduled? Current guidelines suggest as follows:

 – At 3 years if first follow-up colonoscopy showed a high-risk condition
 – At 5 years if first follow-up colonoscopy showed a low-risk condition
 – At 5 years if first follow-up colonoscopy showed no adenoma

10.2.3  Further General Considerations [48, 49]

 1. All above evaluated considerations are valid provided that high-quality baseline 
colonoscopy was performed. In the case of poor bowel preparation or incomplete 
examination, a new control is recommended within 1 year.

 2. In the case of piecemeal resection of adenomas >10 mm, follow-up is recom-
mended within 6 months before starting an appropriate surveillance program.

 3. During the endoscopic surveillance program, fecal occult blood test (FOBT) is 
neither useful nor recommended.

 4. Considerable evidence [63, 64] confirms that colonoscopy-related adverse events 
increase with advanced age. Therefore, surveillance and screening should be 
interrupted when risk outweighs benefit [60]. American guidelines suggest the 
age of 85 to interrupt the surveillance program [48], while European guidelines 
lower the threshold to 80 [49]. However, the decision to continue surveillance in 
old patients should be individualized, based on the assessment of benefits, risks, 
and comorbidities.

 5. Development of new symptoms as change in bowel habits, abdominal pain, and 
minor rectal bleeding during the follow-up interval does not represent a cause to 
shorten the surveillance interval. In fact, likelihood of adenoma occurrence after 
a prior complete and adequate colonoscopy is uncertain but likely to be low.

 6. CRC risk varies, based on patient demographic characteristics (age, race, gen-
der), but there are no evidences that surveillance protocol should be modified 
once patients have performed colonoscopy or polypectomy based on these 
factors.
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10.3  A View to the East (JSGE and KSG Guidelines)

In Eastern countries, due to westernization of habits and increasing obesity, CRC 
currently represents the third leading cause of cancer death in Japan and particularly 
the leading cause for women [65]. Eastern guidelines are mainly based on Western 
literature and guidelines; hence, Japanese and Korean endoscopists, gastroenterolo-
gists, and surgeons agree on the aforementioned risk stratification identifying a low- 
and a high-risk group. However, Eastern endoscopists further emphasize the 
importance of the quality of baseline colonoscopy, with particular reference to 
bowel preparation protocol and use of augmented endoscopy to improve the ade-
noma detection rate. Bowel cleansing is carried out by means of polyethylene gly-
col (PEG) solution administered in the morning of the day of the procedure. 
Moreover, standard chromoendoscopy, computed virtual chromoendoscopy 
(Olympus NBI, Fujinon FICE, Pentax iSCAN), and zoom magnification are regu-
larly utilized to better detect diminutive polyps or non-polypoid lesions, according 
to Paris classification [65–68].

The role of colorectal post-polypectomy surveillance in Japan is not well defined 
and codified currently as in Western countries, and there is a lack of real and com-
plete guidelines about it. Anyway, because of the increasing number of colorectal 
polyps diagnosed and endoscopically resected, there is a pressing need for clinical 
guidelines in this field. Therefore, the Japanese Gastroenterological Association 
(JGA), the Japanese Society of Gastrointestinal Cancer Screening (JSGCS), the 
Japan Gastroenterological Endoscopy Society (JGES), the Japan Society of 
Coloproctology (JSCP), and the Japanese Society for Cancer of the Colon and 
Rectum (JSCCR) published a common document called Evidence-based clinical 
guidelines for management of colorectal polyps that consider: (1) epidemiology; (2) 
screening; (3) pathophysiology, definition, and classification; (4) diagnosis; (5) treat-
ment and management; (6) practical treatment; (7) complication and surveillance 
after treatment; and (8) other colorectal lesions (submucosal tumors, nonneoplastic 
polyps, polyposis, hereditary tumors, ulcerative colitis-associated tumor/cancer) 
[69]. It should be noted that surveillance is just a chapter of the entire document.

However, although these guidelines speculatively follow the Western recommen-
dations, indeed they come to different conclusions. First, remarkable difference is 
about the management of detected lesions. While the trend in the West is to remove 
every kind of detected lesion regardless of size (obviously excepting for hyperplas-
tic lesions), Japanese recommendation is not to resect diminutive (less than 5 mm in 
diameter) adenomatous lesions, excluding flat and depressed non-polypoid lesions 
and then establish an annual follow-up for 3 years [15, 70–73].

Other key difference is that, unlike Western recommendations, the indication is 
for a 3-year follow-up schedule after polypectomy of any kind of lesion [69, 74].

Korean guidelines [75], given the lack of definitive assumptions based on the 
current literature, endorse the Western approach with the stratification into two risk 
groups: 5-year follow-up for patients with no high-risk feature at baseline colonos-
copy and 3-year follow-up for patients with one or more high-risk features at base-
line colonoscopy.
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11.1  Introduction

Colorectal polypectomy is a well-recognized method for the prevention of colorectal 
cancer (CRC) through the early interruption of the adenoma-carcinoma sequence [1].

However, despite proven effectiveness, polyp resection techniques are limited by 
lack of evidence and are mainly based on expert opinion and uncontrolled observa-
tional studies [2].

Proper removal of polyp needs not only skillness by experienced endoscopists 
but also a deep knowledge of the characteristics of endoscopic equipment, accord-
ing to morphology and size of the colorectal polyp, in order to avoid complications 
and to reduce the occurrence of incomplete polypectomy, which is one of the major 
causes of interval colon cancer [3, 4].

All the main CRC screening programs call for a quality colonoscopy, character-
ized by the detection and resection of all polypoid lesions, with subsequent submis-
sion of all resected polyps to pathologic examination [5].

As a consequence of screening programs, since the mid-1980s we are experienc-
ing a sharp decline in CRC incidence [6].

Moreover, patients with adenomas diagnosed at colonoscopy have an increased 
risk for developing metachronous adenomas and consequently cancers compared 
with patients without adenomas; hence adequate surveillance programs after endo-
scopic polypectomy are mandatory [7, 8].

Aim of this book is to provide the reader with a comprehensive and up-to-date 
overview of this important topic.
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11.2  Classification of Colon Mucosal Lesions  
and Risk of Neoplastic Progression

The morphology of colonic lesions depends on the direction of proliferation growth.
Following this, two main macroscopic types may be recognized: superficial 

lesions (type 0) and advanced cancers (type 1–5) [9].
According to the Paris classification, lesions with superficial appearance (cate-

gory 0) are distinguished in polypoid type (elevated more than 2.5 mm above the 
mucosal layer: pedunculated (0-1p), sessile (0-1s), or mixed (0-1sp)), non-polypoid 
(slightly elevated less than 2.5 mm (0-IIa), flat (0-IIb), or slightly depressed (0-IIc)), 
and mixed types [9].

Large polypoid and non-polypoid lesions (particularly if flat or depressed) are at 
increased risk of submucosal invasion (SMI) [9, 10].

Proper characterization of mucosal lesions requires the use of specific tools, 
among them chromoendoscopy or narrowband imaging (NBI) to better define par-
ticular features such as pit and vascular pattern [11–13].

Final pathological examination of the resected lesion is fundamental to correctly 
assess the risk of progression and recurrence, thus defining the appropriate surveil-
lance schedule.

11.3  Methods to Improve the Adenoma Detection Rate

Studies have shown that up to 25% of adenomas are missed during colonoscopy, 
resulting in high interval cancer incidence [14]. In light of these observations, a 
high-quality examination that will ensure the detection and removal of all precan-
cerous lesions is warranted, and so several quality-assessment indicators have been 
developed, such as the worldwide accepted adenoma detection rate (ADR) [15]. 
ADR is defined as the proportion of average-risk patients undergoing first-time 
screening colonoscopy in which at least one adenoma is found [15]. It has been 
demonstrated that an ADR that exceeds 25% is significantly associated with a 
reduction in interval CRC [16]. Therefore, current American Society of 
Gastrointestinal Endoscopy (ASGE) guidelines propose that in patients undergoing 
screening colonoscopy, an ADR of ≥30% in men and of ≥20% in women should be 
achieved [17].

Adequate bowel preparation [18] and meticulous inspection of the mucosa dur-
ing scope withdrawal [19] are of paramount importance for efficient colon examina-
tion. Moreover, techniques like a second examination of the right colon either with 
direct or with retroflexed view [20] and water-assisted colonoscopy [21] promise 
better quality of the examination. Beyond these procedural issues, new endoscopic 
modalities including wide-angle view endoscopes and add-on devices have been 
developed in an effort to improve colonoscopy diagnostic yield by either expanding 
the field of scope view up to 330° or by providing retrograde view of the lumen or 
by flattening the haustral folds during withdrawal [22, 23].
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In conclusion, adequate bowel preparation, sufficient withdrawal time exceeding 
6 min, and second visualization of the right colon are among others easy-to-follow 
procedural factors that have demonstrated ADR improvement. During the last years, 
several endoscopic technologies have been developed to optimize visualization of 
the colonic mucosa. Although most of them have demonstrated impressive results 
regarding polyp detection, their impact in clinical practice is still questionable since 
all these modalities have not proved a significant impact on CRC prevention yet.

11.4  Colonoscopic Polypectomy: Current Techniques 
and Controversies

Successful polypectomy has to be effective in complete resection, efficient in 
retrieving all resected lesions, and safe in minimizing the risk of complication such 
as perforation or bleeding. Furthermore the resection must provide an accurate his-
tological diagnosis.

There are several techniques to remove polyps, and the choice depends on the 
morphology, size, location of polyps, and the experience of the endoscopist [24].

The endoscopic techniques for resection of smaller polyps are cold forceps 
biopsy (CFB), hot forceps biopsy (HFB), cold or hot snare excision, and argon 
plasma coagulation (APC). Advanced techniques for larger lesions are endoscopic 
mucosal resection (EMR) and endoscopic submucosal dissection (ESD).

The optimal method to polypectomy is removing polyps in one piece (en bloc 
resection), but if the size of polyp is larger than 2 cm, resection in multiple pieces 
(“piecemeal resection”) is the only option.

Resection techniques to treat difficult colorectal lesions include the inject-and- 
cut EMR, EMR with specialized cap (EMR-C), EMR with band ligation (EMR-L), 
underwater EMR, ESD, and specialized polypectomy techniques [25].

ESD has emerged as the approach with the greatest potentially curative yield 
with the major advantage being the ability to achieve en bloc excision for early- 
stage neoplasms and allowing an accurate estimation of the risk of lymph node 
metastasis as well as of the clearance of resection margins. Nowadays, colorectal 
ESD has been implemented with standard indications and is widely diffused in East 
Asia and Japan where en bloc resection is the primary target [26]. However, its 
application is still debated in Europe and the United States in favor of EMR because 
of the greater technical difficulty, longer operating times, and increased risk of per-
foration. However, endoscopists should be aware of the possibility of using hybrid 
techniques during the learning of colorectal ESD to reduce the technical challenge 
of completing the procedure. By the way, ESD is safe and effective when performed 
by experienced endoscopists, and it is reasonable to assume that its use for colorec-
tal neoplasms will spread widely in the future given the continuous development of 
strategies and technology refinements.

EMR and ESD are usually performed through the injection of a fluid agent into 
the submucosal space to expand it, rendering polypectomy easier and safer.  
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Several injection solutions have been tested and are currently used to create a sub-
mucosal cushion delimiting the lesion from the muscularis propria, so allowing the 
complete resection of the lesion and preventing perforation and thermal injury to the 
gastrointestinal (GI) wall. Among them, normal saline (NS) solution is most com-
monly used in clinical practice because of its low cost and ease of use [26]. However, 
NS often requires repeated injections because of its rapid absorption into the sur-
rounding tissue, thus increasing the risk of piecemeal resection and theoretically 
hampering the overall efficacy of the procedure [27].

This aspect pushed the endoscopy community to test various submucosal injec-
tion solutions such as hyaluronic acid (HA) [28], glycerol [29], dextrose water 
(DW) [30], fibrinogen mixture (FM) [31], polidocanol [32], and hydroxypropyl 
methylcellulose (HPMC) [33] in order to fulfill the pressing need of the ideal agent 
for EMR and ESD.

Such substances have been tested due to their ability to create a longer-lasting 
submucosal cushion as a result of their viscous properties. In doing so, they should 
be potentially able to allow lengthier procedures and increase the rate of en bloc 
resection, even for large lesions.

However, despite the promising results of the preliminary reports, their efficacy 
in preventing the main complication after polypectomy, namely, post-polypectomy 
bleeding (PPB), is still a matter of debate.

An ideal submucosal injection solution should be inexpensive, readily available, 
nontoxic, easy to prepare and inject, and should provide a long-lasting submucosal 
cushion [26]. It should also provide a sufficiently high submucosal elevation to 
facilitate en bloc resection (to reduce the local recurrence rate) and reduce the risk 
of perforation [26]. Unfortunately, none of the aforementioned substances seem to 
fulfill all of these features.

11.5  Complications of Colon Polypectomy

Colonic perforation during colonoscopy may occur as a direct result of therapeutic 
procedures like polypectomy. Early symptoms of perforation include persistent 
abdominal pain and abdominal distention. Later, patients may develop peritonitis. 
Surgical consultation should be obtained in all cases of perforation. Although per-
foration often requires surgical repair, nonsurgical management may be appropriate 
in selected individuals [34].

Hemorrhage is the most frequent complication of colon polypectomy, and it may 
occur immediately or can be delayed for several weeks after the procedure [35].

Polyp size has been reported as a risk factor for post-polypectomy bleeding 
(PPB) in several studies, but additional risk factors may include the number of pol-
yps removed, recent antithrombotic therapy, and polyp histology [36].

Colon polypectomy is considered a procedure at high risk of bleeding; hence 
antithrombotic agents should be interrupted before the procedure, and the timing for 
suspension has been recently defined [37]. Of particular interest is the management 
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of novel direct oral anticoagulant, whose timing of interruption should be defined 
based on renal function [37].

Post-polypectomy electrocoagulation syndrome is the result of electrocoagula-
tion injury to the bowel wall that induces a transmural burn and localized peritonitis 
without evidence of perforation on radiographic studies. Typically, patients with 
post-polypectomy electrocoagulation syndrome present 1–5 days after colonoscopy 
with fever, localized abdominal pain, localized peritoneal signs, and leukocytosis 
[38]. It does not require surgical treatment, but it is usually managed with intrave-
nous hydration, broad-spectrum parenteral antibiotics, and bowel rest until recovery 
[39].

11.6  Endoscopic Surveillance After Colon Polypectomy

Current surveillance guidelines recommend a 3-year surveillance interval for 
advanced colorectal adenomas (ACA) (defined by at least one of the following: 
≥1 cm in diameter, villous component, and high-grade dysplasia (HGD), namely, 
those features determining a higher risk of progression to carcinoma), whereas a 
more delayed surveillance should be scheduled in the case of tubular adenomas 
<1  cm and with low-grade dysplasia (LGD) [40, 41]. These recommendations 
assume that the baseline colonoscopy was complete and adequate and that all visi-
ble polyps were completely removed.

However, even within each subgroup, recurrence rates vary considerably accord-
ing to several baseline factors [42, 43].

Our group has recently developed a model built through a statistical method 
called “recursive partitioning analysis,” aimed at defining three different classes of 
risk for ACA recurrence after polypectomy [44]. We defined as low-risk class 
(recurrence rate 4.2%) patients with a single ACA ≤15 mm and with LGD; medium- 
risk class (recurrence rate 21.3%) patients with single ACA ≤15 mm with HGD, 
single ACA without HGD >15 mm, or multiple ACAs without HGD ≤15 mm; and 
high-risk class (recurrence rate 57.9%) those patients with HGD >15 mm [44].

Based on these findings, we have recently further refined the model by develop-
ing and validating an objective numeric score derived from the aforementioned vari-
ables (namely, grade of dysplasia, number of ACA, and size) [45].

11.7  New Perspectives

Pressing evidence shows that diminutive colonic polyps (≤ 5 mm) present a very 
low risk of cancer

(0–0.6%) that justifies a “resect and discard” strategy [46], whereas for hyper-
plastic polyps located in the rectosigmoid, a “diagnose and leave behind” strategy is 
appropriate because these harbor an even lower risk of cancer [47]. In these situa-
tions, the technology used is of paramount importance since a number of novel tools 
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are currently available such as narrowband imaging (NBI), flexible spectral imaging 
color enhancement (FICE), and i-SCAN digital contrast (I-SCAN) [48].

The important caveats with regard to real-time optical diagnosis concern the 
endoscopist’s expertise in optical biopsy and degree of confidence.

Circumferential incision of lesions using ESD techniques (c- EMR, CSI-EMR, 
or EMR-precut) seems to allow extension of the size limits while mitigating perfo-
ration risk [49, 50]. The use of special devices such as dual-loop snares may also 
increase the rate of en bloc resection for lesions ≥20 mm to 64% [51], while under-
water EMR has demonstrated en bloc resection rates of 55% for colorectal lesions 
of 20–40 mm [52].

In conclusions, like many other fields of medicine, colon polypectomy is an 
evolving topic. The endoscopist should be aware of the main changes in this field, 
particularly with regard to prevention of complications and macroscopic character-
ization of the lesion.
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