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Colonoscopy is an examination of the colorectum and terminal ileum undertaken by inserting a scope with a

camera device and flexible light source through the anus. In cases of infectious diseases, colonoscopy is helpful in

making the differential diagnosis, revealing endoscopic gross findings, and obtaining the specimens for pathology.

Additionally, colonoscopy provides clues for distinguishing between infectious disease and inflammatory bowel

disease (IBD), and aids in the post-treatment monitoring of IBD.

colonoscopy  intestinal diseases  IBD

1. Introduction

Colonoscopy is an examination of the colorectum and terminal ileum undertaken by inserting a scope with a

camera device and flexible light source through the anus. Since colonoscopy was first performed in the 1960s , it

has been used as a key diagnostic and therapeutic tool for various intestinal diseases. There are many types of

intestinal diseases, and they can be classified into infectious disease, inflammatory bowel disease (IBD),

neoplasm, functional bowel disorder, bleeding, and others. Colonoscopy can visualize lesions associated with

these diseases and find inflammation, ulcers, neoplasms, and hemorrhages. In addition, it provides information on

macroscopic findings and enables tissue sampling by inserting instruments through various channels . Moreover,

because of the development of endoscopic resection techniques such as endoscopic submucosal dissection (ESD)

and endoscopic mucosal resection (EMR), endoscopic resection is used as the main treatment for early colorectal

cancer . Colonoscopy also plays an important role in large bowel obstruction (LBO). Colonoscopy not only

enables the diagnosis of various diseases of LBO, but it is also useful as a treatment for balloon dilatation in benign

stricture and metal stent insertion in malignant obstruction . Additionally, when gastrointestinal bleeding occurs,

endoscopic hemostasis is performed through endoclipping or an electronic surgical unit, and endoscopic

perforation treatment can also be used for bowel perforation. However, in functional bowel disorders, colonoscopy

is used to exclude other organic causes rather than to diagnose the disease itself . As such, colonoscopy is

widely used in various diseases and clinical situations.

2. Colonoscopy in Intestinal Diseases

2.1. Infectious Diseases

An intestinal tract infection can cause abdominal pain, fever, diarrhea, loose stool, and bloody or mucoid stool, and

is caused by bacteria, viruses, or parasites. Common causes of infectious enterocolitis include Yersinia
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enterocolitica, Salmonella, Shigella, Escherichia coli, Campylobacter, Clostridium difficile, Mycobacterium

tuberculosis, cytomegalovirus (CMV), and Entamoeba histolytica . In such infectious intestinal diseases,

colonoscopy is more useful for diagnostics than therapeutics. In most cases of infectious colitis, endoscopic

findings are accompanied by edema, redness, ulceration, exudation, and mucosal friability . Therefore, it is

difficult to discriminate between the causative microorganisms that cause infection using only endoscopic findings.

Yet, the location of the lesion can be an important clue when making a differential diagnosis. Table 1 summarizes

the types of infectious enterocolitis that predominate according to the location of the lesion. Especially in

immunocompromised people or men who have sex with men, infectious diseases such as Neisseria gonorrhea,

Chlamydia trachomatis, herpes simplex virus, human papilloma virus, syphilis, and Treponema pallidum can occur

in the rectum. In these conditions, symptoms such as anorectal pain, tenesmus, and mucopurulent discharge may

be present .

Table 1. Prevalent sites of infectious enterocolitis according to the causative microorganism.

Although most cases of infectious enterocolitis yield similar endoscopic macroscopic findings, some cases of

infectious enterocolitis have characteristic endoscopic findings. Yersinia enterocolitis is caused by infection with

Yersinia enterocolitica, a Gram-negative bacillus distributed worldwide. Yersinia enterocolitis usually affects the

terminal ileum or right colon, but occasionally the left colon. Because the right colon and terminal ileum are

frequently involved, full colonoscopy should be considered to confirm Yersinia infection . Rutgeerts et al. reported

that Yersinia enteritis in the terminal ileum is characterized by large ulcers in the form of granular mucosa . Arai

et al. also reported multiple granular elevated lesions in Yersinia ileitis involving the terminal ileum . Yersinia

enterocolitis yields inflammatory findings accompanied by granular mucosa of the distal ileum, and is often

mistaken for Crohn’s disease (CD) because of its location . Therefore, diagnosis of Yersinia
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Prevalent Site of Infection Causative Microorganism

Distal small bowel

Yersinia
Salmonella

Shigella
Campylobacter

Distal ileum and cecum
Tuberculosis
Amoebiasis

Right colon
Salmonella
Amoebiasis

Yersinia

Left colon
Shigella

Gonorrhea
Chlamydia

Pancolitis
Escherichia coli

Clostridium difficile
Cytomegalovirus
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enterocolitis should not be made simply by endoscopic findings; other clinical features and clinical findings derived

through laboratory tests such as stool tests should be comprehensively considered.

Gastrointestinal (GI) salmonellosis is a disease caused by infection of the GI tract with Salmonella species.

Salmonella mainly affects the distal ileum and the right colon, but in some cases the entire colon may be involved;

thus, full colonoscopy should be considered when Salmonella infection is suspected, such as Yersinia enterocolitis

. It is difficult to differentiate Salmonella enterocolitis only by endoscopic findings because it yields non-specific

acute inflammatory findings, such as mucosal redness, mucosal friability, ulcers, and erosion . In severe

Salmonella enterocolitis involving the whole colon, care must be taken not to confuse it with ulcerative colitis (UC).

Moreover, care should be taken not to confuse it with CD when the right colon is severely involved .

Shigellosis presents with fever and watery diarrhea, progressing to invasive, hemorrhagic colitis . Upon

endoscopy, shigellosis shows mucosal redness, punctate spots, mucosal edema, irregular ulcers, mucosal friability,

and exudate . Sometimes in severe shigellosis, the ulcers coalesce and form a circular shape . Although

shigellosis mainly affects the left colon, particularly the rectosigmoid colon, it can extend to the proximal part

beyond the rectosigmoid colon, and it may present as pancolitis in 15% of cases . Shigella can be confused

with UC because it shows ulceration endoscopically with diarrhea and bleeding, and the involved area is similar to

that in UC.

Enterohemorrhagic E. coli enterocolitis (EHEC) can cause hemorrhagic colitis, diarrhea, and hemolytic uremic

syndrome . Several studies have reported that inflammation may appear in the entire colorectum, but is more

prevalent in the right colon . When severe inflammation occurs, marked swelling, hemorrhage, and dark

red erythema may appear in the right colon, which may be similar to the endoscopic findings of ischemic colitis.

Moreover, ischemic colitis and EHEC have similar histological findings . However, they can be

differentiated by their common location of involvement. Ischemic colitis usually occurs in the left colon, especially in

the watershed area, whereas EHEC enterocolitis occurs more severely in the right colon .

Pseudomembranous colitis (PMC) is characterized by the presence of numerous yellowish-white plaques forming a

pseudomembrane on the colonic mucosa. Endoscopic findings are characterized by multiple yellowish or creamy

mucosal plaques . The most common cause of PMC is Clostridium difficile . However, it can also be rarely

caused by Clostridium ramosum, Entamoeba histolytica, E. coli O157:H7, Klebsiella oxytoca, Salmonella species,

Shigella species, CMV, chemical agents and medications, IBD, and ischemic colitis . C. difficile-associated PMC

is caused by C. difficile toxins, and the use of antibiotics is the greatest risk factor for C. difficile overgrowth. PMC

usually involves the left colon, but may involve the entire colon in up to approximately one-third of cases .

However, colonoscopy does not always show typical positive findings in pseudomembranous colitis. Bergstein et

al. reported that 16 of 29 (55%) patients with confirmed C. difficile had endoscopic confirmation of

pseudomembrane, and non-specific colitis was found in 4 (14%) . Additionally, Gebhard et al. reported that in

the early course of C. Difficile-associated PMC, tiny round yellowish spots, different from the usual findings of

extensive PMC, could be seen . Colonoscopy can also be used for therapeutic purposes in C. difficile infection.
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Fecal microbiota transplantation for the treatment of refractory C. difficile infection, or for the prevention of

recurrence, can be administered via colonoscopy .

To diagnose intestinal tuberculosis, tissue sampling is required, so colonoscopy is essential . Since intestinal

tuberculosis often invades the terminal ileum, the terminal ileum should be observed when performing colonoscopy

. Endoscopic findings of intestinal tuberculosis include erosions, aphthous ulcers, circumferential ulcers, round-

or irregular-shaped ulcers with circumferential arrangements, multiple nodules, ileocecal deformity, and luminal

narrowing . Since intestinal tuberculosis tends to involve the ileocecal area and the endoscopic findings are

similar to those of CD, care must be taken in making the differential diagnosis. Intestinal tuberculosis more

frequently shows a patulous ileocecal valve, scars, and pseudopolyps, and it tends to involve fewer than four

segments . Although tissue collection is essential for the diagnosis of intestinal tuberculosis, the probability of

confirming intestinal tuberculosis via pathological findings using a biopsy tissue or culture is only 38.7% .

Although the confirmation rate via tissue sampling is low, it is also important to confirm the endoscopic findings for

the sake of diagnosis.

CMV disease is caused by the reactivation of a latent virus, and is mainly seen in immunocompromised individuals,

such as organ transplant recipients . The GI tract is one of the common organs involved in CMV disease

. The diagnostic gold standard for GI CMV disease is the presence of CMV in a tissue sample. However, there

may be sampling error and the diagnostic yield is low, so it is not always possible to obtain meaningful results for

diagnosis . An important endoscopic finding of GI CMV disease is a well-defined ulcer with a punch-out

appearance. Occasionally, endoscopic findings may show nonspecific erosions, ulcers, hemorrhagic spots, and

granularity and friable mucosa that are difficult to distinguish from UC .

Amoebic colitis is caused by intestinal infection with Entamoeba histolytica. Amoebiasis does not cause symptoms

in most cases, but approximately 10% of infected people develop symptoms . Colonoscopy can be a good tool

for diagnosing amebic colitis. In particular, the microscopic confirmation of trophozoites that phagocytize red blood

cells by performing an endoscopic biopsy sample is the most reliable method for diagnosing amebiasis .

Endoscopically, amoebic colitis is frequently identified in the cecum or ascending colonm and appears mainly as an

ulcerative lesion. The size of the lesion varies from several millimeters to several centimeters, and it shows a clear

border with the surrounding normal mucosa and is covered with exudate. In the early stages of the disease, only

inflammatory findings, such as mucosal redness, may be seen . Tissue biopsy is not diagnostic two-thirds of

cases .

2.2. Inflammatory Bowel Diseases

IBD is classified into CD and UC. Until the 1990s, the treatment goal for IBD was mainly clinical remission.

However, as the treatment paradigm has recently changed, the role of endoscopy is becoming more important. An

Update on the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE-II) published in 2021

suggested endoscopic healing as a long-term target along with normalized quality of life . Endoscopy, especially

ileocolonoscopy, is an essential tool for diagnosing IBD, confirming disease activity, assessing treatment effects,
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performing colorectal cancer screening, and providing treatment such as endoscopic dilatation 

. UC and CD show differences in endoscopic findings, and they are very helpful in diagnosis. CD mainly shows

segmental involvement, aphthous ulcers, serpentious, longitudinal ulcers, large deep ulcers, rectal sparing, anal or

perianal disease, and a cobble stone appearance. Conversely, UC shows a continuous lesion, loss of vascular

pattern, granular mucosa, erosion, and rectal involvement . Generally, CD can involve the entire GI tract, and

UC affects only the colorectum. However, inflammation of the terminal ileum, i.e., backwash ileitis, is found in 10%

of patients with diffuse active UC . Since CD often invades the terminal ileum, it is essential to observe the

terminal ileum during colonoscopy . Histopathological evaluation through colonoscopic biopsy, especially the

identification of granuloma specific to CD, helps to differentiate IBD . However, not all tissue samples of CD

show granuloma on histopathological examination. The rate of confirmation of granuloma through endoscopic

biopsy in CD is as low as 15% to 36% .

Mucosal healing is a strong predictor of an IBD patient’s long-term outcome . In UC, mucosal healing leads to

clinical remission and reduces the risk of colon cancer. In CD, mucosal healing reduces surgery and hospitalization

rates . Table 2 summarizes the endoscopic scoring system commonly used in IBD. Endoscopic evaluation is

required to evaluate mucosal healing. Since UC occurs only in the colorectum, colonoscopy is essential to evaluate

disease activity. Endoscopic severity assessment scoring systems used for UC include the Mayo endoscopic

subscore (MES), Ulcerative Colitis Endoscopic Index of Severity (UCEIS), and Ulcerative Colitis Colonoscopic

Index of Severity (UCCIS). The MES is a part of the Mayo score and is widely used in clinical practice. The MES

classifies UC into normal or inactive disease, mild disease (erythema, decreased vascularity, mild friability),

moderated disease (marked erythema, absent vascularity, friability, and erosions), and severe disease

(spontaneous bleeding and ulceration) . UCEIS is a scoring system that evaluates each of the nine items of

vascular pattern, mucosal erythema, mucosal surface, mucosal edema, mucopus, bleeding, incidental friability,

contact friability, erosions and ulcers, and extent of erosions or ulcers . UCCIS uses four parameters: granularity,

vascular pattern, ulceration, and bleeding/friability . The first endoscopic scoring system for CD was the Crohn’s

Disease Endoscopic Index of Severity (CDEIS), but it is difficult to use in clinical practice because of its complexity.

The subsequent Simple Endoscopic Score for Crohn’s Disease assesses the degree of ulceration, ulcerated

surface, inflamed surface, and stenosis for five defined bowel segments (the rectum, sigmoid and descending

colon, transverse colon, ascending colon, and terminal ileum) to classify the disease activity .

Table 2. Endoscopic scoring systems for IBD.
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Scoring
System

Disease
Type Criteria

MES

UC 0: Normal or inactive disease
1: Mild disease (erythema, decreased vascular pattern, mild friability)
2: Moderate disease (marked erythema, absent vascular pattern, friability,
erosions)
3: Severe disease (spontaneous bleeding, ulceration)

UCEIS Combines vascular pattern, bleeding, erosions and ulcers, and evaluates the
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MES, Mayo endoscopic score; UCEIS, Ulcerative Colitis Endoscopic Index of Severity; UCCIS, Ulcerative Colitis

Colonoscopic Index of Severity; CDEIS, Crohn’s Disease Endoscopic Index of Severity; SES-CD, Simple

Endoscopic Score for Crohn’s Disease.

In IBD, colonoscopy is required for the screening of cancer and dysplasia along with evaluating disease activity.

Chronic inflammation of the intestine due to IBD increases the risk of colorectal cancer. The incidence of colorectal

cancer in patients with IBD is two- to three-fold . The increased risk of colorectal cancer in patients with

inflammatory bowel disease can be managed through periodic colonoscopy surveillance. The 2019 BSG and

ECCO guidelines recommend starting surveillance 8 years after symptom onset in patients with inflammatory

bowel disease with colon involvement. However, if PSC is present, it is recommended to start monitoring at the

time of diagnosis . In addition, the surveillance interval is classified according to the severity of the disease

and is recommended at intervals of 1–5 years. When determining the surveillance interval, the presence of primary

sclerosing cholangitis, severity of inflammation, family history, dense pseudopolyps, and dysplasia should be

considered . A Cochrane Database systemic review and meta-analysis reported that the surveillance

colonoscopy group of patients with IBD showed lower cancer detection (3.2% vs. 1.8%, odds ratio (OR), 0.58; 95%

confidence interval (CI), 0.42–0.80, p < 0.001), lower colorectal cancer-related mortality (22.3% vs. 8.5%, OR,

0.36; 95% CI, 0.19–0.69, p = 0.002), and a higher rate of early-stage colorectal cancer (7.7% vs. 15.5%, OR, 5.40;

95% CI, 1.51–19.30, p = 0.009) than the no-surveillance group . Continuous surveillance colonoscopy is

required to reduce the increased risk of colorectal cancer in patients with IBD.

The surveillance of dysplasia should also be performed in inflammatory bowel disease. The 2019 BSG and ECCO

guidelines recommend using high-definition endoscopy rather than standard-definition, and chromoendoscopy

rather than white light endoscopy. For chromoendoscopy, the use of methylene blue or indigo carmine is

recommended . However, chromoendoscopy can be considered impractical for practitioners because it takes

a long time and requires several preparations. Therefore, instead of chromoendoscopy, high-definition endoscopy

can also be used as a good alternative . Previously, biopsies were performed four times every 10 cm when

conducting surveillance colonoscopy in patients with IBD, but their effectiveness is controversial. Random biopsy is

considered to be problematic because of the low dysplasia detection rate and prolonged procedure time. Moreover,

the 2019 BSG and ECCO guidelines recommend target biopsy instead of random biopsy. Therefore, random

biopsy can be considered in selected cases . In past guidelines, surgical proctocolectomy was

recommended when dysplasia was identified on surveillance colonoscopy for IBD. However, the recent trend is to

attempt endoscopic resection according to the lesion characteristics . Surgical operation is considered for non-

visible dysplasia confirmed by random biopsy . On the other hand, macroscopically identified dysplasia lesions

can be removed endoscopically. Endoscopic resection should be performed by a skilled therapeutic endoscopist,

Scoring
System

Disease
Type Criteria

severity on a scale of 0 to 8

UCCIS
Evaluates 4 parameters: granularity, vascular pattern, ulceration, and
bleeding/friability
Score range: 0–12, with higher scores indicating more severe disease

CDEIS

CD

Considers the surface affected by disease, ulcerations, and ulcerated surface
Score range: 0–44, with higher scores indicating more severe disease

SES-CD
Evaluates 4 parameters: size of ulcers, ulcerated surface, affected surface, and
presence of narrowing
Score range: 0–56, with higher scores indicating more severe disease
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and it is determined depending on the shape, size, site, and submucosal invasion of the lesion . Endoscopic

resection methods include EMR, ESD, modified EMR (mEMR), and hybrid ESD. It is recommended to perform

endoscopic resection when in the endoscopic remission state .

IBD is accompanied by various bowel complications, the most representative of which is stricture. Stricture occurs

primarily in patients with CD and occurs in up to 33% of patients with CD 10 years after diagnosis . If symptoms

occur due to stricture, surgical or endoscopic treatment is required. Since repetitive surgical operations can lead to

short bowel syndrome, endoscopic balloon dilatation can replace surgery to preserve the bowel. Endoscopic

balloon dilatation should be avoided in patients with fistulas, deep ulcers, or long strictures >5 cm . In one

study, the technical success rate of endoscopic balloon dilatation was 89% and the clinical success rate was 81%

. However, repeated endoscopic dilation is often required because of the high recurrence rate of stricture.

Gustavsson et al. performed 776 dilatations in 178 patients with CD. At the 5-year follow-up, only 52% of the

patients did not require additional dilatation or only needed one additional dilatation. Complications occurred in

5.3% of patients, and 36% underwent surgery . Ferlitsch et al. reported that after endoscopic dilatation for CD

stricture, repeated dilatation was performed in 31% of cases, and surgical resection was performed in 28% . If

the length of the stricture is short (<4 cm), stricture of the surgical anastomosis is the most suitable target for

balloon dilatation. However, surgical treatment should be considered in cases of multiple stenosis, >4–5 cm, fistula,

or abscess . Although strictures are more commonly observed in CD than in UC, if strictures are found in UC

patients with a long morbidity period, a biopsy is necessary because there is a risk of dysplasia or colorectal

cancer. The characteristics of malignant stricture in UC are as follows: first, it occurs 10–20 years after the onset of

UC; second, it is more common in the proximal than in the splenic curve; and third, it is often expressed as a

symptom of colonic obstruction .

2.3. Neoplasms

Colorectal cancer (CRC) is a major cause of morbidity and mortality throughout the world. It accounts for over 10%

of all cancer incidence . It is the third most common cancer worldwide and the second most common cause of

death . Most guidelines, including those from the American Cancer Society , the US Preventive Services Task

Force , and the European Society of Gastrointestinal Endoscopy (ESGE) , recommend screening for CRC in

average-risk individuals beginning at the age of 45 or 50 years. Both colonoscopy and sigmoidoscopy can detect

and remove polyps, potentially preventing malignant transformation and decreasing CRC mortality and incidence.

To date, four large randomized controlled trials comparing flexible sigmoidoscopy screening with no screening

showed reductions in CRC incidence (18–23%) and CRC mortality (22–33%) . These findings provide

substantial protection against CRC diagnosis and death, and the benefits can last for up to 17 years .

Randomized controlled trials of screening colonoscopy are ongoing, but definitive results will not be available until

2022 or 2026–2027 . Cohort and case–control studies found an association between lower endoscopy

and reduced CRC mortality and incidence. A large prospective cohort study of nearly 89,000 nurses and other

healthcare professionals found that, over 24 years of follow-up, colonoscopy was associated with a 68% reduction

(95% CI, 0.55–0.76) in CRC-specific mortality compared with no exposure to colonoscopy . Individuals who

underwent colonoscopy with polypectomy were found to have a 43% reduction in CRC incidence compared to
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those with no lower endoscopy . However, cohort studies probably overestimate the real-world effectiveness of

colonoscopy because of the inability to adjust for important factors such as incomplete adherence to testing and

the tendency of healthier persons to seek preventive care. In a Canadian case–control study, any colonoscopy was

associated with a 37% reduction in the odds of CRC death . Similar case–control studies using the

Surveillance, Epidemiology, and End Results (SEER)-Medicare and Veterans Administration data also found

approximately 60% reductions in CRC death associated with colonoscopy, with similar differences by site .

However, these three case–control studies were unable to determine indications for colonoscopy, and excluded

colonoscopies performed within 6 months of CRC diagnosis, likely introducing bias. In a meta-analysis conducted

with 13 cohorts including 4,713,778 individuals and 16 case–control studies, colonoscopy screening not only

reduced the incidence of colorectal cancer by 52% (risk ratio (RR): 0.48, 95% CI, 0.46–0.49), but also reduced

colorectal cancer related mortality by 62% (RR: 0.38, 95% CI, 0.36–0.40) . Flexible sigmoidoscopy and

colonoscopy are both recommended CRC screening strategies, but their relative effectiveness is unclear.

According to the case–control study using the SEER-Medicare database, screening colonoscopy was associated

with a greater reduction of 74% (OR 0.26, 95% CI, 0.23–0.30) in CRC mortality compared to screening

sigmoidoscopy, which was associated with a 35% reduction (OR 0.65, 95% CI, 0.48–0.89) in CRC mortality.

Additionally, screening colonoscopy was found to be more effective in reducing mortality in the distal colon

compared to the proximal colon.

The NordICC (Nordic-European Initiative on Colorectal Cancer) study highlights the importance of quality control in

population-based colonoscopy screening programs. A significant issue identified in this study is the low quality of

colonoscopy screenings, which can affect the effectiveness of these programs in detecting and preventing CRC

. The ongoing NordICC study aims to evaluate the long-term performance of colonoscopy screening and the

impact of quality control measures. In the next 5 years, the study is expected to yield valuable insights into the

effectiveness of various quality indicators in improving colonoscopy screening results . By examining these

results, healthcare professionals and policymakers can make informed decisions about implementing and refining

population-based colonoscopy screening programs.

Colonoscopy describes the size and shape of neoplasms found during the diagnostic process, and also can

estimate the tumor’s malignant potential and invasion depth. Generally, the macroscopic appearance of colonic

lesions is described using the Paris classification. According to the Paris classification, among neoplastic lesions

with superficial morphology, those taller than the height of the biopsy forcep (2.5 mm) are defined as polypoid, and

those that are not are defined as non-polypoid. Polypoid lesions are classified as I, which are further classified as

pedunculated (lp), sessile (ls), and semi-pedunculated (Isp). Nonpolypoids are classified as slightly elevated (lla),

flat (llb), slightly depressed (llc), and excavated (lll) . Classifying the endoscopic macroscopic type helps to

understand the characteristics of the lesion and select an appropriate endoscopic resection method for the lesion.

Macroscopic findings are important clues to determine the invasion depth of the lesion. Currently, the indication for

endoscopic treatment of colorectal cancer is early colorectal cancer that invades the mucosa or submucosa to

<1000 μm . Therefore, it is necessary to accurately determine the invasion depth of the lesion before

endoscopic resection to avoid unnecessary procedures. Representative morphological features suggesting

submucosal invasion of colorectal cancer include loss of lobulation, demarcated depression area, stalk swelling,
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excavation, fullness, ulcer bleeding, fold convergency, and non-lifting signs . Kudo et al. first proposed a

classification method called pit pattern using a magnifying endoscopy and indigo carmine dye . This

classification classifies into five types, from type I to type V, and according to each classification, the tissue type

and invasion depth of the colorectal tumor can be estimated. As electronic chromoendoscopy can replace

chromoagents, the Tumor Narrow Band Imaging (NBI) Interest Group in 2010 proposed the NBI International

Colorectal Endoscopic (NICE) classification, which is a method of classifying colorectal lesions according to NBI

findings without magnifying endoscopy . Additionally, in 2014, the Japan NBI Expert Team (JNET) proposed the

JNET classification using magnifying endoscopy and NBI. The JNET classification divides colorectal lesions into

four types (types 1, 2A, 2B, and 3) using surface and vascular patterns, and this is different from the NICE

classification, in that the JNET classification can distinguish between benign lesion and mucosal cancer .

A subepithelial lesion (SEL) is also a neoplastic lesion that is frequently encountered in clinical practice. SELs can

occur in any segment of the colon. As the rate of screening colonoscopy increases, the number of SEL cases is

also increasing . SELs can be benign and malignant, so making an accurate diagnosis is very important. For

the diagnosis of SELs, first, it is important to confirm the macroscopic findings of the lesion through colonoscopy.

Most SELs are lesions < 20 mm, covered by normal mucosa. The color of the surface mucosa varies from normal

pinkish to yellowish, bluish, whitish, and reddish. The consistency of the lesion can be assessed by touching it with

biopsy forceps. If the cushion sign is positive, it is often a lipoma or lymphangioma. In addition, when pulsation is

observed in the lesion, it can be considered as a blood vessel. Rapid growth in size or surface ulceration can be

considered as findings suggesting malignancy . An SEL may not be an intraluminal lesion, and may instead be

compression caused by an external structure. If the location and pattern of the lesion change through air control or

posture change, the possibility of extraluminal compression should be considered. A prospective study reported

that when 100 SELs were evaluated, endoscopic identification of the intramural or extramural location of the lesion

showed a sensitivity of 98% and a specificity of 64%. This finding suggests that extramural lesions may be

mistaken for intramural lesions by endoscopy alone . Therefore, when extramural compression is suspected,

performing additional modalities such as endoscopic ultrasonography (EUS) and computed tomography (CT) is

helpful for diagnosis. When using EUS, the accuracy of distinguishing between extramural and intramural lesions

reaches approximately 90% .

EUS is useful for the differentiation of intramural SELs by evaluating the originating layer and echogenicity of the

SEL. Table 3  summarizes the layers and echogenicity of representative colonic SELs commonly

encountered. In addition to layer and echogenecity, there are clues that are helpful for diagnosis during EUS. First,

when there is erosion or ulceration on the surface of the SEL, it is likely a malignancy, such as submucosal tumor

like-cancer, metastatic cancer, a neuroendocrine tumor, lymphoma, or a GI stromal tumor. A lipoma has a yellow

surface with a positive cushion sign, and when a biopsy is performed, a characteristic naked fat sign is observed.

Lymphangioma also has a positive cushion sign, and unlike a lipoma, it has a pale, transparent surface. In addition,

a lymphangioma is characterized by anechoic cystic spaces with septations when EUS is performed. It is

impossible to completely discriminate all SELs with only EUS. In one study, the concordance between EUS and a

histopathologic diagnosis was 79.3% . In summary, to diagnose SEL, the location of the lesion, macroscopic
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[120]
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[122]

[122]
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findings, and EUS findings should be comprehensively considered, and if necessary, additional imaging modalities

such as CT and magnetic resonance imaging should be used .

Table 3. Characteristic features of colorectal subepithelial tumors.

GIST, Gastrointestinal stromal tumor; MALToma, mucosa-associated lymphoid tissue lymphoma; EUS, endoscopic

ultrasonography.
References

1. Da Silva, G.M.; Vernava, A.M., III. History of Colonoscopy. Clin. Colon Rectal Surg. 2001, 14,
303–308.

2. Waye, J.D. Difficult colonoscopy. Gastroenterol. Hepatol. 2013, 9, 676–678.

[124]

Type of Lesion Layer of Origin EUS Appearance

Benign lesions   

Lipoma Third Hyperechoic, homogenous, smooth margin

Lymphangioma Second, Third Anechoic with internal septa, serpiginous shape

Leiomyoma Second, Fourth
Hypoechoic (similar to the muscular layer), homogenous, round

or oval, well-circumscribed

Granular cell tumor Second, Third
Hypoechoic (higher echogenicity compared to the muscular

layer), heterogenous, smooth margin

Schwannoma Third, Fourth
Hypoechoic, homogenous, smooth margin, sometimes with

marginal halo

Calcifying fibrous tumor
Second, Third,

Forth
Hypoechoic, post-acoustic shadowing with slightly hyperechoic

foci inside

Rectal tonsil Second, Third Hypoechoic, well-demarcated

Endometriosis Forth, Fifth
Hypoechoic. Heterogenous (mighht extended into the

rectovaginal setum), irregular margin

Lesions with malignant
potential

  

Neuroendocrine tumor Second, Third Hypoechoic or isoechoic, homogenous, smooth margin

GIST—low risk Second, Fourth
Hypoechoic, round, <3 cm, heterogenous, round, smooth

margin

GIST—high risk Second, Fourth
Hypoechoic, >3 cm, heterogenous with cystic spaces or

echogenic foci, irregular margin

MALToma Second, Third Hypoechoic, Partial indentation of the submucosa layer



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 11/20

3. Ebigbo, A.; Probst, A.; Messmann, H. Endoscopic treatment of early colorectal cancer—Just a
competition with surgery? Innov. Surg. Sci. 2018, 3, 39–46.

4. Van Hooft, J.E.; Veld, J.V.; Arnold, D.; Beets-Tan, R.G.H.; Everett, S.; Gotz, M.; Van Halsema,
E.E.; Hill, J.; Manes, G.; Meisner, S.; et al. Self-expandable metal stents for obstructing colonic
and extracolonic cancer: European Society of Gastrointestinal Endoscopy (ESGE) Guideline—
Update 2020. Endoscopy 2020, 52, 389–407.

5. Longstreth, G.F.; Thompson, W.G.; Chey, W.D.; Houghton, L.A.; Mearin, F.; Spiller, R.C.
Functional bowel disorders. Gastroenterology 2006, 130, 1480–1491.

6. Navaneethan, U.; Giannella, R.A. Infectious colitis. Curr. Opin. Gastroenterol. 2011, 27, 66–71.

7. Han, D. Diagnostic tips for making the diagnosis of inflammatory bowel disease. Korean J.
Gastrointest. Endosc. 2009, 38, 181–187.

8. Assi, R.; Hashim, P.W.; Reddy, V.B.; Einarsdottir, H.; Longo, W.E. Sexually transmitted infections
of the anus and rectum. World J. Gastroenterol. 2014, 20, 15262–15268.

9. Matsumoto, T.; Iida, M.; Matsui, T.; Sakamoto, K.; Fuchigami, T.; Haraguchi, Y.; Fujishima, M.
Endoscopic findings in Yersinia enterocolitica enterocolitis. Gastrointest. Endosc. 1990, 36, 583–
587.

10. Rutgeerts, P.; Geboes, K.; Ponette, E.; Coremans, G.; Vantrappen, G. Acute infective colitis
caused by endemic pathogens in western Europe: Endoscopic features. Endoscopy 1982, 14,
212–219.

11. Arai, Y.; Matsumoto, J.; Odashima, H. Analysis of endoscopic findings in acute terminal ileitis.
Gastroenterol. Endosc. 1982, 24, 1439–1444.

12. Macfarlane, P.I.; Miller, V. Yersinia enterocolitica mimicking Crohn’s disease. J. Pediatr.
Gastroenterol. Nutr. 1986, 5, 671.

13. Tuohy, A.M.; O’Gorman, M.; Byington, C.; Reid, B.; Jackson, W.D. Yersinia enterocolitis mimicking
Crohn’s disease in a toddler. Pediatrics 1999, 104, e36.

14. Ijichi, S.; Kusaka, T.; Okada, H.; Fujisawa, T.; Kobara, H.; Itoh, S. Terminal ileitis caused by
Yersinia pseudotuberculosis mimicking Crohn disease in childhood. J. Pediatr. Gastroenterol.
Nutr. 2012, 55, e125.

15. Naddei, R.; Martinelli, M.; Strisciuglio, C.; D’Armiento, M.; Vollaro, A.; Staiano, A.; Miele, E.
Yersinia Enterocolitica Ileitis Mimicking Pediatric Crohn’s Disease. Inflamm. Bowel Dis. 2017, 23,
E15–E16.

16. Ham, J.S.; Ryu, C.B.; Cheon, G.J.; Hong, S.J.; Kim, J.O.; Cho, J.Y.; Lee, J.S.; Lee, M.S.; Shim,
C.S. Clinical Presentations of Salmonella Colitis on Total Colonoscopy. Korean J. Gastrointest.
Endosc. 2001, 22, 83–87.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 12/20

17. Carpenter, H.A.; Talley, N.J. The importance of clinicopathological correlation in the diagnosis of
inflammatory conditions of the colon: Histological patterns with clinical implications. Am. J.
Gastroenterol. 2000, 95, 878–896.

18. Ina, K.; Kusugami, K.; Ohta, M. Bacterial hemorrhagic enterocolitis. J. Gastroenterol. 2003, 38,
111–120.

19. Farooq, P.D.; Urrunaga, N.H.; Tang, D.M.; von Rosenvinge, E.C. Pseudomembranous colitis.
Disease-a-Month 2015, 61, 181–206.

20. Khuroo, M.S.; Mahajan, R.; Zargar, S.A.; Panhotra, B.R.; Bhat, R.L.; Javid, G.; Mahajan, B. The
colon in shigellosis: Serial colonoscopic appearances in Shigella dysenteriae I. Endoscopy 1990,
22, 35–38.

21. Eun, C.S.; Han, D.S. Endoscopic Findings and Diagnosis of Infectious Diseases of the Lower GI
Tract: Bacterial, Pseudomembraneous, Amoebic Colitis, Cytomegalovirus. Adv. Endosc. Inflamm.
Bowel Dis. 2017, 13, 137–143.

22. Speelman, P.; Kabir, I.; Islam, M. Distribution and spread of colonic lesions in shigellosis: A
colonoscopic study. J. Infect. Dis. 1984, 150, 899–903.

23. Remis, R.S.; MacDonald, K.L.; Riley, L.W.; Puhr, N.D.; Wells, J.G.; Davis, B.R.; Blake, P.A.;
Cohen, M.L. Sporadic cases of hemorrhagic colitis associated with Escherichia coli O157:H7.
Ann. Intern. Med. 1984, 101, 624–626.

24. Griffin, P.M.; Olmstead, L.C.; Petras, R.E. Escherichia coli O157:H7-associated colitis. A clinical
and histological study of 11 cases. Gastroenterology 1990, 99, 142–149.

25. Ilnyckyj, A.; Greenberg, H.; Bernstein, C.N. Escherichia coli O157:H7 infection mimicking Crohn’s
disease. Gastroenterology 1997, 112, 995–999.

26. Uc, A.; Mitros, F.A.; Kao, S.C.; Sanders, K.D. Pseudomembranous colitis with Escherichia coli
O157:H7. J. Pediatr. Gastroenterol. Nutr. 1997, 24, 590–593.

27. Dalal, B.I.; Krishnan, C.; Laschuk, B.; Duff, J.H. Sporadic hemorrhagic colitis associated with
Escherichia coli, type O157:H7: Unusual presentation mimicking ischemic colitis. Can. J. Surg. J.
Can. Chir. 1987, 30, 207–208.

28. Bellaiche, G.; Le Pennec, M.P.; Slama, J.L.; Tordjmann, G.; Ley, G.; Choudat, L.; Mathieu, P.;
Paugam, B. Escherichia coli O157:H7 ischemic colitis with hemolytic-uremic syndrome.
Gastroenterol. Clin. Biol. 1996, 20, 614–615.

29. Su, C.; Brandt, L.J.; Sigal, S.H.; Alt, E.; Steinberg, J.J.; Patterson, K.; Tarr, P.I. The
immunohistological diagnosis of E. coli O157:H7 colitis: Possible association with colonic
ischemia. Am. J. Gastroenterol. 1998, 93, 1055–1059.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 13/20

30. Shigeno, T.; Akamatsu, T.; Fujimori, K.; Nakatsuji, Y.; Nagata, A. The clinical significance of
colonoscopy in hemorrhagic colitis due to enterohemorrhagic Escherichia coli O157:H7 infection.
Endoscopy 2002, 34, 311–314.

31. Kawamoto, S.; Horton, K.M.; Fishman, E.K. Pseudomembranous colitis: Spectrum of imaging
findings with clinical and pathologic correlation. Radiographics 1999, 19, 887–897.

32. Moyenuddin, M.; Williamson, J.C.; Ohl, C.A. Clostridium difficile-associated diarrhea: Current
strategies for diagnosis and therapy. Curr. Gastroenterol. Rep. 2002, 4, 279–286.

33. Tang, D.M.; Urrunaga, N.H.; Von Rosenvinge, E.C. Pseudomembranous colitis: Not always
Clostridium difficile. Clevel. Clin. J. Med. 2016, 83, 361–366.

34. Waye, J.D. Differentiation of inflammatory bowel conditions by endoscopy and biopsy. Endoscopy
1992, 24, 551–554.

35. Bergstein, J.M.; Kramer, A.; Wittman, D.H.; Aprahamian, C.; Quebbeman, E.J.
Pseudomembranous colitis: How useful is endoscopy? Surg. Endosc. 1990, 4, 217–219.

36. Gebhard, R.L.; Gerding, D.N.; Olson, M.M.; Peterson, L.R.; McClain, C.J.; Ansel, H.J.; Shaw,
M.J.; Schwartz, M.L. Clinical and endoscopic findings in patients early in the course of clostridium
difficile-associated pseudomembranous colitis. Am. J. Med. 1985, 78, 45–48.

37. Kelly, C.R.; Fischer, M.; Allegretti, J.R.; LaPlante, K.; Stewart, D.B.; Limketkai, B.N.; Stollman,
N.H. ACG Clinical Guidelines: Prevention, Diagnosis, and Treatment of Clostridioides difficile
Infections. Am. J. Gastroenterol. 2021, 116, 1124–1147.

38. Kirsch, R.; Pentecost, M.; Hall Pde, M.; Epstein, D.P.; Watermeyer, G.; Friederich, P.W. Role of
colonoscopic biopsy in distinguishing between Crohn’s disease and intestinal tuberculosis. J. Clin.
Pathol. 2006, 59, 840–844.

39. Moka, P.; Ahuja, V.; Makharia, G.K. Endoscopic features of gastrointestinal tuberculosis and
crohn’s disease. J. Dig. Endosc. 2017, 8, 1–11.

40. Sato, S.; Yao, K.; Yao, T.; Schlemper, R.J.; Matsui, T.; Sakurai, T.; Iwashita, A. Colonoscopy in the
diagnosis of intestinal tuberculosis in asymptomatic patients. Gastrointest. Endosc. 2004, 59,
362–368.

41. Mukewar, S.; Mukewar, S.; Ravi, R.; Prasad, A.; Dua, K.S. Colon tuberculosis: Endoscopic
features and prospective endoscopic follow-up after anti-tuberculosis treatment. Clin. Transl.
Gastroenterol. 2012, 3, e24.

42. Lee, Y.J.; Yang, S.K.; Byeon, J.S.; Myung, S.J.; Chang, H.S.; Hong, S.S.; Kim, K.J.; Lee, G.H.;
Jung, H.Y.; Hong, W.S.; et al. Analysis of colonoscopic findings in the differential diagnosis
between intestinal tuberculosis and Crohn’s disease. Endoscopy 2006, 38, 592–597.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 14/20

43. Lee, Y.J.; Yang, S.K.; Myung, S.J.; Byeon, J.S.; Park, I.G.; Kim, J.S.; Lee, G.H.; Jung, H.Y.; Hong,
W.S.; Kim, J.H.; et al. The usefulness of colonoscopic biopsy in the diagnosis of intestinal
tuberculosis and pattern of concomitant extra-intestinal tuberculosis. Korean J. Gastroenterol.
Taehan Sohwagi Hakhoe Chi 2004, 44, 153–159.

44. Korkmaz, M.; Kunefeci, G.; Selcuk, H.; Unal, H.; Gur, G.; Yilmaz, U.; Arslan, H.; Demirhan, B.;
Boyacioglu, S.; Haberal, M. The role of early colonoscopy in CMV colitis of transplant recipients.
Transplant. Proc. 2005, 37, 3059–3060.

45. Hirayama, Y.; Ando, T.; Hirooka, Y.; Watanabe, O.; Miyahara, R.; Nakamura, M.; Yamamura, T.;
Goto, H. Characteristic endoscopic findings and risk factors for cytomegalovirus-associated colitis
in patients with active ulcerative colitis. World J. Gastrointest. Endosc. 2016, 8, 301–309.

46. Yoon, J.; Lee, J.; Kim, D.S.; Lee, J.W.; Hong, S.W.; Hwang, H.W.; Hwang, S.W.; Park, S.H.; Yang,
D.H.; Ye, B.D.; et al. Endoscopic features and clinical outcomes of cytomegalovirus
gastroenterocolitis in immunocompetent patients. Sci. Rep. 2021, 11, 6284.

47. Nakase, H.; Herfarth, H. Cytomegalovirus Colitis, Cytomegalovirus Hepatitis and Systemic
Cytomegalovirus Infection: Common Features and Differences. Inflamm. Intest. Dis. 2016, 1, 15–
23.

48. Umar, S.; Clarke, K.; Bilimoria, F.; Bilal, M.; Singh, S.; Silverman, J. Diagnostic yield from colon
biopsies in patients with inflammatory bowel disease and suspected cytomegalovirus infection: Is
it worth it? Ann. Gastroenterol. 2017, 30, 429–432.

49. Mantzaris, G.J. Endoscopic diagnosis of infectious colitis. Ann. Gastroenterol. 2007, 20, 71–74.

50. Suzuki, H.; Kato, J.; Kuriyama, M.; Hiraoka, S.; Kuwaki, K.; Yamamoto, K. Specific endoscopic
features of ulcerative colitis complicated by cytomegalovirus infection. World J. Gastroenterol.
2010, 16, 1245–1251.

51. Levin, A.; Yaari, S.; Stoff, R.; Caplan, O.; Wolf, D.G.; Israeli, E. Diagnosis of Cytomegalovirus
Infection during Exacerbation of Ulcerative Colitis. Digestion 2017, 96, 142–148.

52. Ali, I.K.; Clark, C.G.; Petri, W.A., Jr. Molecular epidemiology of amebiasis. Infect. Genet. Evol. J.
Mol. Epidemiol. Evol. Genet. Infect. Dis. 2008, 8, 698–707.

53. Moon, G.; Park, J.B.; Paik, C.H.; Hur, C.; Chang, H.C.; Kim, H.S.; Park, Y.H.; Lee, J.D. Clinical
Characteristics of Amebic Colitis as Diagnosed by using Colonoscopic Findings. J. Korean Soc.
Coloproctol. 2006, 22, 357–362.

54. Bercu, T.E.; Petri, W.A.; Behm, J.W. Amebic colitis: New insights into pathogenesis and treatment.
Curr. Gastroenterol. Rep. 2007, 9, 429–433.

55. Patel, A.S.; DeRidder, P.H. Amebic colitis masquerading as acute inflammatory bowel disease:
The role of serology in its diagnosis. J. Clin. Gastroenterol. 1989, 11, 407–410.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 15/20

56. Petri, W.A., Jr.; Singh, U. Diagnosis and management of amebiasis. Clin. Infect. Dis. Off. Publ.
Infect. Dis. Soc. Am. 1999, 29, 1117–1125.

57. Turner, D.; Ricciuto, A.; Lewis, A.; D’Amico, F.; Dhaliwal, J.; Griffiths, A.M.; Bettenworth, D.;
Sandborn, W.J.; Sands, B.E.; Reinisch, W.; et al. STRIDE-II: An Update on the Selecting
Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) Initiative of the International
Organization for the Study of IBD (IOIBD): Determining Therapeutic Goals for Treat-to-Target
strategies in IBD. Gastroenterology 2021, 160, 1570–1583.

58. Abreu, M.T.; Harpaz, N. Diagnosis of colitis: Making the initial diagnosis. Clin. Gastroenterol.
Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc. 2007, 5, 295–301.

59. Leighton, J.A.; Shen, B.; Baron, T.H.; Adler, D.G.; Davila, R.; Egan, J.V.; Faigel, D.O.; Gan, S.I.;
Hirota, W.K.; Lichtenstein, D.; et al. ASGE guideline: Endoscopy in the diagnosis and treatment of
inflammatory bowel disease. Gastrointest. Endosc. 2006, 63, 558–565.

60. Hommes, D.W.; Van Deventer, S.J. Endoscopy in inflammatory bowel diseases. Gastroenterology
2004, 126, 1561–1573.

61. Eaden, J.A.; Mayberry, J.F. Guidelines for screening and surveillance of asymptomatic colorectal
cancer in patients with inflammatory bowel disease. Gut 2002, 51 (Suppl. 5), V10–V12.

62. Chutkan, R.K.; Scherl, E.; Waye, J.D. Colonoscopy in inflammatory bowel disease. Gastrointest.
Endosc. Clin. N. Am. 2002, 12, 463–483, viii.

63. Sandborn, W.J.; Tremaine, W.J.; Batts, K.P.; Pemberton, J.H.; Phillips, S.F. Pouchitis after ileal
pouch-anal anastomosis: A Pouchitis Disease Activity Index. Mayo Clin. Proc. 1994, 69, 409–415.

64. Carbonnel, F.; Lavergne, A.; Lemann, M.; Bitoun, A.; Valleur, P.; Hautefeuille, P.; Galian, A.;
Modigliani, R.; Rambaud, J.C. Colonoscopy of acute colitis. A safe and reliable tool for
assessment of severity. Dig. Dis. Sci. 1994, 39, 1550–1557.

65. Passos, M.A.T.; Chaves, F.C.; Chaves-Junior, N. The Importance of Colonoscopy in Inflammatory
Bowel Diseases. Arq. Bras. Cir. Dig. ABCD Braz. Arch. Dig. Surg. 2018, 31, e1374.

66. Jung, S.A. Differential diagnosis of inflammatory bowel disease: What is the role of colonoscopy?
Clin. Endosc. 2012, 45, 254–262.

67. Deutsch, D.E.; Olson, A.D. Colonoscopy or sigmoidoscopy as the initial evaluation of pediatric
patients with colitis: A survey of physician behavior and a cost analysis. J. Pediatr. Gastroenterol.
Nutr. 1997, 25, 26–31.

68. Tanaka, M.; Riddell, R.H.; Saito, H.; Soma, Y.; Hidaka, H.; Kudo, H. Morphologic criteria
applicable to biopsy specimens for effective distinction of inflammatory bowel disease from other
forms of colitis and of Crohn’s disease from ulcerative colitis. Scand. J. Gastroenterol. 1999, 34,
55–67.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 16/20

69. Colombel, J.F.; Rutgeerts, P.; Reinisch, W.; Esser, D.; Wang, Y.; Lang, Y.; Marano, C.W.; Strauss,
R.; Oddens, B.J.; Feagan, B.G.; et al. Early mucosal healing with infliximab is associated with
improved long-term clinical outcomes in ulcerative colitis. Gastroenterology 2011, 141, 1194–
1201.

70. Froslie, K.F.; Jahnsen, J.; Moum, B.A.; Vatn, M.H.; Group, I. Mucosal healing in inflammatory
bowel disease: Results from a Norwegian population-based cohort. Gastroenterology 2007, 133,
412–422.

71. Pineton de Chambrun, G.; Peyrin-Biroulet, L.; Lemann, M.; Colombel, J.F. Clinical implications of
mucosal healing for the management of IBD. Nat. Rev. Gastroenterol. Hepatol. 2010, 7, 15–29.

72. Lichtenstein, G.R.; Rutgeerts, P. Importance of mucosal healing in ulcerative colitis. Inflamm.
Bowel Dis. 2010, 16, 338–346.

73. Schroeder, K.W.; Tremaine, W.J.; Ilstrup, D.M. Coated oral 5-aminosalicylic acid therapy for mildly
to moderately active ulcerative colitis. A randomized study. N. Engl. J. Med. 1987, 317, 1625–
1629.

74. Travis, S.P.; Schnell, D.; Krzeski, P.; Abreu, M.T.; Altman, D.G.; Colombel, J.F.; Feagan, B.G.;
Hanauer, S.B.; Lemann, M.; Lichtenstein, G.R.; et al. Developing an instrument to assess the
endoscopic severity of ulcerative colitis: The Ulcerative Colitis Endoscopic Index of Severity
(UCEIS). Gut 2012, 61, 535–542.

75. Samuel, S.; Bruining, D.H.; Loftus, E.V., Jr.; Thia, K.T.; Schroeder, K.W.; Tremaine, W.J.; Faubion,
W.A.; Kane, S.V.; Pardi, D.S.; de Groen, P.C.; et al. Validation of the ulcerative colitis
colonoscopic index of severity and its correlation with disease activity measures. Clin.
Gastroenterol. Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc. 2013, 11, 49–54.e1.

76. Daperno, M.; D’Haens, G.; Van Assche, G.; Baert, F.; Bulois, P.; Maunoury, V.; Sostegni, R.;
Rocca, R.; Pera, A.; Gevers, A.; et al. Development and validation of a new, simplified endoscopic
activity score for Crohn’s disease: The SES-CD. Gastrointest. Endosc. 2004, 60, 505–512.

77. Lutgens, M.W.; van Oijen, M.G.; van der Heijden, G.J.; Vleggaar, F.P.; Siersema, P.D.; Oldenburg,
B. Declining risk of colorectal cancer in inflammatory bowel disease: An updated meta-analysis of
population-based cohort studies. Inflamm. Bowel Dis. 2013, 19, 789–799.

78. Jess, T.; Gamborg, M.; Matzen, P.; Munkholm, P.; Sorensen, T.I. Increased risk of intestinal
cancer in Crohn’s disease: A meta-analysis of population-based cohort studies. Am. J.
Gastroenterol. 2005, 100, 2724–2729.

79. Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.;
Baumgart, D.C.; Bettenworth, D.; Borralho Nunes, P.; et al. ECCO-ESGAR Guideline for
Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of known IBD, detection of
complications. J. Crohn’s Colitis 2019, 13, 144–164.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 17/20

80. Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, P.J.; Limdi, J.K.; Hayee, B.; Lomer,
M.C.E.; Parkes, G.C.; Selinger, C.; et al. British Society of Gastroenterology consensus guidelines
on the management of inflammatory bowel disease in adults. Gut 2019, 68, s1–s106.

81. Shah, S.C.; Itzkowitz, S.H. Colorectal Cancer in Inflammatory Bowel Disease: Mechanisms and
Management. Gastroenterology 2022, 162, 715–730.e3.

82. Bye, W.A.; Ma, C.; Nguyen, T.M.; Parker, C.E.; Jairath, V.; East, J.E. Strategies for Detecting
Colorectal Cancer in Patients with Inflammatory Bowel Disease: A Cochrane Systematic Review
and Meta-Analysis. Am. J. Gastroenterol. 2018, 113, 1801–1809.

83. Wijnands, A.M.; Mahmoud, R.; Lutgens, M.; Oldenburg, B. Surveillance and management of
colorectal dysplasia and cancer in inflammatory bowel disease: Current practice and future
perspectives. Eur. J. Intern. Med. 2021, 93, 35–41.

84. Na, S.Y.; Moon, W. Recent advances in surveillance colonoscopy for dysplasia in inflammatory
bowel disease. Clin. Endosc. 2022, 55, 726–735.

85. Moussata, D.; Allez, M.; Cazals-Hatem, D.; Treton, X.; Laharie, D.; Reimund, J.M.; Bertheau, P.;
Bourreille, A.; Lavergne-Slove, A.; Brixi, H.; et al. Are random biopsies still useful for the detection
of neoplasia in patients with IBD undergoing surveillance colonoscopy with chromoendoscopy?
Gut 2018, 67, 616–624.

86. Laine, L.; Kaltenbach, T.; Barkun, A.; McQuaid, K.R.; Subramanian, V.; Soetikno, R.; Panel,
S.G.D. SCENIC international consensus statement on surveillance and management of dysplasia
in inflammatory bowel disease. Gastroenterology 2015, 148, 639–651.e28.

87. Cosnes, J.; Cattan, S.; Blain, A.; Beaugerie, L.; Carbonnel, F.; Parc, R.; Gendre, J.P. Long-term
evolution of disease behavior of Crohn’s disease. Inflamm. Bowel Dis. 2002, 8, 244–250.

88. Paine, E.; Shen, B. Endoscopic therapy in inflammatory bowel diseases (with videos).
Gastrointest. Endosc. 2013, 78, 819–835.

89. Felley, C.; Vader, J.P.; Juillerat, P.; Pittet, V.; O’Morain, C.; Panis, Y.; Vucelic, B.; Gonvers, J.J.;
Mottet, C.; Froehlich, F.; et al. Appropriate therapy for fistulizing and fibrostenotic Crohn’s disease:
Results of a multidisciplinary expert panel—EPACT II. J. Crohn’s Colitis 2009, 3, 250–256.

90. Bettenworth, D.; Gustavsson, A.; Atreja, A.; Lopez, R.; Tysk, C.; Van Assche, G.; Rieder, F. A
Pooled Analysis of Efficacy, Safety, and Long-term Outcome of Endoscopic Balloon Dilation
Therapy for Patients with Stricturing Crohn’s Disease. Inflamm. Bowel Dis. 2017, 23, 133–142.

91. Gustavsson, A.; Magnuson, A.; Blomberg, B.; Andersson, M.; Halfvarson, J.; Tysk, C. Endoscopic
dilation is an efficacious and safe treatment of intestinal strictures in Crohn’s disease. Aliment.
Pharmacol. Ther. 2012, 36, 151–158.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 18/20

92. Ferlitsch, A.; Reinisch, W.; Puspok, A.; Dejaco, C.; Schillinger, M.; Schofl, R.; Potzi, R.; Gangl, A.;
Vogelsang, H. Safety and efficacy of endoscopic balloon dilation for treatment of Crohn’s disease
strictures. Endoscopy 2006, 38, 483–487.

93. Gumaste, V.; Sachar, D.B.; Greenstein, A.J. Benign and malignant colorectal strictures in
ulcerative colitis. Gut 1992, 33, 938–941.

94. Xi, Y.; Xu, P. Global colorectal cancer burden in 2020 and projections to 2040. Transl. Oncol.
2021, 14, 101174.

95. Wolf, A.M.D.; Fontham, E.T.H.; Church, T.R.; Flowers, C.R.; Guerra, C.E.; LaMonte, S.J.; Etzioni,
R.; McKenna, M.T.; Oeffinger, K.C.; Shih, Y.T.; et al. Colorectal cancer screening for average-risk
adults: 2018 guideline update from the American Cancer Society. CA Cancer J. Clin. 2018, 68,
250–281.

96. Rex, D.K.; Boland, C.R.; Dominitz, J.A.; Giardiello, F.M.; Johnson, D.A.; Kaltenbach, T.; Levin,
T.R.; Lieberman, D.; Robertson, D.J. Colorectal Cancer Screening: Recommendations for
Physicians and Patients From the U.S. Multi-Society Task Force on Colorectal Cancer.
Gastroenterology 2017, 153, 307–323.

97. Saftoiu, A.; Hassan, C.; Areia, M.; Bhutani, M.S.; Bisschops, R.; Bories, E.; Cazacu, I.M.; Dekker,
E.; Deprez, P.H.; Pereira, S.P.; et al. Role of gastrointestinal endoscopy in the screening of
digestive tract cancers in Europe: European Society of Gastrointestinal Endoscopy (ESGE)
Position Statement. Endoscopy 2020, 52, 293–304.

98. Atkin, W.S.; Edwards, R.; Kralj-Hans, I.; Wooldrage, K.; Hart, A.R.; Northover, J.M.; Parkin, D.M.;
Wardle, J.; Duffy, S.W.; Cuzick, J.; et al. Once-only flexible sigmoidoscopy screening in prevention
of colorectal cancer: A multicentre randomised controlled trial. Lancet 2010, 375, 1624–1633.

99. Schoen, R.E.; Pinsky, P.F.; Weissfeld, J.L.; Yokochi, L.A.; Church, T.; Laiyemo, A.O.; Bresalier, R.;
Andriole, G.L.; Buys, S.S.; Crawford, E.D.; et al. Colorectal-cancer incidence and mortality with
screening flexible sigmoidoscopy. N. Engl. J. Med. 2012, 366, 2345–2357.

100. Segnan, N.; Armaroli, P.; Bonelli, L.; Risio, M.; Sciallero, S.; Zappa, M.; Andreoni, B.; Arrigoni, A.;
Bisanti, L.; Casella, C.; et al. Once-only sigmoidoscopy in colorectal cancer screening: Follow-up
findings of the Italian Randomized Controlled Trial—SCORE. J. Natl. Cancer Inst. 2011, 103,
1310–1322.

101. Holme, O.; Loberg, M.; Kalager, M.; Bretthauer, M.; Hernan, M.A.; Aas, E.; Eide, T.J.; Skovlund,
E.; Schneede, J.; Tveit, K.M.; et al. Effect of flexible sigmoidoscopy screening on colorectal
cancer incidence and mortality: A randomized clinical trial. JAMA 2014, 312, 606–615.

102. Atkin, W.; Wooldrage, K.; Parkin, D.M.; Kralj-Hans, I.; MacRae, E.; Shah, U.; Duffy, S.; Cross, A.J.
Long term effects of once-only flexible sigmoidoscopy screening after 17 years of follow-up: The
UK Flexible Sigmoidoscopy Screening randomised controlled trial. Lancet 2017, 389, 1299–1311.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 19/20

103. Quintero, E.; Castells, A.; Bujanda, L.; Cubiella, J.; Salas, D.; Lanas, A.; Andreu, M.; Carballo, F.;
Morillas, J.D.; Hernandez, C.; et al. Colonoscopy versus fecal immunochemical testing in
colorectal-cancer screening. N. Engl. J. Med. 2012, 366, 697–706.

104. Bretthauer, M.; Kaminski, M.F.; Loberg, M.; Zauber, A.G.; Regula, J.; Kuipers, E.J.; Hernan, M.A.;
McFadden, E.; Sunde, A.; Kalager, M.; et al. Population-Based Colonoscopy Screening for
Colorectal Cancer: A Randomized Clinical Trial. JAMA Intern. Med. 2016, 176, 894–902.

105. Dominitz, J.A.; Robertson, D.J.; Ahnen, D.J.; Allison, J.E.; Antonelli, M.; Boardman, K.D.;
Ciarleglio, M.; Del Curto, B.J.; Huang, G.D.; Imperiale, T.F.; et al. Colonoscopy vs. Fecal
Immunochemical Test in Reducing Mortality From Colorectal Cancer (CONFIRM): Rationale for
Study Design. Am. J. Gastroenterol. 2017, 112, 1736–1746.

106. Nishihara, R.; Wu, K.; Lochhead, P.; Morikawa, T.; Liao, X.; Qian, Z.R.; Inamura, K.; Kim, S.A.;
Kuchiba, A.; Yamauchi, M.; et al. Long-term colorectal-cancer incidence and mortality after lower
endoscopy. N. Engl. J. Med. 2013, 369, 1095–1105.

107. Baxter, N.N.; Goldwasser, M.A.; Paszat, L.F.; Saskin, R.; Urbach, D.R.; Rabeneck, L. Association
of colonoscopy and death from colorectal cancer. Ann. Intern. Med. 2009, 150, 1–8.

108. Baxter, N.N.; Warren, J.L.; Barrett, M.J.; Stukel, T.A.; Doria-Rose, V.P. Association between
colonoscopy and colorectal cancer mortality in a US cohort according to site of cancer and
colonoscopist specialty. J. Clin. Oncol. 2012, 30, 2664–2669.

109. Kahi, C.J.; Pohl, H.; Myers, L.J.; Mobarek, D.; Robertson, D.J.; Imperiale, T.F. Colonoscopy and
Colorectal Cancer Mortality in the Veterans Affairs Health Care System: A Case-Control Study.
Ann. Intern. Med. 2018, 168, 481–488.

110. Zhang, J.; Chen, G.; Li, Z.; Zhang, P.; Li, X.; Gan, D.; Cao, X.; Du, H.; Zhang, J.; Zhang, L.; et al.
Colonoscopic screening is associated with reduced Colorectal Cancer incidence and mortality: A
systematic review and meta-analysis. J. Cancer 2020, 11, 5953–5970.

111. Kaminski, M.F.; Bretthauer, M.; Zauber, A.G.; Kuipers, E.J.; Adami, H.O.; van Ballegooijen, M.;
Regula, J.; van Leerdam, M.; Stefansson, T.; Pahlman, L.; et al. The NordICC Study: Rationale
and design of a randomized trial on colonoscopy screening for colorectal cancer. Endoscopy
2012, 44, 695–702.

112. Participants in the Paris Workshop. The Paris endoscopic classification of superficial neoplastic
lesions: Esophagus, stomach, and colon: November 30 to December 1, 2002. Gastrointest.
Endosc. 2003, 58, S3–S43.

113. Moss, A.; Bourke, M.J.; Williams, S.J.; Hourigan, L.F.; Brown, G.; Tam, W.; Singh, R.; Zanati, S.;
Chen, R.Y.; Byth, K. Endoscopic mucosal resection outcomes and prediction of submucosal
cancer from advanced colonic mucosal neoplasia. Gastroenterology 2011, 140, 1909–1918.



Colonoscopy in Intestinal Diseases | Encyclopedia.pub

https://encyclopedia.pub/entry/43073 20/20

114. Repici, A.; Pellicano, R.; Strangio, G.; Danese, S.; Fagoonee, S.; Malesci, A. Endoscopic mucosal
resection for early colorectal neoplasia: Pathologic basis, procedures, and outcomes. Dis. Colon
Rectum 2009, 52, 1502–1515.

115. Bergmann, U.; Beger, H.G. Endoscopic mucosal resection for advanced non-polypoid colorectal
adenoma and early stage carcinoma. Surg. Endosc. 2003, 17, 475–479.

116. Park, W.; Kim, B.; Park, S.J.; Cheon, J.H.; Kim, T.I.; Kim, W.H.; Hong, S.P. Conventional
endoscopic features are not sufficient to differentiate small, early colorectal cancer. World J.
Gastroenterol. 2014, 20, 6586–6593.

117. Kudo, S.; Tamura, S.; Nakajima, T.; Yamano, H.; Kusaka, H.; Watanabe, H. Diagnosis of
colorectal tumorous lesions by magnifying endoscopy. Gastrointest. Endosc. 1996, 44, 8–14.

118. Tanaka, S.; Sano, Y. Aim to unify the narrow band imaging (NBI) magnifying classification for
colorectal tumors: Current status in Japan from a summary of the consensus symposium in the
79th Annual Meeting of the Japan Gastroenterological Endoscopy Society. Dig. Endosc. Off. J.
Jpn. Gastroenterol. Endosc. Soc. 2011, 23 (Suppl. 1), 131–139.

119. Sano, Y.; Tanaka, S.; Kudo, S.E.; Saito, S.; Matsuda, T.; Wada, Y.; Fujii, T.; Ikematsu, H.; Uraoka,
T.; Kobayashi, N.; et al. Narrow-band imaging (NBI) magnifying endoscopic classification of
colorectal tumors proposed by the Japan NBI Expert Team. Dig. Endosc. Off. J. Jpn.
Gastroenterol. Endosc. Soc. 2016, 28, 526–533.

120. Landi, B.; Palazzo, L. The role of endosonography in submucosal tumours. Best Pract. Res. Clin.
Gastroenterol. 2009, 23, 679–701.

121. Akahoshi, K.; Oya, M.; Koga, T.; Shiratsuchi, Y. Current clinical management of gastrointestinal
stromal tumor. World J. Gastroenterol. 2018, 24, 2806–2817.

122. Hwang, J.H.; Saunders, M.D.; Rulyak, S.J.; Shaw, S.; Nietsch, H.; Kimmey, M.B. A prospective
study comparing endoscopy and EUS in the evaluation of GI subepithelial masses. Gastrointest.
Endosc. 2005, 62, 202–208.

123. Kim, T.O. Colorectal Subepithelial Lesions. Clin. Endosc. 2015, 48, 302–307.

124. Ponsaing, L.G.; Kiss, K.; Loft, A.; Jensen, L.I.; Hansen, M.B. Diagnostic procedures for
submucosal tumors in the gastrointestinal tract. World J. Gastroenterol. 2007, 13, 3301–3310.

125. Kwon, J.G.; Kim, E.Y.; Kim, Y.S.; Chun, J.W.; Chung, J.T.; You, S.S.; Ha, H.K.; Lee, C.H.; Kim,
H.G.; Cho, C.H. Accuracy of endoscopic ultrasonographic impression compared with pathologic
diagnosis in gastrointestinal submucosal tumors. Korean J. Gastroenterol. Taehan Sohwagi
Hakhoe Chi 2005, 45, 88–96.

Retrieved from https://www.encyclopedia.pub/entry/history/show/97359


