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Preface

The spectrum of inflammatory bowel disease (IBD) has expanded beyond Crohn’s disease and ulcerative colitis. In a
broad sense, the disease entity should also include various forms of IBD-like conditions, after the exclusion of chronic
inflammatory gastrointestinal disorders with identifiable etiologies. The list of differential diagnoses of IBD and IBD-
like conditions is extensive. Endoscopy with tissue biopsy plays the key role in the diagnosis, differential diagnosis,
disease monitoring, assessment of treatment response, and surveillance for dysplasia. Endoscopy provides accurate char-
acterization of a variety of pathologies, ranging from mucosal inflammation, ulceration, strictures to polypoid lesions or
masses. The main differential diagnoses of IBD in the industrialized country are nonsteroidal antiinflammatory
drug—induced bowel injury, autoimmune-associated enterocolitis, and ischemic colitis. Worldwide, the list can extend
to intestinal tuberculosis, chronic infectious enterocolitis, gastrointestinal lymphoma, and Behcet’s syndrome. The past
two decades have witnessed rapid advances in endoscopy and imaging technologies. While high-definition endoscopy
has become a standard diagnostic modality, image-enhanced endoscopy is emerging as a valuable tool to further depict
features of the mucosa and even submucosal vasculature. The detailed characterization of the mucosal features has
made the grading and classification of inflammation, stricture, postoperative disease recurrence, and colitis-associated
neoplasia possible. The histopathological and macroscopic examination also plays an important role in the diagnosis
and differential diagnosis. The Editor is a strong advocate for teaching and training of gastrointestinal pathology, radiol-
ogy, and surgery among endoscopists and IBD clinicians.

After a 20-year tenure at Cleveland Clinic, the Editor relocated his practice to another great institution, Columbia
University Irving Medical Center—New York Presbyterian Hospital at the end of 2019. The collaboration among IBD
clinicians, general gastroenterologists, pediatric gastroenterologists, colorectal surgeons, gastrointestinal pathologists,
gastrointestinal radiologists, and other specialists has created the backbone for the IBD Centers in these two great insti-
tutions. The Editor feels so fortunate to have close interactions with wonderful colleagues. And above all, we have pro-
vided the best possible care for our patients. Most endoscopy images in this book are from the Editor’s collection.
Additional images are provided by a panel of national and international experts.

The Editor is grateful to the panel of national and international experts for their contribution to the book. The Editor
is also deeply thankful to Mr. and Mrs. Story, Mr. and Mrs. Quint, Mr. and Mrs. Jarislowsky, Mr. and Mrs. Donaghy,
Mr. Klise, Mr. Horing, Mr. and Mrs. Stuckey, and Mr. Spero and many other philanthropists for their generous support,
and Mr. Joe Pangrace of Cleveland Clinic for his outstanding artwork. The Editor would like to pay special gratitude to
Prof. Xian-Yong Meng, MD and Prof. Victor W. Fazio, MD, for mentoring, guidance, and being a role model. The
Editor is also thankful for the grant support from National Institutes of Health, American Gastroenterological
Association, American Society for Gastrointestinal Endoscopy, American College of Gastroenterology, American
Society of Colorectal Surgery, Crohn’s and Colitis Foundation, Broad Foundation, Columbia University, and Cleveland
Clinic. Finally, the Editor deeply appreciates the help and support from our publisher Ms. Stacy Masucci and managing
editors Ms. Charlotte Kent and Mr. Sreejith Viswanathan from Elsevier

I hope that our readers will enjoy the book and provide feedback for our future edition.

Bo Shen

Center for Inflammatory Bowel Disease, Columbia University Irving Medical Center-New York Prebyterian Hospital, New York, NY, United States
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Abbreviations

AS ankylosing spondylitis

CD Crohn’s disease

EIM extraintestinal manifestations
GI gastrointestinal

IBD inflammatory bowel disease
IBD-V inflammatory bowel disease variant
IC indeterminate colitis

PG pyoderma gangrenosum
TNF tumor necrosis factor

UC ulcerative colitis
Introduction

Generally speaking, inflammatory bowel disease (IBD) consists of two classic forms: Crohn’s disease (CD) and ulcera-
tive colitis (UC). CD and UC present with distinctive clinicopathological features. The diagnosis of IBD is made based
on a combined assessment of clinical, endoscopic, imaging, and histologic features. Classic CD is characterized by the
presence of transmural, granulomatous, skip lesions at any part of gastrointestinal (GI) tract, whereas classic UC is fea-
tured with diffuse mucosal inflammation starting from the rectum.

Spectrum of inflammatory bowel disease and classification

The scope of IBD is beyond the two classic disease entities. In fact, IBD represents a disease spectrum with ranging
and overlapping, in etiology, pathogenesis, clinical phenotype, disease course, and prognosis. Even between CD and
UC, there is a histopathologically defined disease category of indeterminate colitis (IC) or IBD-unclassified. A spectrum
of disease phenotypes of IBD exists according to the location, ranged from ulcerative proctitis to Crohn’s ileocolitis
(Fig. 1.1).

In a broader sense, microscopic colitis, consisting of lymphocytic colitis and collagenous colitis, has been consid-
ered as variants of IBD. In addition, patients with IBD may have concurrent extraintestinal manifestations (EIM),

Atlas of Endoscopy Imaging in Inflammatory Bowel Disease. DOI: https://doi.org/10.1016/B978-0-12-814811-2.00001-3
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2 Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

involving joints [such as ankylosing spondylitis (AS)], liver (such as primary sclerosing cholangitis [PSC]), skin [such
as pyoderma gangrenosum (PG)], eyes (such as uveitis), and other organs. On the other hand, the immune-mediated dis-
orders, other than IBD, can also affect the gut. Autoimmune (such as autoimmune hepatitis, Hashimoto thyroiditis) and
autoinflammatory diseases (such as Blau syndrome) can occur concomitantly with IBD. To confuse the picture even
further, chronic infectious diseases of the gut, such as intestinal tuberculosis (ITB) and chronic Salmonella enteritis can
mimic CD (Fig. 1.2). There is a spectrum of disease phenotypes based on the depth of the involved gut (Fig. 1.3).

Disease initiation and progression of IBD are complex. The current theory holds that IBD results from abnormal
interactions of environmental and microbiological factors and immune systems in genetically susceptible hosts.
Microbiota, host immune system, and genetic factors play key roles in the pathogenesis of IBD. However, the degree of
contribution and interactions of these factors results in a wide spectrum of disease phenotypes in patients at different
age of onset and different stage of the disease and different ethnic groups. For example, some adult-onset CD may be
considered as a polygenetic disorder [1], while infant-onset CD may be a monogenic disorder [2,3]. In addition, the
presence of IBD simply reflects an epiphenomenon of the involvement of one organ by immune-mediated systematic
diseases.

uc uc UC pancolitis/ Crohn’s  Crohn’s  Crohn’s
proctitis pancolitis backwash ileitis colitis ileocolitis ileitis
FIGURE 1.1 Range of “classic” IBD from the rectum to the distal ileum. /BD, Inflammatory bowel disease. Modified from Chang S, Shen B.
Classification and reclassification of inflammatory bowel diseases: from clinical perspective. In: Shen B, editor. Interventional inflammatory bowel:
endoscopic management of complications. Cambridge, MA: Elsevier; 2018. p. 17—34.

Lymphocytic FIGURE 1.2 Range of overlap syndrome from isolated gut dis-
colitis ; lB? +t' | Autoimmune order to multiorgan involvement of immune-mediated disorders.
Coll uc ex re.un es .Ina disorders CD, Crohn’s disease; IBD, inflammatory bowel disease; ITB,

ollagenous manifestations . . . . o e
colitis intestinal tuberculosis; UC, ulcerative colitis. Modified from

Chang S, Shen B. Classification and reclassification of inflamma-
tory bowel diseases: from clinical perspective. In: Shen B, editor.
Interventional inflammatory bowel: endoscopic management of

d?see“::e CD Autoipflammatory ] complications. Cambridge, MA: Elsevier; 2018. p. 17—34.
Idiopathic ITB disorders Systemic overlap
colon/small Behcet's syndrome
bowel
ulcer/stricture
syndrome

. ) . . FIGURE 1.3 Depth of inflammation in various forms of
. ACellac Lymphocytic Collagenous Autoimmune immune-mediated chronic inflammatory bowel disease. Modified

disease colitis colitis enteropathy from Chang S, Shen B. Classification and reclassification of
Ulcerative Autoinflammatory  inflammatory bowel diseases: from clinical perspective. In: Shen
colitis disorders B, editor. Interventional inflammatory bowel: endoscopic man-
agement of complications. Cambridge, MA: Elsevier; 2018. p.
diopathic 17-34.

colon/small

bowel ulcer
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| , .
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There are several classification systems for IBD, including molecular [4] and genetic [5]. However, the most commonly
used instrument in clinical practice and clinical trials has been the Montreal classification (Tables 1.1 and 1.2) [6], with
modifications, such as the one with further elaboration of age at onset [7]. This author believes that the current classification

TABLE 1.1 The Montreal classification of ulcerative colitis (UC) [6].

Montreal
classification

Definition

Disease extent

Ulcerative E1 Only involves rectum
proctitis
Left sided UC E2 Extending to the splenic flexure
Extensive UC E3 Extending proximal to the splenic flexure
Disease severity
Clinical SO Asymptomatic
remission
Mild S1 =4 Stools per day (with or without blood), absence of systemic disease, normal
inflammatory markers (ESR)
Moderate S2 >4 Stools per day, but with minimal signs of systemic toxicity
Severe S3 = 6 Bloody stools daily, pulse rate =90 beats/min, temperature >37.5°C,

hemoglobin < 10.5 g/dL, and ESR =30 mm/h

ESR, Erythrocyte sedimentation rate.

TABLE 1.2 The Montreal classification of Crohn’s disease [6].

Montreal classification
Age at diagnosis
<16 years Al
17—40 years A2
>40 years A3
Disease location
Ileal disease L1
Colonic disease L2
lleocolonic disease L3
Upper isolated gastrointestinal disease L4
Disease behavior
Nonstricturing and nonpenetrating B1
Stricturing B2
Penetrating B3
Perianal disease P
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systems do not reflect the complexity of the scope of IBD and IBD represents various etiopathogenesis pathways and
phenotypes in a wide disease spectrum.

IBD is often associated with EIM. In addition, IBD can coexist with autoimmune or autoinflammatory disorders.
From historical perspective, it is not clear why certain disease entities, such as rheumatoid arthritis and psoriasis in
patients with IBD, have been considered as concurrent autoimmune disorders, while AS and PG are considered as EIM
of IBD. The spectrum of immune-mediated disorders of the gut is also beyond CD, UC, and microscopic colitis.

Immune-mediated GI disorders represent a wide spectrum of phenotypes with histopathological characteristics, rang-
ing from classic mucosal disease (such as lymphocytic colitis, collagenous colitis, and celiac disease), “pseudo” trans-
mural disorders (such as IC) to true transmural disease (such as CD). The disease process of transmural disease can be
the extrinsic or “outside-in,” from the mucosa to deeper layers of the bowel wall, in which dysbiosis can be a triggering
factor. In contrast the “inside-out” theory or the intrinsic pathway of IBD implies that the disease process starts from
the mesentery or deep bowel wall to the mucosa, which may play an important role in the development of intrinsic
IBD. In clinical practice, we have encountered patients with extensive enteroenteric fistulae wrapped with a thick mes-
entery but with minimum mucosal inflammation. In fact the diseased mesentery has been considered as a key factor for
the disease process and progression of CD before and after surgery [8,9].

IBD has been traditionally considered as disease entities with unclear etiology or being idiopathic. However, there
are secondary forms of IBD, with clearly identified etiological or triggering factors, such as infection, medications, and
bowel surgery. For example, immunosuppressive medications used to treat autoimmune disorders can paradoxically
trigger autoimmune conditions. Anti—tumor necrosis factor (TNF) « inhibitors are agents for the treatment of IBD and
its EIMs. Interestingly, anti-TNF agents can cause drug-induced lupus [10], psoriasis [11], and multiple sclerosis [12].
The classic examples of drug-induced IBD or IBD-like conditions are mycophenolate mofetil [13], tacrolimus [14],
Secukinumab (anti-IL-17A for treatment of psoriasis) [15], and checkpoint inhibitors (agents for the treatment of malig-
nancies) [16].

Stem cell transplantations have been shown to be beneficial in IBD [17,18], presumably by resetting the immune
thermostat. On the other hand, stem cell or organ transplantations can result in “IBD-like” conditions, which are exem-
plified by cord colitis syndrome [19]. De novo IBD occasionally occurs after solid organ transplantation [20—22].

De novo IBD can also be triggered by other abdominal surgeries, such as post—colectomy enteritis syndrome char-
acterized by diffuse chronic active enteritis is triggered by colectomy for UC [23,24], CD-like bariatric surgery (Roux-
en-Y gastric bypass) [25,26]. De novo CD may develop after restorative proctocolectomy with IPAA for the initial
diagnosis of UC. It is estimated that 2.7%—13% after colectomy for UC or IC may develop de novo CD anytime from
weeks to years after ileal pouch-anal anastomosis [27].

We have proposed a new classification to cover the wide spectrum of broad-sense IBD [28]. The disease spectrum
is ideally classified based on known etiology, characteristic pathological features, or clinical phenotypes. However, it
has been difficult to classify immune-mediated disorders, due to the complexity of disease process and interplay of
genetic, environmental, microbiological, immunological, and vascular factors, at different age and different stages of
diseases. In addition to the traditional classifications based on age at onset, disease location, extent, and phenotype, we
proposed to classify a spectrum of IBD, based on disease location and the degree of shared etiopathogenetic pathways,
causative factors, and disease processes. We speculate that genetic, environmental, immunological, and vascular factors
play varied roles in the pathogenesis of infant- or very early—onset IBD versus early-onset versus elderly-onset IBD
(Fig. 1.4). We propose to categorize classic IBD (UC and CD) and IBD variants (IBD-V), based on the degree of extra-
intestinal organ involvement and pathogenetic pathways. We further divide IBD-V into IBD" (IBD with classic EIM,
e.g., IBD with PG); IBD™ (IBD with concurrent autoimmune or autoinflammatory disorders, with or without classic
EIM, e.g., classic IBD with AS and psoriasis); and IBD ™, which shares clinical and histopathological features, and pos-
sible pathways with IBD, IBD", or IBD"*. The examples are microscopic colitis and autoimmune enteropathy
(Fig. 1.5; Table 1.3).

In order to fit the diagnosis of IBD and IBD-V, at least two of the following histopathological criteria should be
met: (1) infiltration of mononuclear cells in the lamina propria or epithelium; (2) crypt distortion; (3) basal lymphoplas-
macytosis; (4) Paneth cell and/or pyloric gland metaplasia; and (5) mucin depletion or increase crypt apoptosis.
Additional features, such as noncaseating granuloma, neuronal hyperplasia, and transmural infiltration of lymphocytes
or microabscess, further support the diagnosis of IBD and IBD-V. Some degree of tissue eosinophilia, lymphangitis,
and vasculopathy may be present in IBD and IBD-V.

We also propose the concept of secondary IBD, which differs from classic primary or idiopathic IBD. In secondary
IBD, a triggering factor is readily identified (such as medications, surgery, or stem cell or organ transplantation).
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FIGURE 1.4 The three-peak incidences of IBD and relative contribu-
tion of etiopathogenic factors. IBD, Inflammatory bowel disease.
Modified from Chang S, Shen B. Classification and reclassification of
inflammatory bowel diseases: from clinical perspective. In: Shen B,
editor. Interventional inflammatory bowel: endoscopic management of
complications. Cambridge, MA: Elsevier; 2018. p. 17—34.

FIGURE 1.5 Range and overlaps of IBD and IBD-like conditions. /BD, Inflammatory bowel disease. Modified Chang S, Shen B. Classification and
reclassification of inflammatory bowel diseases: from clinical perspective. In: Shen B, editor. Interventional inflammatory bowel: endoscopic manage-
ment of complications. Cambridge, MA: Elsevier; 2018. p. 17—34.

TABLE 1.3 Proposed classification of inflammatory bowel diseases [28].

Criteria Class Description Examples

Disease Ulcerative colitis Classic UC

location, extent, T ;

and depth, = Crohn’s disease Classic CD

granulomas Indeterminate colitis

Age of onset Very early onset Age 0 IL-10/IL-10 R mutations

Early onset

Age 0—10 years

Age 10—17 years

Regular onset

Age 17—40 years

Late onset

Age > 50 years

Phenotype

Inflammatory

Inflammatory CD; classic UC

Stricturing

Stricturing CD; UC with strictures

Penetrating

Fistulizing CD

(Continued)
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TABLE 1.3 (Continued)

Criteria

Class

Description

Examples

Locations

Oral

Upper Gl

Jejunum

Ileum

Colon

Rectum

Perianal

Extraintestinal

Metastatic CD of the skin, lung, liver

Concurrent or IBD Isolated UC or CD of the gut
immune- = - B - ) ) -
mediated IBD-V IBD IBD + classic extraintestinal manifestations UC with concurrent PSC
disorders IBD** IBD + autoimmune and/or autoinflammatory IBD with concurrent microscopic colitis,
disorders = classic extraintestinal celiac disease, hidradenitis suppurativa
manifestations
IBD Diseases sharing clinical features and Lymphocytic colitis, collagenous colitis;
possible etiopathogenetic pathways with Behcet disease, cryptogenic multifocal
classic IBD = classic extraintestinal ulcerous stenosing enteritis, ulcerative
manifestations of IBD, autoimmune disorders jejunitis
or autoinflammatory disorders
Etiology of IBD Primary or Monogenic IL-10, IL-TO0Ra, IL-10Rb mutations
idiopathic
P Very early onset IBD
Polygenic Classic UC; classic CD
Secondar Identifiable pathogens Mpycobacterial paratuberculosis
)4 [alineygy 4 p
Medication-induced Mycophenolate-associated colitis;
Ipilimumab-associated colitis
Organ transplantation-induced Post—solid organ transplant IBD-like
conditions, cord colitis syndrome;
Surgery-induced Pouchitis, Crohn’s disease-like
conditions of the pouch, post—colectomy
enteritis, bariatric surgery-associated IBD
Genetic etiology Monogenic IL-10/IL-TOR mutations, Familial
Mediterranean fever
Polygenic Classic CD and classic UC
Disease spread Intrinsic (“inside- Starting from the lymphatic system or Subset of obese CD patients; subset of
process out”) mesentery, spreading to gut mucosa sclerosing mesenteritis or lymphangitis
Extrinsic External trigger (e.g., bacteria) leading to Fulminant UC: from mucosal disease to
(“outside-in”) mucosal inflammation transmural inflammation

CD, Crohn's disease; Gl, gastrointestinal; /BD, inflammatory bowel disease; /BD-V, IBD-variant; PSC, primary sclerosing cholangitis; UC, ulcerative colitis.

Finally, IBD is classified into extrinsic versus intrinsic IBD, corresponding to the “outside-in” versus “inside-out” the-
ory of disease mechanisms.

We recommend that our clinician readers think outside the box in clinical practice and realize the complexity of
IBD. IBD represents a wide disease spectrum. Solid knowledge in etiology, pathogenesis, clinical presentations, and
morphological feature in IBD is critical for clinicians to make correct diagnosis and differential diagnosis and delivery
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of proper therapy. Among them, accurate recognition of endoscopic features of various forms of IBD and IBD-like
conditions is imperative. This is the main purpose of this book.

Diagnosis and differential diagnosis

Differential diagnosis of IBD should include infectious GI diseases, immune-mediated GI diseases, vascular disea-
se—associated, medicine-associated GI disorders, organ transplant—associated IBD-like conditions, and GI malignancy.
The endoscopic features of those IBD-like conditions or disorders are described in the following chapters of the book.
In addition, histologic features of classic IBD and IBD-like conditions are detailed in the chapters of the book.

Summary and recommendations

In a broad sense, IBD represents a wide disease spectrum, with ranging etiopathogenic pathways, clinical phenotypes,
and disease course. A comprehensive classification of IBD has been proposed. On the other hand, various infectious,
autoimmune, autoinflammatory, drug-induced, and malignant disorders affect the GI tract, with similar clinical and
radiographic presentations. Endoscopic and histologic evaluation plays a key role in the diagnosis and differential
diagnosis.
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CAN colitis-associated neoplasia

CD Crohn’s disease

EGD esophagogastroduodenoscopy

EUS endoscopic ultrasound

IBD inflammatory bowel disease

GI gastrointestinal

ICV ileocecal valve

PSC primary sclerosing cholangitis

ucC ulcerative colitis

VCE video capsule endoscopy

Introduction

Endoscopy with histology plays a major role in the diagnosis, disease monitoring, assessment of treatment response,
and neoplasia surveillance in inflammatory bowel disease (IBD). Fortunately, any part of diseased gastrointestinal (GI)
tract is accessible to various modalities of endoscopy. In addition, various therapeutic modalities can be delivered
through the endoscopy. Colonoscopy with ileoscopy and esophagogastroduodenoscopy (EGD) are the two most com-
monly used diagnostic tools in IBD, along with capsule endoscopy, enteroscopy, and pouchoscopy. Endoscopy is accu-
rate in grading the degree of mucosal inflammation, which has been considered the gold standard for the quantification
of the severity of mucosal inflammation in IBD. Certain endoscopic features, such as the distribution of inflammation
and characteristics of ulcer, may help differential diagnosis between different phenotypes of IBD and between IBD and
non-IBD conditions.

Setup for inflammatory bowel disease endoscopy

Patients with IBD often have active disease, concurrent use of corticosteroids and other immunosuppressive medica-
tions, or altered bowel anatomy due to surgery. Endoscopy plays both diagnostic and therapeutic roles. It is recom-
mended that preprocedure abdominal imaging is obtained to delineate intra- and extraluminal anatomy. Prior to
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endoscopy, we should avoid medicines that may cause bowel inflammation, including sodium phosphate—based bowel
preparation and nonsteroidal antiinflammatory drugs. If patients are undergoing endoscopy and simultaneously taking
those medications, the information should be documented in the endoscopy report and submission script to pathology.
Insufflation of carbon dioxide, rather than room air, is also strongly recommended in endoscopy for patients with IBD.
Although there is no published consensus on antibiotic prophylaxis in IBD endoscopy, this author recommends antibi-
otic use during therapeutic endoscopies, such as balloon dilation and endoscopic stricturotomy, or endoscopy in patients
with a diverted colon or diverted pouch.

Principles

Colonoscopy with ileoscopy or ileocolonoscopy is considered a standard practice in the evaluation of IBD, as a majority
of patients with Crohn’s disease (CD) have disease in the distal or terminal ileum, that is, L1 or L3 in the Montreal clas-
sification [1], and all patients with ulcerative colitis (UC) have diseased bowel, including backwash ileitis, within the
reach. For the diagnosis and differential diagnosis of IBD, the value of ileocolonoscopy is beyond quantification of
severity and distribution of the bowel inflammation. Description of mucosal inflammation should include a spectrum of
features ranging from edema, erythema, exudates, and erosions to friability, ulcers, and spontaneous bleeding. In addi-
tion, location and length of bowel involved and number, size, shape, and depth of ulcers should also be documented.
Furthermore, abnormalities resulting from chronic inflammatory injury should be evaluated and documented, including
stricture, fistula, polyps, mucosal scars or bridges, and stiffness or distensibility of bowel (Fig. 2.1). Finally, surgically
altered bowel in IBD with or without active disease, such as ileostomy, ileal pouch, stricturoplasty, and ileocolonic
anastomosis, should be reported in endoscopy.

UC is characterized by the presence of diffuse inflammation of the rectum and above, while CD (L2 or L3) is fea-
tured with a segmental disease with sparing of the rectum (Fig. 2.2). Mucosal patterns of the terminal ileum and proxi-
mal colon along with features of the ileocecal valve (ICV) and histology may help distinguishing CD from UC with
backwash ileitis. Endoscopic characteristics favoring the diagnosis of CD ileitis include discrete ulcers and strictures of
the terminal ileum or ICV. In contrast, diffuse colitis and ileitis with the continuous pattern across a widely patent ICV
are the features of UC with backwash ileitis, which is common in patients with concurrent primary sclerosing cholangi-
tis (PSC) (Fig. 2.3).

Conventional white-light colonoscopy and image-enhanced endoscopy, such as chromoendoscopy [2], are the stan-
dard care for surveillance of colitis-associated neoplasia (CAN). Adequate control of inflammation and bowel prepara-
tion are prerequisites for accurate detection of CAN.

Techniques of tissue biopsy

Endoscopic features of IBD and non-IBD colitides, such as infectious colitis, drug-induced colitis, ischemic colitis, and
radiation colitis, overlap. Endoscopy alone provides only a limited value in distinction among those colitides. In con-
trast, tissue biopsy is critical for the diagnosis and differential diagnosis of CD and UC and other colitides. In addition,
the importance of the index colonoscopy is never overemphasized in the evaluation of IBD. For example, one distinc-
tive feature for the differential diagnosis between UC and Crohn’s colitis is the distribution of disease (continuous pat-
tern vs segmental disease with rectal sparing) (Fig. 2.2) before the initiation of medical therapy. At ileocolonoscopy for
the evaluation of IBD or IBD-like conditions, at least four topographic locations should be biopsied, including the ter-
minal ileum, right colon, left colon, and rectum and separately labeled (Fig. 2.4).

FIGURE 2.1 Description in IBD endoscopy is
beyond the quantification of mucosal inflammation. It
should also include other features. (A) Mucosal
inflammation along with “lead piping” (or loss of
haustra) of the lumen of the colon, from long-term
refractory ulcerative colitis and (B) the same patient
also had a stiff rectum with reduced distensibility.
Those features are associated with poor outcomes of
the disease. /BD, Inflammatory bowel disease.
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FIGURE 2.2 Distribution of mucosal inflammation
in ulcerative colitis and Crohn’s disease. Diffuse coli-
tis with erythema, exudates, and friability in the colon
(A) and rectum (B) in ulcerative colitis. Diffuse coli-
tis with erythema, erosions, and exudates in the colon
(C) with sparing of the rectum (D) in Crohn’s colitis.

FIGURE 2.3 Distribution of ileitis in ulcerative coli-
tis and Crohn’s disease. Diffuse colitis with granular,
flat mucosa, and loss of vascularity in the terminal
ileum (i.e., backwash ileitis) (A) and widely patent or
“fish mouth”—shaped configuration of the ileocecal
valve (B) in ulcerative colitis. Linear ulcers and
mucosal edema of the terminal ileum (C) and ulcer-
ated, strictured, and deformed ileocecal valve (D) in
Crohn’s disease.

The endoscopist should exert extreme caution when patients have deep ulcers in the bowel or severe bowel inflam-
mation resulting from IBD or IBD conditions, as the risk of bleeding and perforation is high. The endoscopist should
minimize air insufflation and avoid the biopsy of the ulcer base.

The endoscopist should be familiar with the orientation of bowel anatomy, which is particularly important for tissue
biopsy and endoscopic therapy during distal bowel endoscopy (Fig. 2.5). Location of biopsy at endoscopy is determined
by various factors, including the purpose and pretest probabilities. For example, the accurate location of biopsy for rec-
tal prolapse is the anterior wall of the distal rectum (Fig. 2.6), and biopsy for the evaluation of IBD should be in the lat-
eral or posterior wall of the rectum. The cellularity and its pattern of colon epithelia and lamina propria in the healthy
or diseased are different. For example, the number of lymphocytes in the epithelia and mononuclear cell infiltration in
the right colon are greater than that in the left colon (Fig. 2.7). Paneth cell metaplasia has been considered a marker for
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FIGURE 2.4 The topographic
location of tissue biopsy in colo-
noscopy. For the diagnosis and dif-
ferential diagnosis of inflammatory
bowel disease, at least four seg-
ments of the lower GI tract during
colonoscopy, particularly index
colonoscopy, that is, terminal
ileum, right colon, left colon, and
rectum  (blue  arrows). Gl,
Gastrointestinal.

FIGURE 2.5 The orientation of distal colon/
rectum on colonoscopy when the patient is on
a left lateral decubitus position. (A) Artist’s
sketch of the location of the bowel, presacral
abscess or sinus, and vagina. The anterior
wall of the rectum is at right lower quadrant,
and posterior wall is at the left upper quad-
rant. (B) MRI of pelvis showed the location
of the vagina at 4—5 o’clock (green arrow)
and presacral sinus at 10—11 o’clock (yellow
arrow). Reproduced with permission from
Shen B. Interventional Inflammatory Bowel
Disease. Elsevier 2018.

Presacral sinus/abscess

Presacral Sinus/
Abscess

Posterior
wall of
rectum

Anterior
wall of
rectum,

Vagina

FIGURE 2.6 Biopsy of the rectum. (A) The anterior
wall of the rectum is at 4—5 o’clock when the patient
is on left lateral decubitus position, highlighted by
green dot lines. Isolated inflammation in the area is
more common in rectal prolapse, rectocele, and topi-
cal radiation injury for prostate cancer, and rare in
Crohn’s disease or ulcerative colitis. (B) Biopsy in
the area was not for ruling out inflammatory bowel
disease but for the evaluation of prolapse (this patient
had a symptom of dyschezia and was labeled having
ulcerative colitis).
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FIGURE 2.7 Different cellularity
in the right and left colon in
healthy individuals. Right colon
biopsy (A) reveals slightly more
mononuclear inflammatory cells in
the lamina propria and a few more
surface intraepithelial lymphocytes
than the left colon (B). Therefore
biopsy specimens from the right
and left colon should be placed in
separate jars. Courtesy Xiuli Liu,
MD, PhD.

FIGURE 2.8 Paneth cell metaplasia of colon in inflammation bowel disease. Paneth cells are epithelial cells of the small intestine, which are charac-
terized by the intracellular eosinophilic granules. The presence of Paneth cell metaplasia in the colon (A and B) is indicative of chronic mucosal injury
from inflammatory bowel disease and other chronic colitides. However, few Paneth cells may be present in the right colon in healthy individuals.
Their presence in the left colon or rectum is always abnormal.

FIGURE 2.9 Tissue biopsy in patients with surgery.
(A) Staple line (green arrow) in an ileal pouch and
(B) avoidance of biopsy at the staple line.

chronic mucosal injury, which is occasionally present in UC or Crohn’s colitis. However, Paneth cell metaplasia in the
right colon can be “physiological,” and its presence in the left colon or rectum is always abnormal (Fig. 2.8). Therefore
the biopsy specimens from the right and left colon should be separately labeled and submitted.

A higher yield can be obtained by biopsy from the ulcer base, rather than from the edge of the ulcer, for the identifi-
cation of cytomegalovirus colitis. However, the risk of bleeding would be higher. Biopsy of the suture line or staple
line in patients with bowel surgery should be avoided to minimize the confusion of foreign body—associated granuloma
versus true disease—associated (e.g., CD or tuberculosis) granulomas (Fig. 2.9). A higher detection rate of granulomas
may be achieved on biopsy from the edge of the ulcer [3]. Disease extent on endoscopy and histology in IBD does not
entirely overlap. In fact, colonoscopy may underestimate the extent of disease as compared to histology. Therefore an
accurate estimation of the extent of colitis should be based on histology rather than colonoscopy. In addition, endoscop-
ically normal-appearing mucosa in patients with chronic diarrhea should also be biopsied to rule out microscopic
colitis.
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FIGURE 2.10 Bowel lesion prone to bleed-
ing during endoscopy and biopsy. (A) Rectal
varices; (B) cecal varices; (C) rectal cuff vari-
ces in the ileal pouch, from underlying pri-
mary sclerosing cholangitis and ulcerative
colitis; (D) Bleeding of the ileum even from a
gentle biopsy in a patient small bowel trans-
plant for Crohn’s disease.

FIGURE 2.11 Biopsy forceps used in endoscopy in inflammatory bowel disease. Superficial biopsy with nonspiked forceps with shallow caps (blue,
right) is used in those diseases or lesions prone to bleeding, such as portal hypertension and small bowel transplantation. Deep biopsy with spiked for-
ceps with longer cups (orange, left) is used for the evaluation of strictures and cancer surveillance.

Systemic evaluation prior to endoscopy is important for the achievement of accurate diagnosis and minimization of
procedure-associated adverse events. For example, IBD patients with concurrent PSC or portal hypertension or throm-
bocytopenia carry a higher risk for endoscopy (especially tissue biopsy)—associated bleeding (Fig. 2.10). Patients with
CD who underwent small bowel transplantation are prone to biopsy-associated bleeding (Fig. 2.10). Therefore superfi-
cial biopsy with small forceps should be taken from nonvessel-rich area. In contrast, deep biopsy, even tunnel biopsy,
may be taken in IBD patients who are at risk for the development of laterally spreading neoplasia, such as area with
CAN undergoing endoscopic ablation (Fig. 2.11).

Special endoscopy

At upper and lower endoscopies the endoscopist should also pay attention to the anal and perianal area and oral cavities,
which is particularly important in the evaluation of CD. The endoscopist should also evaluate the peristomal area in
patients with ostomies during ileoscopy or colonoscopy via stoma (Fig. 2.12).



Setup and principle of endoscopy in inflammatory bowel disease Chapter | 2 15

FIGURE 2.12 A bonus of endos-
copy in inflammatory bowel dis-
ease. Oral (A and B), perianal (C),
and peristome lesions (D) are eval-
vated during upper and lower
endoscopy, and ileoscopy via a
stoma. Photo documentation of the
area and lesions, if present, is
recommended for all patients
undergoing endoscopy.

‘\.;g_- -

Flexible sigmoidoscopy is mainly indicated for disease monitoring, particularly the assessment of treatment response
and exclusion of cytomegalovirus infection, in patients with UC.

EGD and push enteroscopy are the main tools for the evaluation of upper GI involvement of CD. In patients with
indeterminate colitis an identification of the upper GI tract involvement helps establish a diagnosis of CD. However,
patients with UC may also have upper GI inflammation, such as duodenitis [4]. Other applications of EGD and push
enteroscopy with small bowel biopsy in IBD patients include the evaluation of celiac disease [5,6], eosinophilic enteritis
[7], and common variable immune deficiency [8].

Ileoscopy via stoma [9,10] and pouchoscopy [11] are routinely used in patients with CD or UC who have ileos-
tomies or ileal pouches for the diagnosis, differential diagnosis, monitoring of postoperative complication and disease
recurrence, and delivery of therapy.

Proctoscopy, flexible sigmoidoscopy, pouchoscopy, or colonoscopy in the diverted rectum, ileal pouch, or colon
should be performed with extreme caution. Due to the lack of nutrients (such as short-chain fatty acid) to the epithelia,
the bowel mucosa can be extremely friable and the risk for bleeding, perforation, and bacterial translation is high. The
endoscopist should minimize air insufflation and deep tissue biopsy.

The role of video capsule endoscopy (VCE) in IBD with its high sensitivity has been controversial, due to its inher-
ited inability of tissue biopsy and delivery of endoscopic therapy, specificity, and concern on capsule retention (espe-
cially in CD). Besides, its utility in preoperative exclusion of small bowel CD in patients with UC undergoing
restorative proctocolectomy and ileal pouches has not been established [12]. To overcome the shortcomings of VCE
comes with retrograde and antegrade balloon—assisted endoscopy [13].

Endoscopic ultrasound (EUS) has been used to transmural disease [14], fistulae [15], abscess, perianal disease
[16,17], and even regional lymphadenopathy. The EUS detection of transmural disease may help distinguish CD from
UC [18—-20].

Summary and recommendations

The diagnosis of CD and UC is based on the quality of colonoscopy—ileoscopy with tissue biopsy. The pretreatment
index colonoscopy is critical for the assessment of disease distribution, which provides the important clue for the differ-
ential diagnosis of CD and UC. At least four topographic locations should be biopsied and separately labeled: terminal
ileum, right colon, left colon, and rectum. Special endoscopy modalities, such as ileoscopy, pouchoscopy, enteroscopy,
VCE, and EUS, can be selected for various special indications.
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Abbreviations

CD Crohn’s disease

GI gastrointestinal

IBD inflammatory bowel disease
ICV ileocecal valve

PSC primary sclerosing cholangitis
UC ulcerative colitis

Introduction

Crohn’s disease (CD) can affect any part of the gastrointestinal (GI) tract, while classic ulcerative colitis (UC) only
involves colon and rectum. Differential diagnosis between inflammatory bowel disease (IBD) and other inflammatory,
neoplastic, medication-related, and organ transplantation—related disease conditions is discussed in separate chapters.
On the other hand, identification of normal endoscopic features of the esophagus, stomach, small and large intestine,
and anorectum is critical for the diagnosis and differential diagnosis. In addition, there are “normal variations” on
endoscopy of the GI tract. Some of these variations can mimic IBD, IBD-associated complications, and other inflamma-
tory or neoplastic conditions. The normal anatomy and their common alterations in IBD- or non-IBD conditions are
demonstrated.

Esophagus

The inner layer of the esophagus is covered with whitish squamous cells, in contrast to the salmon-color columnar epi-
thelia in the stomach. The longitudinal vascular pattern is visible, especially in the distal esophagus, close to the esopha-
gogastric junction (Fig. 3.1A). Congenital cervical inlet patch is occasionally found in the proximal esophagus
(Fig. 3.1B). The cervical inlet patch consists of the ectopic gastric mucosa. Due to acid secretion from ectopic gastric
mucosa may lead to esophagitis, ulcer, web, or stricture, mimicking CD of the esophagus.

Atlas of Endoscopy Imaging in Inflammatory Bowel Disease. DOI: https://doi.org/10.1016/B978-0-12-814811-2.00003-7
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FIGURE 3.1 Normal esophagus:
(A) normal distal esophagus and
esophagogastric  junction. Small
linear vasculature is clearly seen;
(B) cervical inlet patch in the prox-
imal esophagus, which is covered
with pinkish gastric columnar
mucosa (green arrow); and (C and
D) glycogenic acanthosis with
small white epithelial nodules
throughout the esophagus (blue
arrow).

FIGURE 3.2 Normal esophagus
and eosinophilic esophagitis: (A)
linear white specks (green arrow),
which has no clinical significance;
(B) pseudolinear furrows (yellow
arrow) in a patient with Crohn’s
disease, resembling eosinophilic
esophagitis; and (C and D) true
eosinophilic esophagitis with rings
and linear furrows (blue arrow)
and erosive distal esophagus ero-
sions and Schatzki ring.

Glycogenic acanthosis is characterized by multifocal plaques of hyperplastic squamous epithelium with abundant
intracellular glycogen deposits in the entire esophagus. Glycogenic acanthosis needs to be differentiated from Candida
esophagitis (Fig. 3.1C and D).
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FIGURE 3.3 Stomach in the
healthy and in patients with
Crohn’s disease: (A) bamboo joint
of the stomach, resembling that
seen in gastric Crohn’s disease
(green arrow); (B) fundic gland
polyps in the body of stomach;
resulting from long-term use of
proton pump inhibitors in a nonin-
flammatory bowel disease patient;
(C) extensive fundic gland polyps
in a Crohn’s disease patient with
short-gut syndrome; and (D) antral
gastritis in ulcerative colitis patient
with Helicobacter pylori infection.

Linear white specks are occasionally seen in the normal esophagus (Fig. 3.2A), which should be differentiated from
white plaques in those with Candida esophagitis. Patients with esophageal spasms, a functional disorder of the esopha-
gus, may present with linear furrows and esophageal rings (Fig. 3.2B), which resemble to that seen in eosinophilic
esophagitis (Fig. 3.2C and D). The distinction may only be made by histologic evaluation.

Stomach

IBD rarely involves the stomach. One of the endoscopic features of CD of the stomach is the presence of “bamboo
joints,” which was initially described by Japanese investigators, as shown in Fig. 4.4 in Chapter 4, Crohn’s disease:
inflammatory type [1]. Patients with normal stomach may have a similar endoscopic appearance (Fig. 3.3A). Therefore
histologic evaluation is critical.

With the extensive use of proton pump inhibitors in the general population, fundic gland polyps are commonly seen
in the stomach (Fig. 3.3B). However, the presence of fundic gland polyps may reflect the body’s compensatory reaction
to various stimuli, such as short-gut syndrome in CD (Fig. 3.3C). Antral gastritis in IBD is also common, which is not
necessarily a part of the disease (Fig. 3.3D), with etiologies such as Helicobacter pylori infection and the use of nonste-
roidal antiinflammatory drugs [2].

Duodenum

The duodenum is a common location of CD of the upper GI tract. CD of the duodenum may present with nonulcerative
inflammation, ulcers, or strictures. The distinction between the inflammatory phenotype of CD and “normal” variations
of the duodenum sometimes is difficult on endoscopy. The duodenum bulb in healthy individuals can have various
appearances. The bulbar mucosa can be granular or nodular in a non-disease setting. Granularity and nodularity of the
bulbar mucosa mainly consist of Bruner’s glands or Brunner’s gland hyperplasia (Figs. 3.4 and 3.5). Large nodules may
result from gastric heterotopia which is assumed to be congenital in origin, which also may be associated with fundic
gland polyps (Fig. 3.6A). Those features in the healthy individuals should be differentiated from IBD involvement of
the duodenum (Fig. 3.6B and D) or neoplasia there (Fig. 3.6C).

The duodenum cap is located in the junction between the bulb and second portion of the duodenum, which is a com-
mon place for CD strictures in the upper GI tract (Fig. 3.7). The second to fourth portions of the normal duodenum are
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FIGURE 3.4 Normal duodenum
bulb on white-light (left panel) and
narrow-band imaging (right panel)
endoscopy: (A—D) granular and
nodular mucosa with short villi.

FIGURE 3.5 Duodenum bulb
with  nodular mucosa from
Brunner’s gland hyperplasia: (A
and B) localized Brunner’s gland
hyperplasia in the anterior wall of
duodenum bulb; (C) Brunner’s
gland hyperplasia highlighted with
lysozyme (green) on immunofluo-
rescence. Paneth cells in the intesti-
nal epithelia are highlighted with
immunostain of human-defensing-5

(red).

characterized by the folds, villi, and occasionally lacteals, which are different from the bulbar mucosa (Fig. 3.8).
Lacteals may present with punctate white spots which mostly represent some degree of intestinal lymphangiectasia
(Figs. 3.8C and D, 3.9A and B, and 3.10A and B) [3,4]. Diffuse white duodenum mucosa, however, may be associated
with nonspecific inflammation, infections (such as Whipple’s disease), or lymphoma [1]. In between the white mucosa,
there may be erythema mucosa with short villi, which can be part of IBD in the upper GI tract (Fig. 3.10C and D).
Duodenum papilla may present with different shapes and sizes (Fig. 3.11A and B). The papilla and surrounding
areas are common locations for familial adenomatous polyposis (Fig. 3.6C). Patients with primary sclerosing cholangitis
(PSC) or IgG4-associated systemic disorders may present with diffuse duodenitis, predominantly at the second portion,
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FIGURE 3.6 Nodular lesions in
the healthy and diseased: (A) gas-
tric (fundic) heterotopia with
nodules found in the dilated lumen
of the second part of the duode-
num; (B) duodenitis with erythema
and nodules in a patient with
Crohn’s disease; (C) diffuse flat
polyps in the duodenum in a
patient with familial adenomatous
polyposis; and (D) diffuse duodeni-
tis with mucosal nodularity in a
patient with ulcerative colitis and
ileal pouch—anal anastomosis.

FIGURE 3.7 Normal and abnor-
mal duodenum bulb and cap. (A
and B) Normal granular mucosa in
the duodenum bulb. Duodenum cap
is presented between the bulb and
second portion (green arrows). (C
and D) Strictured duodenum cap
resulting from Crohn’s disease (yel-
low arrows). In addition, there are
linear erythematous nodules of
Crohn’s disease (blue arrow) (C).

on endoscopy and histology. Also, the duodenum involvement, particularly the lesions adjacent to the papilla may
explain an etiology of CD-associated pancreatitis, cholangitis, or cholangiopathy (Fig. 3.11C and D) [5—7].

It is important to document the size of the lumen of the duodenum. The narrowed lumen can be seen in CD,
while dilated lumen may be seen in diseases such as small bowel bacterial overgrowth or autoimmune enteropathy
or duodenopathy (Fig. 3.9C and D).
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Distal ileum

FIGURE 3.8 Normal mucosa in
the second to fourth portions of the
duodenum: (A and B) prominent
folds and villi and (C and D) tiny
white  spots  from  lacteals.
Lymphangiectasia with a white
nodule is highlighted (green
arrow).

FIGURE 3.9 The Iumen and
mucosa of the duodenum in the
healthy and diseased: (A) normal
duodenum with white spots from
lacteals with normal-sized lumen
and number and normal size and
number of the folds; (B) diffuse
white duodenum with prominent
lymphangiectasia and normal-sized
lumen and normal size and number
of the folds; and (C and D) dilated
lumen of the second to fourth por-
tions of the duodenum with flatten
villi and flatten and dilated lumen,
resulting from autoimmune
enteropathy.

Folds and villi of the distal ileum are not as prominent as that in the duodenum (Fig. 3.12A and B). Lymphoid hyper-
plasia (or lymphoid hypertrophy) with small submucosal nodules is a normal endoscopic finding (Fig. 3.13A—C).
However, more diffuse and prominent nodules that have been described as nodular lymphoid hyperplasia may be
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FIGURE 3.10 White duodenum
mucosa in the healthy and dis-
eased: (A and B) diffuse white duo-
denum with prominent lacteals
with a velvet appearance in a
healthy individual; and (C and D)
diffuse white villi with erythema
and depletion of villi in a patient
with Crohn’s disease (green
arrows).

FIGURE 3.11 Duodenum papilla
in the healthy and Crohn’s disease.
(A—D) Normal duodenum papilla
(green arrows). Two patients with
ileocolitis with additional nodules
close to the papilla and otherwise
normal duodenum mucosa (blue
arrows). Biopsy showed chronic
active enteritis (C and D). The
presence of the ampulla lesions
may explain Crohn’s disea-
se—associated pancreatitis.

associated with diarrhea, abdominal pain, hematochezia and hypoproteinemia [8], infectious enterocolitis, GI-mediated
allergy [9], or common variable immune deficiency (Fig. 3.13D) [10]. Lymphoid hyperplasia may be seen in patients
ileal pouches (Fig. 3.14). Differential diagnosis of granular or nodular lesions of the terminal ileum also includes non-
specific ileitis, CD (Figs. 3.15 and 3.16), intestinal tuberculosis, and lymphoma [11].
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FIGURE 3.12 Terminal ileum in
the healthy and quiescent Crohn’s
disease: (A and B) normal terminal
ileum with shorter villi than that in
the second to fourth portions of the
duodenum and (C and D) Crohn’s
disease with a short disease course
achieved remission after effective
medical therapy. The height of the
villi was completely restored.

FIGURE 3.13 Lymphoid hyper-
plasia and nodular lymphoid hyper-
plasia in the healthy and diseased:
(A—C) lymphoid hyperplasia in
three healthy asymptomatic
patients and (D) nodular lymphoid
hyperplasia in a patient with
chronic diarrhea.

Mild CD of the ileum or CD in remission may present with depleted or shorten villi (Figs. 3.12C and D and 3.17). To
fully assess the disease status of the terminal ileum, bile and mucus should be washed out. Folds, villi, and the size of the
lumen of the small bowel should be assessed and photo-documented (Fig. 3.18). The dilated lumen of the distal ileum can
be seen in those with downstream stricture, backwash ileitis, and small intestinal bacterial overgrowth (Fig. 3.18C and D).
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FIGURE 3.14 Lymphoid hyper-
plasia of prolapse distal pouch
mucosa in an ulcerative patient
with ileal pouch—anal anastomosis:
(A—C) nodular mucosa with lym-
phoid hyperplasia highlighted with
submucosal injection of hypertonic
glucose and (D) endoscopic band
ligation was performed to treat the
prolapse which had caused the
patient’s dyschezia.

FIGURE 3.15 Erosions, granular-
ity, and nodularity of the terminal
ileum in healthy and Crohn’s dis-
ease: (A and B) small nonspecific
erosions in tow healthy patients
undergoing screening colonoscopy;
(C) patchy granularity of the
mucosa in a patient with Crohn’s
disease; and (D) nodular mucosa in
a patient with Crohn’s disease.

lleocecal valve, cecum, and appendix

The shape and size of the ileocecal valve (ICV) vary greatly in healthy individuals, which should be described in the
endoscopic report. Sometimes, ICV can only be assessed by retroflex view during colonoscopy (Fig. 3.19). Strictured
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FIGURE 3.16 Nodular lesions of
the terminal ileum in Crohn’s dis-
ease: (A) ulceration and mucopuru-
lent nodules; (B and C) nodular
mucosa; and (D) elongated
pseudopolyps.

2512015

ATAT

FIGURE 3.17 Terminal ileum in
the healthy and diseased: (A) nor-
mal terminal ileum mucosa covered
A8 with bile; (B) normal terminal
02016 = : ; 667 2 - : ileum mucosa with light reflection;
ol 3 / : (C) spastic terminal ileum with
small Crohn’s disease—associated
erosion (green arrow); and (D)
Crohn’s disease of the terminal
ileum in remission.

or ulcerated ICVs are common in patients with ileal or ileocolonic CD (Fig. 3.20A and B), while patulous ICV is found
in patients with UC, particularly in those with concurrent UC and PSC (Fig. 3.20C and D).

Patchy erythema at the cecal base may be found in patients with IBD or with the use of sodium phosphate—based
bowel preparation (Fig. 3.21). The appendiceal orifice is normally identified without difficulty. However, it is important
to differentiate the appendiceal orifice from strictured or deformed ICV (Fig. 3.22).
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FIGURE 3.18 Size of the lumen
of the terminal ileum in the healthy
and diseased: (A and B) normal
size of the lumen of the terminal
ileum with intact villi in a healthy
individual; (C) dilated terminal
ileum with normal mucosa in a
Crohn’s disease patient who had
ileocecal a valve stricture; and (D)
dilated lumen of the terminal with
nodular lymphoid hyperplasia in a
Crohn’s disease patient.

FIGURE 3.19 Various forms of
the ileocecal valves in healthy indi-
viduals: (A) The prominent fold is
the ileocecal valve; (B) occasion-
ally the ileocecal valve is best
viewed with endoscopic retroflex;
and (C and D) normal appearance
of the ileocecal valves.

Colon and rectum

The landmarks for the identification of geographic locations of the large bowel include splenic and hepatic flexure,
triangular-shaped lumen of the traverse colon (Fig. 3.23), and rectal sigmoid junction. Those landmarks are used for the
disease extent and distribution of IBD.
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FIGURE 3.20 TIleocecal valves in
inflammatory bowel disease: (A)
Strictured and deformed ileocecal
valve in Crohn’s disease; (B) endo-
scopic balloon dilation of the ileo-
cecal valve in a patient with
Crohn’s disease; (C) patulous ileo-
cecal valve in a patient with quies-
cent ulcerative colitis; and (D)
patulous ileocecal valve in a sepa-
rate patient with active ulcerative
colitis.

FIGURE 3.21 Normal cecum:
(A) Normal appendiceal orifice and
cecum; (B and C) patchy erythema
with (C) or without (B) erosions in
the cecum; and (D) histology of
biopsy of the erythematous area
showed nonspecific active colitis,
likely resulting from sodium phos-
phate—based bowel preparation
agent.

Healthy colon and rectum should have light reflection and transparent view of mucosal vasculature (Fig. 3.23).
Subtle pathological changes such as excessive mucus in the spastic colon in irritable bowel syndrome and mucosal
edema and erythema can easily be missed (Fig. 3.24). Attention should also be paid to the lumen and luminal contents
of the colon, which sometimes yield diagnostic clues for disease entities, for example, prolapse, intussusception, malab-
sorption, and mucosal scars from chronic bowel injury (Figs. 3.25 and 3.26).
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FIGURE 3.22 Appendix in the
healthy and diseased: (A) appendi-
ceal orifice (green arrow) with sur-
rounding mosaic-appearing cecal
mucosa (blue arrow) and (B—D)
nonulcerated stricture at the ileal
cecal valve (yellow arrow) was
supposed to undergo endoscopic
balloon dilation. The mistook
endoscopist the appendiceal orifice
as a strictured ileocecal valve and
attempted to perform endoscopic
dilation of the orifice. Fortunately,
the nonintended procedure was not
eventful.

FIGURE 3.23 Landmarks of the
colon in the healthy. Colon mucosa
is characterized by light reflection
and mucosal vasculature: (A)
hepatic flexure of the colon with
bluish liver seen thorough the
colon wall; (B and C) triangular-
shaped lumen indicates the trans-
verse colon; and (D) left-colon
proximal to the triangular-shaped
transverse colon.

The anterior distal rectum is prone to inflammatory and mechanical injury. Isolated inflammation in this particular
location often results from mechanical and functional etiologies, such as rectal prolapse, rectocele, and dyssynergic def-

ecation (Fig. 3.27). Differential diagnosis includes rectal involvement of CD and UC.
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FIGURE 3.24 Endoscopic fea-
tures of the colon suggesting under-
lying disorders: (A and B)
excessive mucus in the spastic
colon in a patient with diarrhea-
predominant irritable bowel syn-
drome and (C and D) edema of the
colon mucosa in a patient with
hypoalbuminemia.

FIGURE 3.25 Endoscopic fea-
tures of the colon suggesting under-
lying disorders: (A and B) lipoma
y i - . of the colon with overlying normal
1972018 5, S : § 8 ” . 3 o : mucosa on white-light and narrow-
e - L - 3 4 ] RN D7 band imaging; (C) prolapsed

; - - " ‘ ? L mucosa of the sigmoid colon in a
patient with chronic constipation
and dyschezia; and (D) floating oil
droplets on the luminal content in a
patient with malabsorption.

Anus and anal canal

The anatomy of the anorectum is complex. Various IBD and non-IBD disease entities can involve the area. Retroflex
evaluation during endoscopy is encouraged in patients without proctitis. Retroflex of the endoscopy provides a better
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FIGURE 3.26 Colon mucosa in
the healthy and diseased: (A) nor-
mal colon mucosa; (B) intussuscep-
tion of colon mucosa in a patient
with endometriosis; (C) endoscopic
trauma to colon mucosa in a patient
on systemic corticosteroids; and
(D) mucosal scars (green arrow)
from ischemic colitis, which would
easily be missed.

FIGURE 3.27 Anterior rectum in
the healthy and diseased: (A) nor-
mal rectum with a clear mucosal
vascular pattern; (B) mucosal ery-
ok thema at the anterior wall from
BeAS i i 8 HEE : prolapse; (C) mucosal prolapse at
L J Sy the anterior wall of the rectum; and
(D) nodular mucosa at the anterior
wall of the rectum from long-term
constipation.

view of the distal rectum and anal canal (Fig. 3.28). Polypoid or nodular lesions in the areas could be from hemor-
rhoids, hypertrophic anal papillae, skin tags, and warts (Figs. 3.29—3.31). Besides, IBD- or non-IBD-related anal fis-
sures or erosions (Figs. 3.28B and C, 3.29D, and 3.30C and D) and perianal or vaginal fistulae (Fig. 3.31D) can be
identified with a proper endoscopy.
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FIGURE 3.28 Distal rectum
under the retroflex view of endos-
copy: (A) normal distal rectum and
proximal anal canal; (B) anal fis-
sures at the dentate line (green
arrow); (C) linear erosions in the
distal rectum and anal transitional
zone in a patient with Crohn’s ilei-
tis; and (D) nodular anal canal in a
patient with perianal Crohn’s dis-
ease (blue arrow).

FIGURE 3.29 Hypertrophic anal
papillae and inflammation: (A—C)
anal papillae with overlying squa-
mous cells originated from the den-
tate line in forward and retroflex
views and (D) erosions of the anal
canal (green arrow).
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FIGURE 3.30 Anal transition
zone and anal canal: (A) normal
anal transition zone between
columnar epithelia (salmon col-
ored) and squamous epithelia
(white colored); (B) normal anal
canal; and (C and D) anal fissures
in two patients with Crohn’s
disease.

FIGURE 3.31 Anal lesions: (A
and B) hemorrhoids; (C) anal stric-
ture with a nodular anal canal in a
patient with Crohn’s disease; and
(D) anal vaginal fistula (green
arrow) with a nodular anal canal in
a patient with Crohn’s disease.

Summary and recommendations

Endoscopic presentations of IBD are nonspecific. The list for the differential diagnosis is long. Accurate recognition of
the normal anatomy and landmarks of the GI tract is the first step. Some physiological changes, such as granular or
nodular duodenum bulb mucosa and lymphoid hyperplasia, may mimic IBD. Certain anatomic locations of the GI tract
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are prone to injury with endoscopic features resembling that in IBD, such as distal rectal inflammation from prolapse
and hypertrophic anal papillae from chronic constipation. In addition to mucosal features, endoscopic evaluation should
include the shape and size of the lumen of the GI tract and characteristics of luminal contents. Histologic evaluation
often provides useful information.
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Chapter 4

Crohn’s disease: inflammatory type

Bo Shen
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CDh Crohn’s disease

GI gastrointestinal

IBD inflammatory bowel disease

ICV ileocecal valve

ITB intestinal tuberculosis

PSC primary sclerosing cholangitis

uC ulcerative colitis

Introduction

Crohn’s disease (CD), by location, can involve any part of gastrointestinal (GI) tract, from the mouth to anus. CD can
also involve the GI tract with different depths. Therefore several classifications have been proposed to categorize CD.
The Montreal classification was proposed to categorize CD, on the basis of the age of onset, disease location, and dis-
ease phenotype [1] (Table 4.1), which was modified from earlier Vienna classification [2]. The classifications were
recently further expanded by the incorporation of age groups, disease locations, and etiopathogenetic factors [3]
(Table 4.2).

This chapter is focused on inflammatory phenotype of CD. Fibrostenotic (Chapter 5: Crohn’s disease: fibrostenotic
type), fistulizing (Chapter 6: Crohn’s disease: penetrating type), and perianal (Chapter 7: Crohn’s disease-perianal) phe-
notypes are discussed in separate chapters.

Esophagogastroduodenoscopy and ileocolonoscopy play a key role in the evaluation, diagnosis, differential diagno-
sis, disease monitoring, and assessment of treatment response of CD (Table 4.2).

Oral, esophageal, and gastric Crohn’s disease of inflammatory type

Upper GI CD is defined as the disease involvement in segment(s) of the tract proximal to the ligament of Treitz. It is
estimated that the frequency of upper GI CD ranges from 0.5% to 16%, as summarized by Laube et al. [4]. Oral CD is
common in both pediatric and adult patients. The presentation of oral CD is variable. The lip, buccal gingiva, and ton-
gue are common locations of disease involvement. The disease presentations can be swelling, induration, and various
forms of aphthae, erosions and ulcers, plaques, and even “cobblestoning” (Fig. 4.1). The oral lesions are often painful.
In fact, aphthae, by strict definition, are painful, small, shallow ulcer lesions.

Atlas of End py I ing in Infl 'y Bowel Disease. DOI: https://doi.org/10.1016/B978-0-12-814811-2.00004-9
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TABLE 4.1 The Montreal classification of Crohn’s disease [1].

Age at diagnosis (A)

AT 16 years or younger

A2 17—40 years
A3 over 40 years

Location (L)

L1 terminal ileum

L2 colon

L3 ileocolon
L4 upper Gl
Behavior (B)

B1 nonstricturing, nonpenetrating

B2 stricturing
B3 penetrating

Upper GI modifier (L4)

L1+ L4

L2 + 14

L3 + L4

Perianal disease modifier (p)
Bl1p

B2p

B3p

Terminal ileum + upper Gl
Colon + upper Gl
lleocolon + upper Gl

Nonstricturing, nonpenetrating + perianal
Stricturing + perianal
Penetrating + perianal

A, Age; B, behavior; G, gastrointestinal; L, location.

TABLE 4.2 Proposed classification of inflammatory bowel diseases.

Criteria Class Description Examples

Disease Ulcerative colitis Classic UC
location, extent T :

and depth = Crohn's disease Classic CD
granulomas Indeterminate colitis

Age of onset Very early onset Age 0 IL-TO/ILR mutations

Early onset

Age 0—10 years

Age 10—17 years

Regular onset

Age 17—40 years

Late onset

Age >50 years

Phenotype

Inflammatory

Inflammatory CD; classic UC

Stricturing

Stricturing CD; UC with stricture

Penetrating

Fistulizing CD

Locations

Oral

Upper Gl

Jejunum

lleum

Colon

Rectum

Perianal

Extraintestinal

Metastatic CD of the skin, lung, and liver

Concurrent or
immune-
mediated
disorders

IBD Isolated UC or CD of the gut
IBD-V IBD* IBD + classic extraintestinal manifestations UC with concurrent PSC
IBD** IBD + autoimmune and/or autoinflammatory IBD with concurrent microscopic colitis,
disorders * classic extraintestinal manifestations celiac disease, hidradenitis suppurativa
IBD*~ Diseases sharing clinical features and possible Lymphocytic colitis, collagenous

etiopathogenetic pathways with classic IBD *
classic extraintestinal manifestations of IBD,
autoimmune disorders or autoinflammatory
disorders

colitis; Behcet disease, cryptogenic
multifocal ulcerous stenosing enteritis,
ulcerative jejunitis

(Continued)
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TABLE 4.2 (Continued)

Criteria Class Description Examples
Etiology of IBD Primary or Monogenic IL-10, IL-TORa, IL-TORb mutations
idiopathic Very early—onset IBD
Polygenic Classic UC; classic CD
Secondary Identifiable pathogens Mycobacterial paratuberculosis
Medication-induced Mycophenolate-associated colitis;

ipilimumab-associated colitis

Organ transplantation-induced Post—solid organ transplant IBD-like
conditions, cord colitis syndrome

Surgery induced Pouchitis, Crohn’s disease—like
conditions of the pouch,
post—colectomy enteritis, bariatric
surgery—associated IBD

Genetic Monogenic IL-10/IL-R mutations, familial

etiology Mediterranean fever
Polygenic Classic CD and classic UC

Disease spread Intrinsic (inside- Starting from the lymphatic system or Subset of obese CD patients; subset of

process out) mesentery, spreading to gut mucosa sclerosing mesenteritis or lymphangitis
Extrinsic (outside- External trigger (e.g., bacteria) leading to Fulminant UC: from mucosal disease
in) mucosal inflammation to transmural inflammation

CD, Crohn’s disease; IBD, inflammatory bowel disease; IBD-V, IBD-variant; PSC, primary sclerosing cholangitis; UC, ulcerative colitis.

FIGURE 4.1 Patterns of oral Crohn’s disease. (A) Linear aphthous-like ulcers in the lip; (B and C) multiple ulcers with plaques on the tongue; and
(D) “cobblestoning” of the lower lip.
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Esophageal CD is rare, which is often presented with mucosal inflammation, erosions, and ulcers, leading to stric-
tures in some. It appears that the distal esophagus is the most common location of the disease. Endoscopic features of
esophageal CD range from hyperemic mucosa, erosions, ulcers, granularity (Fig. 4.2), and strictures [5]. Patients with
esophageal CD are considered as having an aggressive form of disease often having poor nutrition in protein and micro-
nutrients and current use of immunosuppressive medications. The endoscopic features can overlap with esophagitis
from nutrition deficiencies [such as iron (Fig. 4.2D) and zinc] or superimposed bacterial, fungal, or viral infection (such
as herpes simplex).

Gastric CD appears more commonly in patients in Asia than those in the United States or Europe. Gastric CD may
present with erosions, ulcers, nodularity, and verrucous gastritis. The erosions or ulcers are usually discrete and can be sin-
gle or multiple or small or large with regular or irregular border. In the majority of patients the ulcer is clean-based, with
a raised edge or inflammation or nodularity in the surrounding area (Fig. 4.3). A “bamboo joint”—like appearance has
been described in gastric and duodenal CD, characterized by swollen longitudinal folds traversed by erosive fissures or lin-
ear furrows (Fig. 4.4). This endoscopic feature is hardly observed in patients with ulcerative colitis (UC) or non-
—inflammatory bowel disease (non-IBD) conditions. In fact, it has been considered a specific marker for gastroduodenal
CD [5.6]. The rate of yield of granulomas on histology with biopsy of the lesion was reported to be 45.5% [5]. It appears
that this particular endoscopic feature is often seen in CD patients in Asia. Confounding factors, such as Helicobacter
pylori infection, and the use of nonsteroidal antiinflammatory drugs should be evaluated and treated accordingly.

Isolated or concurrent involvement of the duodenum can occur in patients with CD. Duodenum bulb and cap are the
most locations. Endoscopic features of duodenal CD include edematous or erythematous mucosa, aphthous-like lesions,
various forms or shapes of ulcers, erosions, patchy erythematous mucosa, thickened folds, fissures, granularity or nodu-
larity, and “bamboo joint”—like appearances (Figs. 4.5 and 4.6). Strictures are also common, while fistulae are rare.
IgG4-associated duodenitis characterized by diffuse inflammation and ulcers, predominantly at the second portion, can
occur in patients with CD (which may be associated with concurrent hepatobiliary involvement of IBD) (Fig. 4.7) [7].

Jejunum and ileum Crohn’s disease of inflammatory type

Three phenotypes of CD in the jejunum and ileum are discussed in Chapter 18, Enteroscopy in inflammatory bowel dis-
ease and inflammatory bowel disease—like conditions.

FIGURE 4.2 Esophageal
Crohn’s disease. (A)
Longitudinal superficial ulcers
at the distal esophagus; (B)
round, medium-sized ulcers
arranged with a linear pattern
with surrounding mucosal ery-
thema and edema in the whole
esophagus; (C) mucosal scars
and bridges in the distal esopha-
gus, after therapy with inflixi-
mab; and (D) web-like stricture
at the proximal esophagus from
malnutrition and severe iron
deficiency in Crohn’s disease.
(A and C) Courtesy Dr. Gu
Yubei of Ruijin Hospital of
Shanghai Jiaotong University.
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FIGURE 4.3 Gastric Crohn’s
disease pattern of erosion and
ulcer. (A) Irregular erosion with
adjacent nodular mucosa at the
antrum; (B) deep ulcer with exu-
dates at the gastric body; (C)
large, deep, clean-based ulcer
with clear border at the prepylo-
ric region; and (D) asymmetric
ulcer at the pylorus. (A and B)
Courtesy Dr. Mei Wang of
Affiliated Hospital of Yangzhou
University; (C and D) courtesy
Dr. Yubei Gu of Ruijin Hospital
of Shanghai Jiaotong
University.

FIGURE 4.4 Gastroduodenal
Crohn’s disease: “bamboo join-
t"—like pattern. The lesion was
detected in the antrum (A), fun-
dus (B and C), and duodenum
cap (D) (green  arrows).
Courtesy Dr. Yubei Gu of Ruijin
Hospital of Shanghai Jiaotong
University.

CD in patients with ileostomy or strictureplasty is discussed in Chapter 8, Crohn’s disease: postsurgical. The “nor-
mal” adaptive changes of the distal small bowel in patients with ileostomies or jejunostomies, such as dilated lacteals,

should be distinguished from true recurrent CD in the bowel segment (Fig. 4.8).
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Distal ileum inflammatory Crohn’s disease

FIGURE 4.5 Duodenum
Crohn’s disease patterns of
ulcers. (A) Discrete erosions and
ulcers along the folds in a cir-
cumferential pattern; (B) dis-
crete clean-based large ulcer at
the second part of the duode-
num; (C) longitudinal ulcers,
perpendicular to the folds; (D)
longitudinal ulcer at the second
portion of the duodenum in a
patient with concurrent primary
sclerosing cholangitis and bili-
ary stent in place.

FIGURE 4.6 Duodenum
Crohn’s disease—nodular and
“bamboo joint”—like patterns.
(A and B) Nodular mucosa at
the bulb and second portion of
the duodenum and (C and D)
“bamboo joint”—like appearance
of duodenum mucosa (green
arrow). (A)  Courtesy Dr.
Xinying Wang of Zhujiang
Hospital ~ Southern — Medical
University; (B) courtesy Dr. Mei
Wang of Affiliated Hospital of
Yangzhou University; (C and D)
courtesy Dr. Yubei Gu of Ruijin
Hospital of Shanghai Jiaotong
University.

The distal or terminal ileum is the most common location of CD. The disease distribution can be segmental in the area.
It is in this location that CD has a wide range of endoscopic presentations, ranging from villous depletion to serpiginous
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FIGURE 4.7 IgG4-associated duodenitis in Crohn’s disease. (A and B) Diffuse granular mucosa with ulcers and loss of vascular pattern and
(C and D) infiltration of plasma cells (pink in CD138 stain) with expression of IgG4 (brown with 3,3’-diaminobenzidine). CD, Crohn’s disease.

FIGURE 4.8 Neo-distal small
bowel in patients with ileos-
tomies for CD. (A) Diffusely
distributed lacteals with “white”
ileal mucosa in a patient with
ileostomy and short-gut syn-
drome. The mucosal pattern is
considered a “normal,” compen-
satory changes; (B) depleted
villi in the proximal ileum in a
patient with high ileostomy and
short-gut syndrome, with the
pattern not consistent with
recurrent CD; (C) single circum-
ferential erosion at the fascia
level of ileostomy, which is not
active CD; and (D) true recur-
rent CD in the ileum with deep,
stellate ulcers and nodular
mucosa. CD, Crohn’s disease.

ulcers. In order to obtain accurate characterization of mucosal disease, adequate wash of mucus, exudates, and plaques
is required (Fig. 4.9). Terminal ileitis may present with villous depletion, erythema, or edema, which are considered
mild or partially treated forms of disease (Fig. 4.10). Erosions and ulcers, however, are more common endoscopic
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FIGURE 4.9 Importance of
mucosal washing in the charac-
terization of ulcers in inflamma-
tory bowel disease. (A and B)
Aphthous-like erosion covered
with exudate in the terminal
ileum before and after washing
(green arrows); and (C and D)
irregular ulcer covered with exu-
dates before and after washing
(blue arrows).

FIGURE 4.10 Villous patterns of
Crohn’s disease in the distal ileum.
(A and B) Patchy villous depletion
before therapy on white-light colo-
noscopy and narrow banding imag-
ing (green arrows); (C) area of
erythema with villous depletion sur-
rounded by normal appearing
mucosa; and (D) villous depletion
with mucosal scars and mild luminal
stenosis after anti-tumor necrosis
factor therapy.

features, reflecting active CD. They can be aphthous-like, small or large, shallow or deep, regular or irregular in border,
clean-based or exudate- or plaque-covered, isolated or surrounded by mucosal edema, erythema or granularity
(Fig. 4.11). Longitudinal ulcers, especially single ones along the mesentery border, are considered classic features for
Crohn’s ileitis and Crohn’s colitis (Fig. 4.12). However, variants of these classic ulcer patterns can be found in the
small bowel and colon in CD. The ulcers can be circumferentially distributed, especially in the neo-terminal ileum after
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FIGURE 4.11 Patterns of ero-
sions and ulcers in Crohn’s dis-
ease involving the terminal
ileum. (A) Multiple aphtha-like
erosions; (B) diffuse ulcers cov-
ered with exudates on the back-
ground of edematous mucosa;
(C) irregular large deep ulcers
with adjacent edema; and (D)
multiple longitudinal and serpig-
inous ulcers.

FIGURE 4.12 Patterns of ser-
piginous ulcers in Crohn’s dis-
ease in the terminal ileum and
colon. (A and B) Short and long
serpiginous ulcers along the
mesentery edge in the terminal
ileum and (C and D) multiple
columns of serpiginous ulcers in
the colon.

ileocolonic resection and ileocolonic or ileorectal anastomosis (Fig. 4.13). Therefore the presence of circumferentially
distributed or transverse ulcers does not necessarily exclude the diagnosis of CD, although the pattern is more com-
monly seen in intestinal tuberculosis (ITB) [8,9] and also seen in ischemic colitis [10]. The ‘“cobblestoning”-like
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FIGURE 4.13 Variant ulcer
patterns in Crohn’s disease in
the distal ileum. (A) Discrete
ulcers arranged along the folds;
(B) circumferential ulcer and
edema, about to form a short
stricture; (C) longitudinal kis-
sing ulcers; and (D) superficial
ulcers with exudates, circumfer-
entially or transversely distrib-
uted along the neo-terminal
ileum fold after ileocolonic
resection and ileocolonic
anastomosis.

FIGURE 4.14 Cobblestoning-like
mucosa of the small and large
bowels in Crohn’s disease. The
endoscopic feature results from deep
longitudinal ulcers or fissures in
between islet of edematous mucosa.
(A) Cobblestoning mucosa of the
terminal ileum; (B) cobblestoning
mucosa of the colon; and (C) the
cobblestones.

appearance of the ileum and less so of colon mucosa has been considered another classic endoscopic and radiographic
feature in CD (Fig. 4.14). The formation of “cobblestoning” appearance results from deep fissures or ulcers with nodu-
lar mucosal inflammation in between. The nodular or “bamboo joint”—like pattern in gastroduodenal CD

(Figs. 4.4—4.6) may also stem from the same disease process.
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FIGURE 4.15 Correlation between
mucosal inflammation and transmur-
al inflammation in Crohn’s disease.
(A and B) Longitudinally scattered
ulcers in the terminal ileum and (C)
terminal ileitis with mucosal hyper-
enhancement and mesenteric fistula
on computed tomography enterogra-
phy (green arrow).

FIGURE 4.16 Poor correlation
between mucosal inflammation and
transmural inflammation in Crohn’s
disease. (A) Normal distal ileum and
(B and C) multiple strictures with
thickened bowel wall in the mid and
distal ileum (green arrows).

In most cases, pattern and severity of mucosal disease predict transmural disease process, which follows the tradi-
tional “outside-in” theory of CD, that is, the disease from the mucosa to serosa, then mesentery (Fig. 4.15). Patients
with severe mucosal disease may be associated with transmural disease and formation of stricture, fistula, and even
abscess. However, the disease process may start from the serosa or mesentery to the mucosa, resulting in severe trans-
mural inflammation or fistula in the presence of minimum or no mucosal inflammation (Fig. 4.16). The latter pattern of
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the disease process reflects the “inside-out” theory in CD [3]. Therefore the absence of mucosal inflammation does not
exclude active CD, and in patients clinically suspected of active CD, transmural imaging is needed.

The presence of diffuse colitis and terminal ileitis in IBD was designated as confluent ileitis—colitis. Backwash ilei-
tis can occur in patients with diffuse UC [11], particularly in those with primary sclerosing cholangitis (PSC) [12,13].
Backwash ileitis can also occur in patients with diffuse right-sided Crohn’s colitis [13]. Histologic features, such as
crypt distortion, acute lamina propria inflammation, and lamina propria expansion by mononuclear cells, have been
reported to distinguish Crohn’s colitis—associated backwash ileitis from UC-associated backwash ileitis [13].
Endoscopic distinction between Crohn’s colitis—associated backwash ileitis and UC or UC + PSC—associated back-
wash ileitis can be subtle. There is diffuse inflammation with edema, erythema, loss of vascularity, granularity, exu-
dates, and erosions or small ulcers of the bowel, which are shared by the terminal ileum and right colon. Strictures and
fistulae are rare in Crohn’s colitis—associated backwash ileitis. Both Crohn’s colitis—associated and
UC + PSC—associated backwash ileitis can have rectal sparing [12,14]. Patulous or “fish mouth”—like ileocecal valve
(ICV) is considered a classic feature for both Crohn’s colitis—associated and UC-associated backwash ileitis. However,
ulceration on the patulous ICV may be more common in Crohn’s colitis—associated backwash ileitis than UC-
associated entity (Fig. 4.17). Endoscopic features of UC- and UC + PSC—associated backwash ileitis are also discussed
in Chapter 9, Ulcerative colitis.

There is no consensus on whether Crohn’s colitis—associated backwash ileitis should be classified into L1 (ileitis),
L2 (colitis), or L3 (ileocolitis). It may be reasonable to put Crohn’s colitis—associated backwash ileitis into L2 cate-
gory, as the backwash ileitis may be considered being secondary to diffuse colitis. The endoscopic features of CD ileitis
(L1) and Crohn’s colitis—associated backwash ileitis appear to be different. Isolated, larger, irregular, serpiginous or
deep ulcers, and strictures are common in CD ileitis (Figs. 4.8D, 4.9, 4.11—4.15). In addition, CD ileitis is often associ-
ated with ulcerated, strictured, or deformed ICV (Fig. 4.18). However, isolated involvement of ICV by CD can also
present, sparing other parts of GI tract. This author has speculated that CD in ICV may share features of etiopathoge-
netic factors with achalasia of the esophagus, which may be “cured” by endoscopic valvectomy, equivalent to endo-
scopic or surgical myotomy [15]. Patulous and nodular ICV is one of distinct endoscopic features of ITB [9].

Inflammatory CD often evolves into fibrostenotic or fistulizing CD. Some patients may have strictures and fistulas
as initial presentations (see Chapter 5: Crohn’s disease: fibrostenotic type and Chapter 6: Crohn’s disease: penetrating

type).

FIGURE 4.17 Backwash ilei-
tis from diffuse Crohn’s colitis
and primary sclerosing cholangi-
tis  with  rectal  sparing.
Backwash ileitis can occur in
patients with diffuse Crohn’s
colitis, as well as UC. (A)
Diffuse ileitis with loss of vas-
cularity; (B) patulous ICV with
ulcers (green arrow). In con-
trast, ICV in UC and backwash
ileitis typically does not present
with ulcers; (C) diffuse active
colitis, similar pattern to that in
the distal ileum. That is why
this pattern of bowel inflamma-
tion has also been termed con-
fluent colitis and ileitis; (D)
disease-spared rectum. ICV,
Tleocecal valve; UC, ulcerative
colitis.
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Colonic Crohn’s disease/Crohn’s colitis

It is estimated that 10% —15% of patients with CD have disease limited to the large bowel only. The pattern of Crohn’s
colitis pattern varies greatly in the distribution, extent, depth, and severity. Crohn’s colitis can be presented as segmen-
tal or diffuse inflammation with edema, erythema, exudates, granularity, nodularity, loss of vascularity, friability, and
various forms of ulcers (Fig. 4.19). Although segmental distribution and rectal sparing are common in patients with

FIGURE 4.18 Abnormal ICV in
Crohn’s disease. (A) Strictured ICV,
making endoscopic intubation diffi-
cult; (B) inflamed ICV with granular
mucosa; (C) ulcerated and deformed
ICV; and (D) nodular, strictured, and
deformed ICV, with stricture and
hidden ileo-ileal fistula. ICV,
Tleocecal valve.

FIGURE 4.19 Patterns of
Crohn’s colitis. (A) Inflamed
(erythema) and noninflamed
parts of the colon, with a sharp
demarcation (green arrow), sim-
ilar to that in left-side UC or
UC proctitis; (B) edematous and
erythematous colon mucosa
with exudates; (C) partially
healed longitudinal ulcer with
scar along the mesentery border
in the transverse colon; and (D)
discrete and confluent ulcers in
the rectum in a patient with sub-
total colectomy with ileorectal
anastomosis. Rectal involvement
can occur before or after this
type of surgery. UC, Ulcerative
colitis.
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Crohn’s colitis (L2) or Crohn’s ileocolitis (L3), rectal involvement can occur, typically presented with discrete ulcers and
inflammation. Patients with ileocolitis with rectal sparing undergoing subtotal colectomy with ileorectal anastomosis may
develop de novo Crohn’s proctitis after surgery (Fig. 4.19D). Isolated diffuse Crohn’s proctitis is rare; and if present, it is
often presented with distal rectal or anal inflammation with perianal disease. Sometimes, various degrees and patterns of
colitis can be found in a given session of colonoscopy in an individual patient (Fig. 4.20). Long-standing Crohn’s colitis
can develop chronic inflammatory changes, such as pseudopolyps and mucosal bridges (Fig. 4.21).

FIGURE  4.20 Pattern of
Crohn’s colitis. (A) Large stel-
late ulcer with surrounding
mucosal edema, nodularity, and
pseudopolyps;  (B)  multiple
inflammatory polyps with fis-
sures in between causing lumi-
nal narrowing; (C) ulcerated and
nodular stricture in the trans-
verse colon; and (D) sparing of
nearby segments of the large
bowel.

FIGURE 4.21 Pattern of Crohn’s
colitis. (A—C) Mucosal bridge
(green arrow) along with elongated
pseudopolyps and mucosal ulcera-
tion in the proximal colon and (D)
rectal sparing with normal mucosa.
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Crohn’s disease in surgically altered small bowel

Patients with refractory CD may require fecal diversion with ileostomy, jejunostomy, or colostomy. Strictureplasty CD
of the small bowel in patients with ostomies or strictureplasty is discussed in Chapter 8, Crohn’s disease: postsurgical.
CD of the ileal pouch can also occur in UC patients undergoing restorative proctocolectomy. Endoscopic features of
inflammatory, fibrostenotic, or fistulizing CD of the pouch is discussed in Chapter 11, Ulcerative colitis postsurgical.

Small bowel transplantation has been performed in patients with severe, refractory CD, or CD with short-gut syn-
drome [16]. Endoscopic features of recurrent CD in patients with small bowel transplant are discussed in Chapter 27,
Inflammatory bowel disease after organ transplant.

Summary and recommendations

Inflammatory phenotype of CD can occur in any parts of the GI tract. Natural history of CD dictates that patients with
poorly controlled inflammatory CD are likely to develop further tissue structural damage and complications, such as
stricture and fistula. The patterns of inflammation vary depending on the disease location and severity, prior history sur-
gery with degree of altered bowel anatomy. Recognition and appreciation of the common endoscopic features are a key
for the diagnosis, differential diagnosis, disease monitoring, and therapy.
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Chapter 5

Strictures in Crohn’s disease
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CDh Crohn’s disease

EBD endoscopic balloon dilation

ESt endoscopic stricturotomy

IBD inflammatory bowel disease

ICV ileocecal valve

NSAID nonsteroidal antiinflammatory drugs

ucC ulcerative colitis

Introduction

Intestinal stricture, defined as abnormal narrowing of bowel lumen, has also been termed stenosis. A stricture can lead
to a spectrum of narrowing from subtle to complete obstruction. In patients with inflammatory bowel disease (IBD),
either Crohn’s disease (CD) or ulcerative colitis (UC), intrinsic stricture may result from disease process ranging from
inflammation and fibrosis to malignancy in the mucosa, muscularis mucosae, submucosa, or muscularis propria, or
combination. Extraintestinal or extraluminal disease process can also cause bowel stricture or obstruction (extrinsic
stricture), such as abscess, adhesion, and compression from benign or malignant mass.

In the Montreal classification system, CD was divided into nonstricturing/nonpenetrating (B1), stricturing (B2), and
penetrating (B3), based on clinical behavior, as shown in Chapter 4, Crohn’s disease: inflammatory type (Table 4.1)
[1]. Stricturing disease is believed to result from persistent inflammation (B1) and fibrosis. On the other hand, stricture
is a major contributing factor for the formation of fistula (B3) and abscess. Strictures often lead to significant morbid-
ities, particularly bowel obstruction. The main treatment strategies for stricture are the control of inflammation with
medical therapy and relief of obstruction with mechanical force, such as endoscopic balloon dilation (EBD), endoscopic
stricturotomy (ESt), bowel resection, and stricturoplasty [2,3].

Stricture in CD represents a spectrum of clinical phenotypes, underlying disease process, and prognosis. A classifi-
cation of IBD-related stricture has been proposed (Table 5.1) [4]. In the classification system, IBD-related strictures are
categorized based on the source, clinical presentation, underlying disease, the presence of prior surgery, malignant
potentials, degree, location and length, and associated disease conditions. Proper diagnosis and classification of stricture
will guide monitoring of disease progression and medical, endoscopic, and surgical therapy and improve quality of life
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TABLE 5.1 Classification of strictures in inflammatory bowel disease [4].

Category Description Examples
Source Intrinsic Inflammation, fibrosis, or Terminal ileum stricture of Crohn’s disease
malignancy in any layers of bowel
wall
Extrinsic Extraintestinal compression, Adhesion, abscess compression

pushing, and pulling

Clinical Symptomatic

resentation -
P Asymptomatic

Underlying disease Crohn’s disease Ileocecal valve stricture, anal stricture,
and surgery terminal ileum strictures

Ulcerative colitis

Postsurgical Bowel resection and anastomosis lleocolonic stricture, ileal rectal stricture
lleal pouch Inlet and anastomosis strictures, loop
ileostomy site stricture, afferent limb site
strictures
Stricturoplasty Inlet and outlet strictures
Bypass Gastrojejunostomy stricture
lleostomy/Jejunostomy/Colostomy Skin, stoma, and bowel stricture
Primary (disease, Disease-associated
drug, ischemia) Drug associated NSAID, pancreas enzyme
Secondary Anastomotic
Near suture or staple lines Pouch inlet, stricturoplasty outlet/inlet
Malignant potential Benign Ileocolonic anastomotic stricture
Malignant Adenocarcinoma, lymphoma, Colon cancer from colitis-associated dysplasia
squamous cell cancer (in anal
canal)
Inflammation and Inflammatory
fibrosis component Fibrotic
Mixed
Length Short <4 cm
Long =4cm
Characteristic of Ulcerated
stricture Web like Concurrent NSAID use
Spindle shaped
Angulated
Symmetry Circumferentially asymmetric Some ileocecal valve stricture
Longitudinally asymmetric Ileocolonic or ileorectal anastomotic strictures
Location in Esophagus
ol o
Small bowel

lleocecal valve

Colon

Rectum

Anus

(Continued)
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TABLE 5.1 (Continued)

Category Description Examples
Degree No stricture No stricture
Mild Passage of scope with mild
resistance
Moderate Passage of scope with moderate
resistance
Severe Pinhole stricture, not traversable to
endoscope
Number Single
Multiple
Complexity Simple
Complex with Fistula and/or abscess
associated - - e
. Prestenotic luminal dilation
conditions

NSAID, Nonsteroidal antiinflammatory drug.

and long-term outcome. For example, the treatment approach and outcome for the primary (or disease related) and sec-
ondary (surgery or medicine related) strictures are different.

Stricture is evaluated and diagnosed based on a combined assessment of clinical presentation, imaging, and endos-
copy. The presence or absence, and degree and length of stricture on abdominal imaging and on endoscopy are not nec-
essarily correlated. Endoscopy plays a key role in the assessment of degree, number, length, and associated mucosal
inflammation as well as delivery of therapy (such as balloon dilation and ESt) in patients with strictures [5].

Esophageal and gastroduodenal stricturing Crohn’s disease

Isolated involvement of the esophagus CD is rare. Often esophageal strictures in patients with CD result from the use
of medications (such as nonsteroidal antiinflammatory drugs and potassium tablets) or metabolic complications [such as
iron deficiency (Fig. 5.1)]. Superimposed viral, bacterial, or fungal infection in the esophagus may manifest as esoph-
ageal ulcers but rarely as strictures.

The most common location of stricturing CD of the stomach is the pylorus or prepyloric area, which can occur in
isolation or concurrently with gastroduodenal CD. Pyloric narrowing can manifest as nonulcerated tight stenosis or
ulcerated stricture, ranging from 1 to 3 cm in length. Concurrent pre- or postpyloric nodularity or ulcers may be present
(Fig. 5.2). Severe pyloric or prepyloric stenosis is often associated with gastric outlet obstruction. Extreme precaution
should be taken to avoid aspiration during endoscopy. Since medical and surgical treatment options of CD-associated
pyloric strictures are limited, endoscopic therapy has been explored. EBD, ESt with needle knife or insulated-tip knife,
and topical injection of botulin toxin have been used by this author’s team (Figs. 5.2D and 5.3). For patients with symp-
tomatic persistent gastric outlet obstruction, ventilation gastrostomy tube may be helpful.

Duodenum CD can present with inflammation, ulcers, or stricture on endoscopy. The most common location of stric-
turing CD in the duodenum is at the cap, that is, the junction between the first and second portions. Concurrent duodenum
inflammation may be present or absent. Duodenum strictures may be subtle or severe, with normal, edematous, or ulcer-
ated overlying mucosa (Fig. 5.4). While concurrent mucosal or transmural inflammation may respond to aggressive medi-
cal therapy, duodenum strictures, particularly fibrotic stricture, poorly respond to medications. On the other hand, surgical
strictureplasty or bypass with gastrojejunostomy has been performed for long, medically refractory duodenum strictures
(Fig. 8.21). EBD [6,7] or ESt [8] may be attempted in short duodenum strictures (<3 cm) (Fig. 5.5).
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FIGURE 5.1 Esophageal stricture from iron deficiency
(Plummer—Vinson syndrome) in Crohn’s disease. (A and B)
Web-like tight stricture undergoing endoscopic balloon dilation
and (C) multiple esophageal strictures in barium esophagram.

FIGURE 5.2 Pyloric stenosis in gastric
Crohn’s disease. (A) Severe ulcerated pyloric
stricture; (B) nodular and strictured pyloric
channel; (C) inflammatory, nonulcerated pylo-
ric stricture; and (D) endoscopic stricturotomy
of pyloric stricture with needle knife.

Deep small bowel stricturing Crohn’s disease

Endoscopic and histologic evaluation of jejunal and ileal CD require deep enteroscopy mainly with device-assisted
endoscopy, which is described in a separate chapter (see Chapter 18: Enteroscopy in inflammatory bowel disease and
inflammatory bowel disease—like conditions).

lleal stricturing Crohn’s disease

The distal or terminal ileum is the most common location of CD with L1 and L3 disease. A segmental distribution
of diseases in the small bowel is common (Fig. 5.6). The stricture can be short or long, single or multiple. There are
various other features of primary, disease-associated strictures, including ulcerated and nonulcerated strictures,
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FIGURE 5.3 Pyloric stricture in gastric CD.
(A) Ventilation gastrostomy button tube in a
patient with CD-associated pyloric stenosis;
(B) a close view of nonulcerated pyloric steno-
sis; (C) botulin toxin injection into pyloric ste-
nosis; and (D) endoscopic balloon dilation of
pyloric stenosis. CD, Crohn’s disease.

FIGURE 5.4 Duodenal stricture resulting
from Crohn’s disease. (A) Mild stricture in the
junction between the first and second portions
of duodenum, that is, the duodenum cap; (B)
asymmetric inflammatory stricture at the duo-
denum cap with surrounding nodular mucosa;
(C) a close view of a web-like stricture at the
second portion of duodenum; and (D) retained
gastric from the duodenum stricture-associated
partial outlet obstruction.

2042017
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inflammatory and fibrostenotic strictures (Figs. 5.7—5.10). This author has noticed a growing number of patients with
nonulcerated, spindle-shaped strictures, especially in those with “mucosal healing” by a long-term biological therapy
(Figs. 5.10 and 5.11). It is speculated that this type of stricture results from tissue healing and remodeling from the med-
ical therapy. It is also important to document the presence or absence of bowel inflammation in pre- and poststenotic
segments, and the presence or absence of prestenotic luminal dilation (Figs. 5.11—5.13). Distinction between inflamma-
tory and fibrotic stricture can be difficult, even with radiographic features, such as mucosal hyperenhancement.
Sometimes, the distinction has to be made by the treating endoscopist on site. Inflammatory strictures typically are fria-
ble, even with gentle endoscope contact. Local trauma resulting from endoscopic therapy is more severe in



FIGURE 5.5 Duodenum strictures and endo-
scopic therapy. (A and B) A 1-cm-long, asym-
metric, nonulcerated stricture at the proximal
second portion of the duodenum, treated with
18-mm through-the-scope balloon dilation.
Notice the mucosal tear after the treatment
[green arrow in (B)]. (C and D) A 2-cm-long
nonulcerated fibrotic stricture at the duodenum
cap, treated with endoscopic stricturotomy.

FIGURE 5.6 Classic small bowel
strictures in Crohn’s disease in sur-
gically resected specimen. (A and
B) Skip lesions with long strictures
[green arrows in (B)] and fat
creeping at the mesentery border.

FIGURE 5.7 Inflammatory strictures in
distal small bowel Crohn’s disease. (A)
Tight, edematous, nonulcerated stricture;
(B) web-like, asymmetric, mild stricture,
with ulcer (green arrow); and (C and D)
inflammatory polyps leading to luminal
narrowing.
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FIGURE 5.8 Patterns of ulcerated stric-
tures in distal small bowel Crohn’s dis-
ease. (A) Longitudinal ulcers across the
stricture; (B and C) superficial, circumfer-
ential (B) or semicircumferential (C)
ulcers on the stricture; and (D) edematous
and ulcerated stricture.

FIGURE 5.9 Patterns of primary stric-
tures in Crohn’s disease. (A) Multiple
ring-shaped, nonulcerated strictures along
the folds, from tissue healing after biologi-
cal therapy; (B) mild stricture with a large
ulcers; (C) inflammatory asymmetric stric-
ture with edema and exudates; and (D)
severe inflammatory stricture with friable
tissue.

inflammatory strictures than fibrotic strictures (Figs. 5.14 and 5.15). Our previous studies showed that ESt was more
effective and carried a lower risk for perforation, but a higher risk for bleeding, than EBD [9].

There can be hidden enteric fistulae which originate from diseased bowel segment proximal to the stricture.
The bowel lumen around the fistula, proximal to the stricture may or may not be dilated (Fig. 5.13). Therefore
cross-sectional imaging, such as computed tomography and magnetic resonance imaging, should be obtained prior to
diagnostic and therapeutic endoscopy.
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FIGURE 5.10 Nonulcerated distal small
bowel strictures in Crohn’s disease. Those
types of strictures typically result from tis-
sue injury, remodeling, and healing with
biological therapy. (A) Nonulcerated short
fibrotic stricture; (B and C) close view of
short, nonulcerated, severe, spindle-
shaped, fibrotic strictures; and (D) severe,
nonulcerated, edematous stricture.

FIGURE 5.11 Mixed fibrotic and inflammatory stric-
tures in distal small bowel Crohn’s disease. (A)
Nonulcerated stricture with overlying normal mucosa
with a history of use of antitumor necrosis factor; (B)
normal diameter of bowel lumen proximal to the stricture.
The mucosa was also normal; and (C) narrowed lumen
(3-cm stricture) at the distal ileum with mucosal hyperen-
hancement. Prestenotic bowel lumen was dilated (green
arrow).

FIGURE 5.12 Fibrotic stricture at the terminal ileum in
Crohn’s disease with prestenotic luminal dilation. (A)
Tight, nonulcerated fibrotic stricture resulting from long-
term use of antitumor necrosis factor antagonists; (B)
dilated bowel lumen proximal to the stricture; (C) dilated
loop of bowel (blue arrows) proximal to the stricture
(green arrow), with a fecal bezoar trapped (yellow
arrow).



FIGURE 5.13 Stricture and hidden fistula at the distal
ileum in Crohn’s disease. (A) Web-like stricture, 3 cm
proximal to the ICV; (B) another 5-cm-long stricture,
15 cm from ICV; (C) proximal to the two strictures, there
was an enteroenteric fistula (ileoileal fistula on CT enter-
ography) (green arrow). ICV, ileocecal valve.

FIGURE 5.14 Fibrotic and inflammatory
strictures in distal small bowel Crohn’s
disease. (A and B) 2-cm, nonulcerated
fibrotic stricture, which was dilated with
balloon. Notice large, superficial tear after
the therapy; (C and D) 2-cm mixed inflam-
matory (with edema) and fibrotic stricture,
which was dilated with the same size bal-
loon, resulting in a deeper tear with more
bleeding.

FIGURE 5.15 Endoscopic stricturotomy
of distal ileum strictures in Crohn’s dis-
ease. (A and B) Tattooed 2-cm, nonulcer-
ated inflammatory stricture, treated with
stricturotomy in a circumferential fashion;
(C and D) mixed inflammatory and fibro-
tic, ulcerated stricture, which was treated
with stricturotomy in a radial fashion.
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Stricturing ilececal valve in Crohn’s disease

Ileocecal valve (ICV) is a commonly affected location of CD. Patients with distal ileum CD often have coexisting
inflammatory or strictured ICV. CD may affect ICV only. Endoscopic presentations of ICV stricturing CD vary, ranging
from inflammatory stricture or fibrotic stricture at the valve to a nodular deformed valve (Figs. 5.16—5.22). Patients
with ICV stricturing CD have various degrees of inflammation, fibrosis, or deformity at a certain degree. ICV valve
strictures can be long or short. Endoscopic therapy with balloon dilation or stricturotomy may be attempted in the
majority of patients (Figs. 5.16—5.20 and 5.22).

FIGURE 5.16 Inflammatory stricture at
the ICV in Crohn’s disease. (A) Tight,
edematous ICV; (B) balloon dilation of the
strictured ICV; and (C and D) tearing to
the level of muscularis propria resulting
from the endoscopic therapy. ICV,
Ileocecal valve.

FIGURE 5.17 Fibrotic stricture at the
ileocecal valve (ICV) in Crohn’s disease in
two patients. (A and B) Fibrotic stricture
at ICV, which was treated with endoscopic
stricturotomy, followed by the placement
of endoclips to keep the luminal patency;
(C and D) A separate patient had tight,
fibrotic ICV stricture undergoing endo-
scopic stricturotomy with needle knife. (C)
The whole wall of ICV was fibrotic. ICV,
Ileocecal valve.
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FIGURE 5.18 Deformed and strictured
ICV in Crohn’s disease. (A) Pinhole stric-
ture at ICV; (B) near complete sealed
ICV; (C) ulcerated and nodular stricture at
ICV; (D) attempt to the dilation of an ICV
stricture. These patterns of ICV strictures
are different from backwash ileitis in
ulcerative colitis or intestinal tuberculosis.
ICV, Tleocecal valve.

FIGURE 5.19 Deformed and strictured
ICV in Crohn’s disease. (A) Mixed inflam-
matory and fibrotic, nonulcerated ICV
stricture with a long-term use of antitumor
necrosis factor agent; (B) narrowed ICV
from an inflammatory polyp; (C) balloon
dilation of stricture ICV from a polypoid
lesion; (D) deformed, nonulcerated, and
narrowed ICV undergoing balloon dilation.
ICV, Tleocecal valve.

Isolated stricturing CD in ICV may be present in patients with or without prior medical therapy. Pure inflammatory
(as opposed to mixed or fibrotic) strictures in ICV are rare (Fig. 5.17). Therefore the role of medical therapy for
ICV strictures resulting from CD is limited. However, this author believes that some isolated fibrotic, stricturing ICV
may represent a form of “achalasia” of the location, which may share etiopathogenetic process with achalasia in the
esophagus. Similar to myotomy for achalasia of the esophagus, endoscopic valvectomy may offer a cure for selected
patients with isolated ICV stricturing CD (Fig. 5.22) [10].



FIGURE 5.20 Deformed ICV in isolated
Crohn’s disease. (A) Nodular and nar-
rowed ICV; (B and C) Endoscopic balloon
dilation of the deformed ICV; and (D) nor-
mal terminal ileum proximal to ICV. This
pattern of ICV disease should be differen-
tiated from intestinal tuberculosis and
intestinal lymphoma. /CV, Ileocecal valve.

FIGURE 5.21 Enteric fistula hidden beyond deformed
and strictured ICV in Crohn’s disease. (A) Deformed,
strictured, and edematous ICV; (B and C) enteroenteric
fistula was demonstrated near ICV on CT enterography
(green arrows). Preprocedural cross-sectional imaging is
important when endoscopic intervention, such as balloon
dilation or stricturotomy, is planned. ICV, Ileocecal
valve.

FIGURE 5.22 Fibrostenotic ICV
in Crohn’s disease. (A) Tight ICV
with granular overlying mucosa, a
similar pattern to achalasia at the
gastroesophageal junction; (B) few
aphthous erosions of the terminal
ileum; (C) treatment with endo-
scopic stricturotomy, an equivalent
to myotomy for achalasia; (D) res-
olution of erosions of the terminal
ileum after the endoscopic therapy.
ICV, Tleocecal valve.
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Large bowel and anal stricures in Crohn’s disease

Approximately 10%—15% of the patients with CD have colon disease only (L2 in the Montreal classification). In
patients with Crohn’s colitis, strictures are common, which can affect any parts of the large bowel. Like small bowel
stricturing CD, colonic strictures can be mild or severe, short or long, ulcerated or nonulcerated, inflammatory or fibro-
tic, and benign or malignant (Figs. 5.23 and 5.24). EBD or ESt may be attempted in patients with single, short, and
fibrotic colonic strictures (Figs. 5.23B and 5.24).

FIGURE 5.23 Patterns of primary
colonic strictures in Crohn’s disease. (A
and B) Ulcerated primary colonic stricture
treated with endoscopic stricturotomy; (C)
mild, nonulcerated colon stricture with
small erosions in the distal segment of the
bowel; and (D) mild, long segment of
stricture with serpiginous ulcers across the
narrowed bowel lumen.

FIGURE 5.24 Distal rectal strictures in
CD. These strictures can occur isolated or
be a part of perianal CD. Patients may also
have concurrent dyssynergic defecation,
prolapse, or intussusception. (A and B)
Distal rectal inflammatory stricture under-
going endoscopic  stricturotomy  with
insulated-tip knife and (C and D) a similar
distal rectal stricture in a separate patient
undergoing endoscopic balloon dilation
therapy. CD, Crohn’s disease.
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FIGURE 5.25 Anal strictures in CD. The
stricture is commonly located at the anal
transition zone or anal canal. Notice white
squamous epithelia in the distal portion of
the stricture. (A and B) Tight, mixed
inflammatory and fibrotic strictures and (C
and D) long, severe, smooth, nonulcerated
stricture undergoing endoscopic stricturot-
omy with a needle knife. CD, Crohn’s
disease.

Anal ulcers and strictures may or may not be correlated with luminal CD. The presence of anal ulcers or strictures
normally indicates the presence of aggressive form of CD [11,12]. Anal strictures can be covered with columnar or
squamous epithelia, or both. The strictures are often of ulcerated type and can be mild or severe and short or long.
Bougie dilation, EBD or ESt can be performed in patients with anal strictures (Fig. 5.25). ESt may be safer and more
effective than bougie or balloon dilation, with a lower risk for iatrogenic trauma to nearby organs, such as the vagina
[8]. CD-associated malignancy should be excluded in patients with refractory anal strictures.

Anal strictures can be a part of perianal CD, which is described further in a separate chapter (see Chapter 7:
Endoscopic evaluation of perianal Crohn’s disease).

Summary and recommendation

Stricturing in CD can occur anywhere from the esophagus to anus. A careful endoscopic examination may help to dis-
tinguish inflammatory strictures from fibrotic strictures. The distinction is important as the inflammatory stricture may
have room for medical therapy, and fibrotic stricture needs to be treated with endoscopic or surgical intervention.
Cross-sectional imaging should be periodically performed before diagnostic and therapeutic endoscopy to provide a
road map for the stricturing disease and its possible complications. With an extensive use of biological agents in CD, a
growing number of patients develop nonulcerated, spindle-shaped strictures in the small and large bowels. It is impor-
tant to endoscopically document number, degree, type, location, distribution, and length of strictures.
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Abbreviations

CDh Crohn’s disease

CT computed tomography

EBD endoscopic balloon dilation

ECF enterocutaneous fistula

EEF enteroenteric fistula

ESt endoscopic stricturotomy

EVF enterovesical fistula

IBD inflammatory bowel disease

ISF ileosigmoid fistula

MRI magnetic resonance imaging

PVF pouch vaginal fistula
RVF rectal vaginal fistula

Introduction

A fistula is defined as a pathologic channel connecting two or more epithelialized surfaces. While abdominal imaging,
such as computed tomography (CT), magnetic resonance imaging (MRI) and small bowel series, and enterclysis, is the
main stay for the diagnosis of fistula, endoscopy can provide important information on the primary and secondary open-
ings in the bowel and status of inflammation around the orifices. Endoscopy may be combined with examination under
anesthesia for the diagnosis of fistulas, especially perianal fistulae. Approximately 14%—50% of the patients with
Crohn’s disease (CD) present or eventually present with fistulae [1—3]. Perianal fistula or abscess can also occur in
patients with ulcerative colitis [4]. Furthermore, fistula can develop after surgery for inflammatory bowel disease
(IBD), with main cause being anastomotic leaks. Therefore fistulas in IBD can be primary (i.e., disease-associated) or
secondary (e.g., anastomotic or suture-line leak associated). Fistulizing CD with the formation of abscess has been con-
sidered the ultimate adverse complication of the disease. While fistula can be the initial presentation of patients, the for-
mation is preceded by transmural inflammation and stricture formation in the downstream bowel segment. We believe,
“no inflammation, no stricture; and no stricture, no fistula.” For example, ileosigmoid fistula (ISF) is often associated
with terminal ileum or ileocecal valve (ICV) strictures (Fig. 6.1).

CD-associated perianal fistula is discussed in a separate chapter (Chapter 7: Endoscopic evaluation of perianal
Crohn’s disease). The classification of CD-associated fistula is proposed (Table 6.1).
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FIGURE 6.1 Ileosigmoid fistula
associated with ICV stricture in
Crohn’s disease: (A) illustration of
relationship between ICV stricture
and ileosigmoid fistula; (B) ileo-
sigmoid fistula (green arrow); (C)
primary orifice of the fistula at the
distal ileum with chronic inflam-
matory changes of adjacent
mucosa; (D) strictured ICV; and
(F) secondary orifice of the fistula

lleosigmoid

fistula

valve.

TABLE 6.1 Classification of inflammatory bowel disease—associated fistula.

Category

Subcategory

Examples

Etiology

Primary or disease
associated

Crohn’s disease—associated enterocutaneous fistula

Secondary or
anastomotic

Enterocutaneous fistula from ileocolonic anastomosis
leak, parastomal enterocutaneous fistula

Underlying diseases

Crohn’s disease

Crohn’s disease—associated jejuno-colonic fistula

Ulcerative colitis

Mucus fistula from Hartmann pouch after subtotal
colectomy

Ileal pouch Enterocutaneous fistula from the tip of the “)” of the
pouch to skin
Symptomatology Dry
Draining
Abscess * systemic
symptoms
Organ involved Gut-to-gut Gastro-colonic fistula, ileosigmoid fistula, duodeno-

colonic fistula, pouch—pouch fistula

Gut-adjacent hollow
organs

Rectal vaginal fistula, ileal pouch—bladder fistula,
esophagobroncheal fistula

Gut-to-skin Enterocutaneous fistula
Length Short <3 cm
Long =3 cm
Depth (from lumen of fistula track to bowel Shallow <2cm
lumen) Deep =2cm
Concurrent inflammation adjacent to the Absent
primary orifice of fistula Present
Concurrent stricture Absent
Present
Complexity Simple Single track
Complex Multiple, branched, multiexit, associated abscess
Malignant potential Benign

Malignant

Adenocarcinoma, squamous cell carcinoma

with nodularity. ICV, Ileocecal
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Enteroenteric fistula

It is estimated that one-third of patients with CD may eventually developed enterocutaneous fistula (ECF). Common
enteroenteric fistula (EEF) include ileoileal, ileocolonic, jejunoileal or ileojejunal, duodeno-colonic, and pouch—pouch
fistulae. The origin of the first can be small bowel or large bowel. However, EEF from the small bowel to large bowel
often presents with the former being the origin and the latter being the target organ, such as ileocolonic or duodeno-
colonic fistula. EEF often coexists with bowel inflammation around the primary orifice of the fistula and with stricture(s)
of intestine distal to the primary fistula opening (Figs. 6.1 and 6.2). The stricture often prevents the passage of endo-
scope. Therefore therapy with endoscopic balloon dilation (EBD) or endoscopic stricturotomy (ESt) may be needed to
get access to the bowel segment at which the orifice of EEF is located. The primary opening of the originating bowel in
EEF is typically small, which is often accompanied by adjacent mucosal inflammation (Figs. 6.1 and 6.2). However, the
primary orifice can be insidious and difficult to identify (Fig. 6.3). Therefore cross-sectional abdominal imaging, such as
CT and MRY], is routinely performed in those with a clinical suspicion of penetrating CD with or without complications.

FIGURE 6.2 Another ileosig-
moid fistula: (A) primary orifice of
the fistula at the terminal ileum
with adjacent edematous mucosa;
(B) ileocecal valve stricture, distal
to the fistula opening at the termi-
nal ileum; (C) secondary or exit
orifice of the fistula at the sigmoid
with pus drainage; and (D and E)
the fistula on computed tomogra-
phy enterography (green arrows).

FIGURE 6.3 Hidden enteric fistula in
Crohn’s disease: (A and B) no visible
lesions on ileocolonoscopy in a patient
with ileal Crohn’s disease who has been
on long-term therapy with mesalamine
and (C) ileo-mesenteric fistula on mag-
netic resonance enterography (green
arrow).
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The secondary or exit orifice in the target organs, such as the sigmoid colon in ISF or vagina in rectal vaginal fistula
(RVF) or pouch vaginal fistula (PVF), typically has minimal or no inflammation surrounding mucosa (Fig. 6.4).
However, the exit orifice or may have nodularity or even have small inflammatory polyps (Figs. 6.1 and 6.2).

Due to the nature of underlying chronic transmural disease process, free perforation with peritonitis in CD is not
common. The chronic penetrating disease may present with fistula, sinus, or abscess to nonhallow organs, such as psoas
muscle (Fig. 6.5) and mesentery (Fig. 6.3). The origin of fistula could be CD or anastomotic leak. The orifice of the pri-
mary opening of fistula can be obvious (Figs. 6.1 and 6.2) or insidious (Fig. 6.3) on endoscopy.

FIGURE 6.4 Ileosigmoid fistula in
Crohn’s disease: (A) primary orifice of the
fistula at the terminal ileum and (B—D)
secondary or exit orifice of the fistula at
the sigmoid, detected with a soft-tip guide
wire and tattooed. Notice that the sigmoid
colon is a target organ with minimum
inflammation.

FIGURE 6.5 Ileocolonic anastomosis
leak leading to psoas abscess in Crohn’s
disease: (A) bulging mass lesion at the
right lower quadrant with draining pus
from the anastomotic leak; (B and C)
attempted CT-guided drainage of the
psoas abscess; and (D) endoscopic place-
ment of pigtail stent for the drainage of
the abscess. CT, Computed tomography.
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FIGURE 6.6 Ileocolonic fistula with
endoscopic fistulotomy: (A) ileocolonic
fistula across the ileocecal valve, detected
by a soft-tip guide wire; (B) endoscopic
fistulotomy with insulated-tip knife; and
(C and D) complete excised fistula track,
with placement of endoclips to keep the
fistula from reformation and to prevent
bleeding and perforation.

FIGURE 6.7 Peripouch fistula and
abscess in Crohn’s disease: (A and B)
pouch—pouch fistula with draining pus,
resulting from chronic anastomosis leak,
which was detected with a soft-tip guide
wire and (C) the presacral abscess on CT
enterography  (green  arrow). CT,
Computed tomography.

Since EEF is often associated with intestinal stricture distal to the originating bowel segment, such as stricture at the
ICV with ISF, endoscopic therapy with EBD or ESt of the stricture may help reduce the drainage of ISF or the risk of
fistula-associated abscess. In addition, shallow, short EEF, such as ileo-cecal fistula, may be treated with endoscopic
fistulotomy (Fig. 6.6) [5]. Patients with pouch-to-pouch fistula with or without concurrent abscess can be managed
endoscopically with fistulotomy (Fig. 6.7).

Enterocutaneous fistula

ECF can result from underlying CD (primary ECF) or anastomotic leak or ischemia (secondary). The diseased bowel of
the origin of ECF can be the duodenum, jejunum, ileum, colon, or rectum. In patients with CD, ECF commonly
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FIGURE 6.8 ECF from ileocolonic anas-
tomosis leak: (A) exit orifice of ECF at
the skin side; (B) ileocolonic anastomosis
with sutures; (C) detection of the primary
orifice of ECF from the anastomosis, by a
soft-tip guide wire; and (D) the fistula
track on computed tomography enterogra-
phy (green arrow). ECF, Enterocutaneous
fistula.

FIGURE 6.9 Paracolostomy enterocuta-
neous fistula in Crohn’s disease: (A)
colostomy was created for refractory peri-
anal Crohn’s disease. The external open-
ing of the fistula along the side of the
stoma (green arrow); (B) the internal
opening of the fistula 7cm from the
stoma, at the fascia level, (C) normal
proximal colon and ileum; and (D) the
enterocutaneous fistula on CT enteroscopy
(vellow arrow). CT, Computed
tomography.

responds to medical therapy, particularly to antitumor necrosis factor agents, more favorably than EEF and other
entero-hollow organ fistulae [6]. In addition, disease-associated ECF responds better to the medical therapy than anasto-
motic leak—associated ECF (Fig. 6.8) or mechanical factor—associated ECF (such as those at the ileostomy or colos-
tomy site) (Fig. 6.9). The prognosis is worse in those with ECF originating from the duodenum or jejunum than those
with ECF from the distal ileum or colon [7]. ECF can occur in patients with ileostomy or colostomy. The internal ori-
fice of ECF in patients with ostomies is often located at the fascia level (Fig. 6.9). ECF can also occur in patients with
colectomy and Hartmann pouch (i.e., diverted rectum). The origin of fistula is the leak at the sutured or stapled rectal
stump (Figs. 6.10 and 6.11). Often ECF is intentionally recreated as a mucus fistula to prevent pelvic abscess, in the set-
ting of colectomy and Hartmann pouch.
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FIGURE 6.10 Enterocutaneous fistula from stump
leak of the Hartmann pouch, that is, diverted rectum:
(A) exit orifice at the skin level with administration of
betadine; (B) leak at the Hartmann pouch on endoscopy
(blue arrow); and (C) fistula track on fistulogram with
contrast instilled from the orifice at the skin.

FIGURE 6.11 Enterocutaneous
fistula from the rectum stump in
Crohn’s disease: (A) exit orifice of
the fistula in the mid abdomen,
with a drainage tab; (B) diverted
rectum or Hartmann pouch with
spontaneous bleeding; and (C)
antegrade fistulogram showed a
long fistula track from skin to the
top of the rectum (green arrow).

The recognition of the internal opening of ECF can be challenging. The administration of betadine, methylene blue,
or hydrogen peroxide (Fig. 6.10), or probing with of a soft-tip guide wire (Fig. 6.8) via cutaneous orifice of ECF at the
time of endoscopy, often helps identify the internal orifice.

The purpose of endoscopic identification of the internal opening of ECF is to potentially delivery therapy, such as
clipping [8,9]. Otherwise, for the diagnosis purpose only, cross-sectional imaging or fistulogram would provide better
characterization of ECF (Figs. 6.8—6.11).
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Enterovesical and entero-vaginal fistulae

FIGURE 6.12 Sigmoid colon —bladder
fistulae: (A) fistula opening at the sigmoid
colon, surrounded by a converged mucosa
folds (green arrow); (B and C) thickened
bladder wall with the fistula track inside
(vellow arrows); and (D) inflammatory
mass with fluid collection at the right
aspect of the bladder resulting from
Crohn’s disease in the sigmoid colon (red
arrow).

FIGURE 6.13 Ileal pouch—bladder fis-
tula: (A) normal configuration of proximal
ileal J pouch with two openings, with one
leading to the afferent limb and the other
heading to the tip of the “J”; (B and C) a
leak at the tip of “J” (green arrow), which
was treated with endoclips; and (D) thick-
ened bladder wall with air pocket inside
(yellow arrow).

The anatomy of the pelvis dictates the close relation between pelvic organs in the healthy and diseased. CD in the distal

bowel or anus may involve adjacent organs, such as urinary bladder and vagina.

Enterovesical fistulae (EVF) in CD are rare. The diagnosis of EVF is mainly based on clinical presentation (e.g.,
pneumaturia, fecaluria, or recurrent urinary tract infection), laboratory testing (e.g., urine culture), and abdominal imag-
ing. On cross-sectional imaging, there can be thickened bladder wall, mass-like lesion in the bladder, fistula track across
bladder wall, or intra- or peribladder abscess. The primary opening of EVF in the distal large bowel may be identified
through colonoscopy (Fig. 6.12). Vesical fistula can also result from surgical leak, such as the leak the tip of the “J” in
patients with ileal pouch—anal anastomosis. Small fistula may be treated with endoscopic clipping (Fig. 6.13).
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FIGURE 6.14 Patterns of vaginal fistula
in Crohn’s disease. (A and B) Rectal vagi-
nal fistula. The primary opening of the fis-
tula is surrounded with mucosal
inflammation (A). The exit opening at the
proximal vagina on vaginoscopy (B). (C)
Rectal vaginal fistula with the primary ori-
fice at the rectum on endoscopic retroflex
view. There is no concurrent inflammation
in the distal rectum. (D) Ileal pouch vagi-
nal fistula in a patient with Crohn’s dis-
ease of the pouch. The primary opening at
the anal transition zone of the pouch, with
adjacent cuffitis (green arrow).

FIGURE 6.15 Patterns of vaginal fistula
in Crohn’s disease: (A) primary opening
of the fistula at the dentate line (green
arrow); (B) primary opening of the fistula
at the distal rectum on endoscopic retro-
flex view, surrounded by nodular mucosa
(yellow arrow); and (C and D) primary
opening of the fistula at the distal rectum
with adjacent prolapsed mucosa (blue
arrow). Endoclips were placed for tempo-
rary symptom relief.

CD-associated vaginal fistulae have posed one of greatest challenges for medical, endoscopic, or surgical therapy.
The origin of fistulae can be rectum (i.e., RVF), anal canal (i.e., anal rectal fistula), or ileal pouch (i.e., PVF)
(Figs. 6.14—6.16). Endoscopic evaluation of the anorectum, along with imaging and examination under anesthesia,
plays a key role in the identification of the internal opening of the fistula. Anovaginal fistula should be distinguished
from RVF, as their treatment modalities are different.

The underlying etiology could be disease process of CD, iatrogenic trauma from endoscopic or surgical procedures,
or cryptoglandular source. An accurate assessment of the anatomotic location, shape of fistula opening, and adjacent
inflammation may help the distinction. Colonoscopy, flexible sigmoidoscopy, proctoscopy, or pouchoscopy may be per-
formed in combination with vaginoscopy (Fig. 6.14B). Endoscopic features of the size, shape, and location of the
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FIGURE 6.16 Patterns of vaginal fistula
in Crohn’s disease: (A) fistula opening at
the anal canal (blue arrow); (B) fistula
opening at the anal canal covered with an
inflammatory nodule (yellow arrow); (C)
seton in place as a part of treatment for
anal vaginal fistula (blue arrow); and (D)
recurrent fistula after multiple attempts of
surgical repair (red arrow).

internal opening of the fistula, and adjacent mucosa, should be carefully documented. Endoscopic clipping (Fig. 6.15D)
or seton placement (Fig. 6.16C) can be performed along with diagnostic evaluation.

Summary and recommendations

Penetrating CD with or without formation of abscess is considered an end of the phenotype spectrum. Although abdom-
inal imaging is the main diagnostic modality, endoscopy plays an important role in the diagnosis, differential diagnosis,
and prognosis, and, in selected patients, treatment. Accurate classification of CD fistula is also important for the man-
agement. Endoscopy may help identify the internal opening of fistulae and disease conditions around the fistula. The
characteristics of fistula opening and adjacent bowel may also help distinguish the etiology of fistula.
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Abbreviations

AGA the American Gastroenterological Association
CD Crohn’s disease

CT computed tomography

pCD perianal Crohn’s disease

EUA examination under anesthesia

IPAA ileal pouch—anal anastomosis

MRI magnetic resonance imaging

PVF pouch-vaginal fistula

RVF rectovaginal fistula

Introduction

Perianal fistulas are the most common phenotype of penetrating Crohn’s disease (CD), with a prevalence of 20%—24%
in the patients with CD [1,2]. The cumulative incidence was estimated to be 12% and the incidence to be 0.7 per 100
patient-years [2]. The terms of perianal fistulizing CD and perianal CD (pCD) have been used interchangeably. pCD
can be associated with strictures, abscesses, perianal skin lesions, and even malignant changes, Diagnostic evaluation of
pCD has been largely relied on cross-sectional imaging [such as computed tomography (CT), magnetic resonance imag-
ing (MRI), transanal ultrasound] or contrasted fistulography. For both diagnostic and therapeutic purposes, examination
under anesthesia (EUA) is routinely performed. Based on clinical, radiographic, or operative features, various classifica-
tions have been proposed [3—13]. The most commonly used is the Parks’ classification (Table 7.1) [2], St. James
Hospital classification (Table 7.2) [5], and the American Gastroenterological Association (AGA) classification
(Table 7.3) [6], which mainly delineate characteristics of perianal fistulas (e.g., route and number of openings) in rela-
tionship to the internal and external anal sphincters. To assess patients’ quality of life (i.e., pain or restructure of physi-
cal and sexual activities) and perianal disease activity (i.e., fistula discharge, type of perianal disease, and perianal
induration), investigators have proposed the Perianal Crohn’s Disease Activity Index in a graded scale [14]. In addition,
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TABLE 7.1 Parks classification [2].

Superficial Superficial fistula without crossing any sphincter or muscular structure

Intersphincteric Fistula tract between the internal and external anal sphincters in the intersphincteric space

Transsphincteric Fistula tract crosses the external anal sphincter

Suprasphincteric Fistula tract penetrates the intersphincteric space and continues over the top of the puborectalis
and penetrates the levator muscle before reaching the skin

Extrasphincteric Fistula tract outside the external anal sphincter and penetrating the levator muscle

TABLE 7.2 St. James’ Hospital classification [5].

Grade 1 Simple linear intersphincteric fistula

Grade 2 Intersphincteric fistula with intersphincteric abscess or secondary fistulous tract

Grade 3 Transsphincteric fistula

Grade 4 Transsphincteric fistula with abscess or secondary tract within the ischioanal or ischiorectal fossa
Grade 5 Supralevator or translevator disease

TABLE 7.3 The American Gastroenterological Association classification [6].

Simple fistula Low (superficial or low intersphincteric or low transsphincteric origin of the fistula tract)
Single external opening

No pain or fluctuation to suggest perianal abscess

No evidence of a rectovaginal fistula

No evidence of anorectal stricture

Complex fistula High (high intersphincteric or high transsphincteric or extrasphincteric or suprasphincteric origin of the fistula
tract)

Multiple external openings

Presence of pain or fluctuation to suggest a perianal abscess

Rectovaginal fistula

Anorectal stricture

imaging-based classification of pCD has been proposed (Table 7.4) [11]. The pros and cons of the various classifica-
tions are appraised (Table 7.5) [15].

The role of conventional endoscopy in the evaluation of pCD has been peripheral, mainly for the identification of
the primary or internal opening of fistula or concurrent proctitis, distal bowel or anal strictures, or pouchitis or cuffitis
(in patients with ileal pouches). An endoscopic evaluation may also help to identify pCD-associated adenocarcinoma or
squamous cell cancer [16]. However, the role of endoscopy has been evolving from a diagnostic modality to a tool of
delivery of therapy. Endoscopic documentation of perianal or perineal skin lesions would provide additional “bonus.”
Therefore a new Columbia Classification of Perianal Crohn’s Disease is here proposed (Table 7.6). The contents of this
chapter will follow the framework of this classification.

Etiologies of perianal Crohn’s disease

The pathogenesis of pCD is not entirely clear. It is believed that increased production of proinflammatory factors, such
as transforming growth factor 3, tumor necrosis factor, as well as interleukin-13 induce epithelial-to-mesenchymal tran-
sition and upregulation of matrix metalloproteinases, resulting in tissue remodeling and fistula formation [15]. Although
the perianal disease is a form of presentation of CD, not all pCD results solely from the underlying disease process.
Perianal fistula and perianal abscess can result from surgical staple line or suture line leaks, or cryptoglandular source.
The characterization of the internal opening of the fistula and the status of inflammation in the distal large bowel or
anal canal are important for the differential diagnosis.
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TABLE 7.4 The 22-point magnetic resonance imaging—based Van Assche index for perianal disease activity [12].
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Descriptor

Categories

Scoring

Number of fistula tracts

None

0

Single, unbranched

1

Single, branched

Multiple

2
3

Location

Extrasphincteric or intersphincteric

Transsphincteric

Suprasphincteric

w | N

Extension

Infralevatoric

=

Supralevatoric

Hyperintensity on T2-weighted images

Absent

Mild

Pronounced

Collections (cavities >3 mm in diameter)

Absent

Present

Rectal wall involvement

Normal

Thickened

N]O || O]®|R]|O|NN

TABLE 7.5 Pros and cons of different clinical and imaging indices for measuring fistula activity.

Index

Pros

Cons

PCDAI

® Simple to apply in clinical practice
® Validated against physicians’ and patients’
global assessment

® Limited to clinical assessment, no objective
measurement of healing

Anal disease activity index

® Includes parameters to assess disease ® [ncomplete evaluation of manifestations of

activity

perianal disease
® Not validated

Fistula drainage
assessment

® Simple to use
® Accepted by regulatory agencies as an
endpoint

® Limited to clinical assessment, no objective
measure of healing
® Fistula compression is investigator dependent

MRI score (Van Assche)

® Partially validated (against PCDAI) ® Limited to clinical assessment, no objective

® Combined assessment of activity and
complexity of fistulas
® Simple to calculate

measure of healing
® Fistula compression is investigator dependent

MRI, Magnetic resonance imaging; PCDAI, perianal Crohn’s Disease Activity Index.

Source: Modified from Irvine EJ. Usual therapy improves perianal Crohn’s disease as measured by a new disease activity index. McMaster IBD Study Group.

J Clin Gastroenterol 1995;20:27—32.

CD-associated perianal disease typically presents with inflammation of the distal rectum, ileal pouch, or anal canal.
The internal opening may not be obvious to be identified, as it is often covered with granular tissue and surrounded by
inflammation at the adjacent bowel (Fig. 7.1). Cryptoglandular fistulae or abscesses can also occur in patients with CD,
which is often short and superficial; respond favorably to medical and surgical therapy; and sometimes, maybe self-
limited. A careful endoscopic examination or EUA may identify an internal opening of the fistula at the dentate
line. The patients may or may not have concurrent proctitis or pouchitis or cuffitis [in patients with ileal pouch—anal
anastomosis (IPAA)] (Figs. 7.2 and 7.3). Cryptoglandular abscesses are common causes of anal vaginal fistulas

(Fig. 7.4C and D).



TABLE 7.6 Proposed Columbia Classification of perianal Crohn’s disease.

Category

Description

Etiology

Crohn'’s disease

Cryptoglandular

Anastomotic or suture/staple line leaks

Associated conditions

Strictures

Abscesses

Fistula to adjacent organ(s)

Inflammation around internal opening of fistula

Skin lesions around external opening of fistula

Skin lesions around the anus

Perineal Crohn’s diseases

Malignant transformation

Characteristics of fistula in relation to sphincters

Superficial

Intersphincter

Transsphincter

Suprasphincter

Extrasphincter

Length Short (<3 cm)
Long (=3 cm)
Complexity Simple

Complex (presence of stricture, abscess, branches of fistula with multiple
internal and/external openings, high-positioned internal openings, malignancy)

FIGURE 7.1 Perianal Crohn’s
disease. (A) Crohn’s disease
involving distal rectum and anal
canal, with a fistula opening
(green arrow); (B) complex
branched fistula with openings
to the scrotum and perianal skin;
and (C) fistulotomy and seton
placement.



Endoscopic evaluation of perianal Crohn’s disease Chapter | 7 81

FIGURE 7.2 Cryptoglandular
fistula in a patient with Crohn’s
proctitis. (A) The fistula open-
ing was identified at the dentate
line (green arrow); (B) concur-
rent anal fissures (yellow
arrow); (C) distal proctitis with
linear ulcers and exudates on
endoscopic retroflex view; and
(D) MRI showed simple, super-
ficial fistula (blue arrow). MRI,
Magnetic resonance imaging.

FIGURE 7.3 Fistula openings
at the dentate line in patients
with perianal Crohn’s disease.
Almost all cryptoglandular fistu-
las originate at the dentate line.
(A) The fistula failed to surgical
repair, which made the original
fistula opening larger (green
arrow); (B) a hidden fistula
opening on retroflex view
(yellow arrow); (C) a dentate
line fistula in a patient with
Crohn’s disease of an “S” pouch
(blue arrow); and (D) a seton
placed in the fistula (red arrow).

Surgical bowel resection is an effective treatment modality for refractory CD. Currently performed bowel surgery
includes resection followed by colorectal anastomosis, rectal anal anastomosis, colo-anal anastomosis, and IPAA. The
lower anastomoses may be complicated with leaks, fistulas, or abscesses. The internal opening of the leak or fistula can
more readily be identified than that from CD. The opening often shows a clear orifice with normal surrounding mucosa.
Anastomosis leak-associated fistula or abscesses can be difficult to differentiate from that resulting from underlying CD
(Fig. 7.5).

Fecal diversion with an ileostomy or colostomy, which may be performed along with partial colectomy, is an effec-
tive treatment modality for refractory pCD or CD in the distal bowel. Diverted bowels, such as diverted colon, diverted
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FIGURE 7.4 Vaginal fistulas
in Crohn’s disease. (A) A hidden
internal opening of rectovaginal
fistula originated from the
inflamed anal canal, which was
detected by the administration of
hydrogen peroxide via an endo-
scopic catheter; (B) a large vagi-
nal fistula opening at the distal
rectum under endoscopic retro-
flex view (green arrow); and
(C and D) superficial anal vagi-
nal fistula treated with seton.

FIGURE 7.5 Perianal disease
resulting from surgical anasto-
motic leaks. The anastomosis
leak-associated fistula is diffi-
cult to differentiate from the
cause of underlying inflamma-
tory bowel disease. (A and B)
The internal fistula opening
originated from the IPAA with a
seton. The leak also caused
branched fistulae with multiple
external openings; (C and D) an
internal opening was detected at
IPAA with a guidewire (green
arrows) in a separate patient.
The same internal opening also
led to another external opening
around the anus (yellow arrow).
IPAA, Ileal pouch—anal
anastomosis.

rectum (i.e., Hartmann pouch), or diverted pelvic ileal pouch, often develop diversion—association inflammation or
stricture. Perianal skin lesions, fistulae, or abscesses may be present before or de novo after fecal diversion (Fig. 7.6).
Another form of pCD is the persistent perineal sinus or fistula after total proctocolectomy or completion proctect-

omy following colectomy. Patients with preproctectomy are at risk (Fig. 7.7).
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FIGURE 7.6 Perianal disease
in a patient with diverted rectum
for refractory Crohn’s disease.
(A) Diverted rectum with a
distal rectum stricture (green
arrow); (B and C) perineal
ulcerated and nodular lesions;
and (D) a pedunculated skin tag
at the external opening of peria-
nal fistula.

FIGURE 7.7 Persistent peri-
neal sinus after proctectomy in a
patient with refractory Crohn’s
disease. (A and B) Perianal fis-
tulas with setons (A) and the
presence of active proctitis (B)
before proctectomy; (C) persis-
tent perineal sinus on endoscopy
after the surgery; (D) the sinus on
pelvic MRI (green arrow). MRI,
Magnetic resonance imaging.

Associated conditions

pCD with the presence of stricture, abscess, and fistula to the adjacent organs has been classified into complex fistula,
according to the AGA classification [1].
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Strictures

Strictures can be present in the anal canal, distal or mid rectum, or ileal pouch in patients with pCD. Strictures can be
proximal or distal to the internal opening of perianal fistula. Strictures can be short or long, nonulcerated or ulcerated,
with various degrees of severity. Although there are scant data, it is believed that proper treatment of the stricture, such

FIGURE 7.8 Anal strictures
and treatment in Crohn’s
disease. (A and B) A tight stric-
ture at the anal canal, which was
not traversable to a gastroscope.
Endoscopic stricturotomy with a
needle knife was performed; and
(C and D) an anal stricture in a
separate patient, which was trea-
ted by endoscopic stricturotomy
with an insulated-tip knife.

FIGURE 7.9 Anal stricture of
Crohn’s disease treated with
endoscopic stricturotomy. (A) A
tight anal stricture, not traversable
to a gastroscope; (B) endoscopic
stricturotomy was in action; (C)
posttreatment appearance of the
stricture; and (D) the rectum in
this patient was normal.
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FIGURE 7.10 Distal bowel
strictures in patients with peria-
nal Crohn’s disease. (A and B)
Distal rectal stricture with con-
current proctitis. The stricture
was treated with endoscopic
stricturotomy; (C and D) distal
ileal pouch stricture undergoing
endoscopic balloon dilation.

FIGURE 7.11 Perianal anal
abscesses in Crohn’s disease.
(A) An abscess presented with a
large red, bulging mass; (B) a
small abscess in the perineum;
(C) abscess with granular tissue
on top; and (D) abscess may only
present with topical erythema.

as bougie or balloon dilation and stricturotomy, may help the healing of perianal fistula, rectovaginal fistula (RVF), or
pouch-vaginal fistula (PVF) (Figs. 7.8 and 7.9). Strictures at the distal rectum, if present, can also be detected and trea-
ted endoscopically (Fig. 7.10).

Abscesses

Perianal abscesses are the most common adverse sequelae of perianal fistulae, although the abscesses may occasionally
develop in the absence of fistula. The latter is often of cryptoglandular source (Figs. 7.11—7.17). Examination of
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FIGURE 7.12 Perianal fistula with abscess in Crohn’s disease. (A) Distal rectal and anal inflammation; (B) a large perianal abscess; (C) the abscess
shown on MRI; and (D) 3D transanal ultrasound may also be used to detect perianal abscess (green arrow). MRI, Magnetic resonance imaging.

FIGURE 7.13 Simple perianal
fistula in Crohn’s disease.
(A and B) Detection of simple
fistula to injection of hydrogen
peroxide; (C) the fistula tract
viewed on MRI (green arrow);
and (D) healed simple fistula after
a combination therapy with anti-
tumor necrosis factor and hyper-
baric oxygen. MRI, Magnetic
resonance imaging.

perianal abscesses can be performed in the endoscopy suite or during EUA. The abscesses can be small or large. It is
recommended that photo documentation is performed as a routine clinical practice. Often cord-like structures, that is,
fistulas, may be palpated around or underneath abscesses. To enhance the accuracy, hydrogen peroxide, methylene
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FIGURE 7.14 Short, superfi-
cial, and simple versus long,
complex fistulas in four patients
with Crohn’s disease on MRI or
CT. (A) Superficial short
(<3cm) anal fistula (green
arrow); (B and C) long
(>3 cm), complex fistulae lead-
ing to external openings at the
perianal skin; and (D) fistula-
associated perianal fistula on CT
(yellow arrow). CT, Computed
tomography; MRI, magnetic res-
onance imaging.

FIGURE 7.15 Complex fistula
with multiple external openings
in Crohn’s  disease. (A)
Horseshoe perianal fistula with
two internal openings linked by
a single seton; and (B—D) mul-
tiple external openings with
some being treated with setons.

blue, or betadine can be administered through an endoscopic catheter (Fig. 7.13). Perianal abscesses may be managed
by incision and drainage with needle knife under conscious sedation and topical anesthesia during endoscopy
(Figs. 7.16 and 7.17).
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FIGURE 7.16 Perianal
Crohn’s disease along with the
presence  of ileitis. (A)

Edematous and nodular mucosa
of the terminal ileum with mild
luminal narrowing and (B—D)
perianal abscess from under-
neath fistula, which was treated
with needle knife electroincision
and drainage.

FIGURE 7.17 Perianal anal
abscess in Crohn’s disease.
(A and B) Two separate patients
presented with perianal
abscesses, one with active pus
drainage (A) and the other with
bulging mass (B); (C and D)
incision and drainage of a peria-
nal abscess with endoscopic
needle knife (C). The abscess
was shown on MRI (D). MRI,
Magnetic resonance imaging.
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Fistula to adjacent organs

The presence of nonsurgery-associated RVFs, recto-vesicle fistulas, and PVFs, pouch vesicle fistulas, is considered hav-
ing a complex perianal fistula (Fig. 7.4B—D). The fistula can originate from the distal rectum, distal ileal pouch, anal
canal, or dentate line.

Inflammation around internal opening of fistula

It is important to document the status of inflammation in the distal bowel (i.e., rectum, pouch, or cuff) or anal canal,
especially at or around the internal opening of fistulas (Figs. 7.18—7.21). The presence of proctitis in pCD was shown
to be a predictive factor in the persistent nonhealed fistula and a higher frequency of proctectomy [17].

Perianal skin lesions in the presence or absence of external opening of fistula

The term “skin” here may be termed for structures covered with squamous cells, which including a part of the anal tran-
sition zone, anal canal, anus, and perianal or perineal areas. The skin lesions can be related to pCD skin tags
(Fig. 7.22), fissures (Fig. 7.23), and ulcers (Fig. 7.24). Those lesions can easily be documented during endoscopy.

Perineal Crohn’s disease

It is believed that perineal CD may belong to a separate disease category, different from classic pCD. Perineal CD may
present with ulceration in the perineum or anal canal, nonhealing, painless fissures, or waxy perineal, perianal, or natal
cleft edema. The perianal area involved includes the anal verge, the squamous part of the anal canal, and the perineum
(Fig. 7.24) [18].

Perineal CD may be considered as a form of metastatic CD with a frequent finding of granulomas on biopsy.
Perineal CD was found more often in female, to be presented at a younger age, less small bowel, and more colonic CD than
classic pCD. The presence of perineal CD is found to be an indicator of poor healing of CD, requiring proctectomy [17].

FIGURE 7.18 Inflammation at
the distal rectum and anal canal
around the internal opening of
perianal fistula in Crohn’s dis-
ease. (A) Erythema, nodularity,
and ulcers at the distal rectum;
(B and C) nodular anal canal;
and (D) perianal skin induration
with a hidden fistula underneath.
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FIGURE 7.19 Inflammation at
the anal canal around the inter-
nal opening of perianal fistula in
CD. (A and B) Nodular and
edematous anal canal with fis-
tula openings (green arrows) in
a patient with complex perianal
CD; and (C and D) nodular anal
canal with a seton placed across
the short transsphincter fistula.
CD, Crohn’s disease.

FIGURE 7.20 Perianal
Crohn’s  disease  with  the
involvement of the rectum. (A)
Ulcers at the distal rectum with
a suspected fistula opening
(green arrow); (B) a soft-tip
guidewire can be used for the
detection of the opening of fis-
tula; and (C and D) perianal
abscess that was treated with
needle knife incision and
drainage.



Endoscopic evaluation of perianal Crohn’s disease Chapter | 7 91

FIGURE 7.21 Perianal and
perineal CD with sparing of the
rectum. (A) Normal rectum;
(B and C) nodular anal canal
with a seton placed across a
short fistula. There is also a
nearby abscess with a mush-
room catheter in place (green
arrow); and (D) the same patient
also had perineal CD with large
skin ulceration at 6 o’clock. CD,
Crohn’s disease.

FIGURE 7.22 Various forms
of skin tags, mostly with an
“elephant  ear”  appearance.
(A—D) The skin tags can be sin-
gle or multiple, thin and thick,
flat or cylindrical. The surgical
excision of Crohn’s disease-
associated skin tags is not
recommended.
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Other benign or malignant lesion in the distal bowel or perianal areas

FIGURE 7.23 Anal fissures in
Crohn’s disease. (A) Skin break
down on hemorrhoid lesions;
(B) linear friable skin break
down at the anal canal (green
arrow); (C) superficial linear
fissures in the anal canal; and
(D) deep linear fissures along
the anal verge in a patient with
Crohn’s disease of the ileal
pouch.

FIGURE 7.24 Perineal CD.
Perineal CD has been consid-
ered a form of metastatic CD in
the perineum area. The biopsy
may show noncaseating granulo-
mas. (A) Large deep ulcer with
a nearby string seton in the peri-
neum; (B) a long linear ulcer in
the midline of the perineum
area; (C) ulcerated induration at
the perineum; and (D) perineal
ulcer shown on examination
under anesthesia. CD, Crohn’s
disease.

Chronic perianal dermatitis or dermatopathy in various forms are common with chronic diarrhea or fistula drainage
being major contributing factors (Figs. 7.25—7.27). Long-term use of immunosuppressive agents may cause bacterial,
fungal, or viral infection of the perianal skin (Fig. 7.28A and B). Patients with pCD are at risk for the development of
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FIGURE 7.25 Perianal skin
lesions in Crohn’s disease.
(A—C) Perianal dermatitis and
(D) dermatitis around a healed
fistula.

FIGURE 7.26 Perianal skin
lesions in Crohn’s disease. (A)
Diffuse perianal dermatitis from
chronic diarrhea; (B) severe
perianal dermatitis with ulcer
posterior to the anus; (C) verru-
cous skin lesions around the
anus; and (D) perianal folliculi-
tis, which it was not associated
with fistula.

28 adenocarcinoma or squamous cell carcinoma in the distal rectum, rectal cuff (in IPAA), anal canal, or perianal skin
(Fig. 7.28C and D).

Characteristics of fistula to sphincters

Conventional endoscopy plays a minimum role in the evaluation fistula tracks outside of the lumen of the bowel or peri-
anal skin. In contrast, endoscopic ultrasonography can be used (please see Chapter 35: Transluminal imaging in
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FIGURE 7.27 Perianal skin
lesion in a patient with
irritable ~ pouch  syndrome.
(A and B) Despite symptoms,
the patient had normal pouch
and cuff mucosa; (C) verrucous
perianal ~ skin lesion from
chronic diarrhea; and (D) skin
biopsy showed hyperparakerato-
sis without malignancy.

FIGURE 7.28 Infectious and
malignant  complications  of
long-standing CD. (A and B)
Anal and perianal wart after
long-term use of antitumor
necrosis factor agent for refrac-
tory CD; (C) ulcerated anal
canal with histology show
squamous cell cancer in an 80-
year-old female patient with a
long-standing CD; (D) nodular,
ulcerated cuff mucosa in a 43-
year-old male patient with
restorative proctocolectomy and
ileal pouch—anal anastomosis,
which turned out to be adeno-
carcinoma. CD, Crohn’s disease.

inflammatory bowel disease), in combination with cross-sectional imaging, such as CT or MRI. CT and MRI are rou-
tinely used to assess the characteristics of perianal fistulae, including the length, number, branching, associated abscess,
and internal and external openings. Also, CT and MRI can also provide information on the bowel wall, mesentery, and
lymphadenopathy (Figs. 7.1, 7.7, 7.12—7.14). However, conventional endoscopy can provide adjacent information on

the complexity of perianal fistula.
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Summary and recommendations

It is important to characterize disease status of the rectum, ileal pouch, or cuff (such as inflammation and stricture) and
to delineate location, size, and shape of the internal and external fistula openings and diseased conditions of surrounding
tissues. Photo documentation of anal and perianal lesions should be incorporated into the routine practice of diagnostic
and therapeutic endoscopy in patients with CD. Conventional endoscopy may be performed in combination with endo-
scopic ultrasonography, cross-sectional imaging, or contrasted fistulogram. Endoscopic evaluation can be a part of

EUA.
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Crohn’s disease: postsurgical
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Abbreviations

CD Crohn’s disease

EI end ileostomy

IBD inflammatory bowel disease
ICA ileocolonic anastomosis
ICR ileocolonic resection

IRA ileorectal anastomosis

LI loop ileostomy

RS the Rutgeerts score

RVF rectovaginal fistula

STX strictureplasty

Introduction

Despite advances in medical therapy, approximately 70% of patients with Crohn’s disease (CD) would eventually
require surgery [1,2]. Various surgical modalities have been designed and performed for patients with medically or
endoscopically refractory CD or inflammatory bowel disease (IBD)—associated neoplasia (Table 8.1). Multiple factors
contribute to the selection of proper surgical treatment modalities. Those factors include degree and severity of underly-
ing CD, disease phenotype and location, general health conditions (especially nutrition, anemia, and immunosuppres-
sion), concurrent medical therapy, history of prior surgery, and local expertise.

In this chapter the author discusses common surgical modalities, postsurgical anatomy, and monitoring disease
recurrence in patients with CD. CD surgery-associated complications are discussed in a separate chapter (Chapter 16:
Postoperative complications in Crohn’s disease).

Bowel resection and anastomosis

Ileocolonic resection (ICR) followed by ileocolonic anastomosis (ICA) is the most commonly performed surgical proce-
dure for patients with B1—B3 and L1—L3 lesions, based on the Montreal classification (Figs. 8.1 and 8.2) [3]. ICR and
ICA may be performed in staged with diverting end ileostomy (EI) (Fig. 8.3) or loop ileostomy (LI) (Figs. 8.2 and 8.4).
Variants of ICR and ileorectal anastomosis (IRA) include subtotal colectomy or partial colectomy with IRA, colo-
colonic anastomosis, rectal anastomosis, and small bowel resection with entero-enteric anastomosis. The anastomosis
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TABLE 8.1 Surgical treatment modalities for Crohn’s disease.

Examples

Resection and anastomosis Ileocolonic resection with ileocolonic anastomosis

Ileocolonic resection with ileorectal anastomosis

Jejunal resection with jejunoileal anastomosis

Strictureplasty Heineke—Mikulicz
Finney
Michelassi

Stoma and fecal diversion Loop or end ileostomy

End colostomy

Jejunostomy

Hartmann procedure with later completion proctectomy

Mucus fistula

Bypass Duodenum disease with gastrojejunostomy

Surgical treatment of perianal disease Incision and drainage

Seton and mushroom

FIGURE 8.1 Tleocolonic resec-
tion with ileocolonic anastomosis
for refractory inflammatory, stric-
turing, or penetrating CD. (A)
Ileocolonic resection for refractory
CD; (B) surgically resected speci-
men with terminal ileum, cecum,
appendix, cecum, and proximal
ascending colon; (C) end-to-side
ileocolonic handsewn anastomosis
with diverting loop ileostomy,
following the resection. CD,
Crohn’s disease. Courtesy of Mr.
Joe Pangrace of Cleveland Clinic.

FIGURE 8.2 Tleocolonic resection with
end-to-side ileocolonic anastomosis for
refractory CD. (A) A circumferential ulcer
along the anastomosis, possibly resulting
from surgery-associated ischemia; (B)
occasionally, the anastomosis is better
viewed with a retroflexed endoscope; (C)
end-to-side handsewn ileocolonic anasto-
mosis is typically located at the right or
right upper abdomen. Strictures at the
anastomosis are common. CD, Crohn’s
disease. Courtesy Mr. Joel Pangrace of
Cleveland Clinic.
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FIGURE 8.3 Anatomy of end ileostomy
and colostomy. (A) End ileostomy. Notice
white granular tissue at the stoma from
local irritation, which can bleed occasion-
ally; (B) end colostomy with a larger
lumen at the stoma. The colostomy is
largely replaced by ileostomy in patients
with inflammatory bowel disease, who
require fecal diversion; (C) illustration of
end ileostomy. Courtesy Mr. Joel Pangrace
of Cleveland Clinic.

FIGURE 8.4 Anatomy of loop ileostomy. (A) Loop ileostomy with a proximal opening leading to the afferent limb (green arrow) and a distal open-
ing leading to the efferent limb (blue arrow). Notice that distal opening is often hidden underneath the proximal opening; (B and C) afferent limb
mucosa slightly bile tinged; (D) efferent limb with copious secretion in the lumen from mucosa due to fecal diversion; (E) illustration of loop ileost-
omy. Courtesy Mr. Joel Pangrace of Cleveland Clinic.

can be fashioned with handsewn or staples and with end-to-side or side-to-side (Figs. 8.1, 8.2, and 8.5). Sometimes,
submucosal staples can be visual in those with stapled anastomosis. In contrast, bioabsorbable suture threads are not
seen in the handsewn anastomosis. Anastomosic ulcer may be present in those with or without IBD (Fig. 8.6). ICA fol-
lowing ICR is commonly located at the right abdomen or right upper quadrant (Fig. 8.7). The endoscopist should keep
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FIGURE 8.5 Ileocolonic resection with

side-to-side stapled ileocolonic anastomo-

sis for refractory CD. (A) The anastomosis

with transverse staple line (green arrow)

and lumen to the neo-terminal ileum (blue

_ arrow); (B) a leak at the transverse staple

 d line (blue arrow); (C) leak at the anasto-

: mosis leading to enterocutaneous fistula

and leak at the transverse staple line lead-

ing to intraabdominal abscess or sepsis.

CD, Crohn’s disease. Courtesy Mr. Joel
Pangrace of Cleveland Clinic.

(A) (B) FIGURE 8.6 Patterns of anastomosis in Crohn’s disease
surgery. (A) Handsewn colorectal anastomosis; (B) end-to-
side handsewn ileocolonic anastomosis with superficial ulcer;
(C) stapled colorectal anastomosis with occasional visualiza-
tion of staples underneath the mucosa; (D) stapled side-to-
side ileocolonic anastomosis with submucosal lines of staples
(green arrow) dividing neo-terminal ileum and colon.

this in mind when performing endoscopic treatments (such as balloon dilation of a stricture), as procedure-associated
complications (such as perforation) in the location may result in a detrimental outcome. Sometimes, the identification
of the orifice of an end-to-side anastomosis can be challenging from a tangential view (Fig. 8.7).

Surgical therapy with bowel resection and anastomosis does not offer a cure for the majority of patients with CD.
Within 1 year after ICR and ICA, subclinical endoscopic recurrence occurs at the anastomosis was reported in 90%,
symptomatic clinical recurrence in 30%, and surgery reintervention in 5% of patients with CD [4—6]. Ileocolonoscopy
plays a key role in the monitoring of disease activity and prediction of poor disease outcomes and the requirement for
additional surgery. Rutgeerts et al. developed an endoscopic score system (range: i,0—i,4) in CD patients with ICR and
IRA, based on the number and characteristics of ulcers and inflammation in the neo-terminal ileum and anastomosis
(Table 8.2) [5]. The representative endoscopic lesions listed in the Rutgeerts score (RS) are illustrated in Fig. 8.8.
Multiple studies have shown that advanced RS was associated with clinical recurrence and need for further surgery. RS



FIGURE 8.7 TIleocolonic resection with end-to-side ileoco-
lonic anastomosis for refractory CD. The anastomosis is
located at the right upper quadrant. (A) Tangential view of
the strictured anastomosis, which was difficult to identify;
(B) the anastomosis was tattooed for future diagnostic and
therapeutic colonoscopy; (C and D) the stapled anastomosis
viewed on CT enterography (green arrows). CD, Crohn’s
disease.

TABLE 8.2 The Rutgeerts endoscopic scoring system [1].

Classification

Endoscopic description

i,0 No lesions

i1 <5 aphthous lesions

i,2 >5 aphthous lesions with normal mucosa in between the lesions, or skip area of larger lesions,
lesions confined to the ileocolonic anastomosis (i.e., <1 cm in length)

i,3 Diffuse aphthous ileitis with diffusely inflamed mucosa

i,4 Diffuse inflammation with already large ulcers, nodules, and/or narrowing

FIGURE 8.8 Representative endoscopic features of the Rutgeerts endoscopic score of postoperative Crohn’s disease in the neo-terminal ileum after
ileocolonic resection and anastomosis. (A) i,0—normal neo-terminal ileum; (B) i,1— <5 aphthous lesions; (C) i,2— > 5 aphthous lesions with normal
mucosa in between the lesions; (D) i,2—Ilesions confined to the ileocolonic anastomosis (i.e., <1 cm in length); (E) diffuse aphthous ileitis with
diffusely inflamed mucosa; (F) diffuse inflammation with large ulcers and narrowing of lumen of the neo-terminal ileum.



102 Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

has routinely been used in clinical practice and clinical trials. There is heterogeneity in scoring and implication of i,2
lesions, largely in the consideration or discard of anastomotic ulcers. Some investigators believed that postsurgical
ischemia may contribute to anastomotic ulcers and distal neo-terminal ileum lesions, leading to a reduced predictive
value for progressive disease. Therefore modified RS was proposed: i,2a, lesions confined to the anastomosis with or
without <5 isolated aphthous ulcers in the ileum; i,2b, >5 aphthous ulcers in the ileum with normal mucosa in
between, with or without anastomotic lesions (Table 8.3) [7.8]. The clinical implication of modified RS needs to be val-
idated [9,10]. Common patterns of ICA ulcers are demonstrated in Fig. 8.9. It is believed that the presence of anasto-
motic ulcer may likely cause stricture later on.

Strictureplasty

Many patients with CD may require multiple bowel section surgery during their lifelong course of the disease. As a
result, bowel-saving procedures, particularly strictureplasty (STX) for small bowel stricture, and less commonly colonic
strictures are performed (Fig. 8.10). STX is indicated in the treatment of multiple and/or long-segment fibrotic stric-
tures, especially in those at the risk for short-gut syndrome with multiple bowel resection surgery. Therefore STX is

TABLE 8.3 Modified Rutgeerts score [4].

Classification Endoscopic description

i,0 No lesions

i1 <5 aphthous ulcers

i,2a Lesions confined to the anastomosis = <5 isolated aphthous ulcers in the ileum

i,2b >5 aphthous ulcers in the ileum with normal mucosa in between, with or without anastomotic lesions
i,3 Diffuse aphthous ileitis with diffusely inflamed mucosa

i,4 Diffuse inflammation with large ulcers, nodules, and/or narrowing

FIGURE 8.9 Patterns of ileocolonic anastomosic ulcers in CD. Whether the presence of anastomotic ulcer is indicative of active CD is controversial.
(A) Circumferential ulcer along a thin side-to-side anastomosis; (B) semicircumferential ulcer along the anastomosis; (C) anastomotic ulcer extending
more than 2.5 cm; (D) anastomotic ulcer along with multiple neo-terminal ileum ulcers; (E and F) side-to-side anastomosis with forward and retroflex
views. The anastomosis was friable. CD, Crohn’s disease.
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FIGURE 8.10 Heineke—Mikulicz stric-
tureplasty. (A) A 7-cm long tight duode-
num stricture (green arrow); (B) status
post strictureplasty (blue arrow); (C) illus-
tration of strictureplasty. Courtesy Mr.
Joel Pangrace of Cleveland Clinic.

FIGURE 8.11 Ileostomy and strictureplasty. Patients with
ileostomies may also have concurrent strictureplasty surgery
to save the small intestine. (A) End ileostomy; (B) luminal
narrowing 5 cm from the stoma, resulting from a pinch of
fascia (green arrow); (C) strictureplasty close to the stoma
(blue arrow); (D) gastrografin enema via stoma demonstrat-
ing the pinch (green arrow) and strictureplasty (blue arrow).

often seen in patients with ileostomies to save valuable gut from being resected (Fig. 8.11). Three most commonly con-
structed STXs are Heineke—Mikulicz (for strictures <10 cm in length) (Fig. 8.12), Finney (for strictures 10—20 cm in
length) (Fig. 8.13), and Michelassi (for strictures >20 cm in length).

The anatomy of STX normally consists of inlet, outlet, and lumen (Figs. 8.12—8.14). There may be strictures at the
inlet and outlet. The lumen of the body of STX site is usually enlarged, and mucosal inflammation in the body is rare.
It is believed that patients with STX have some degree of small intestinal bacterial overgrowth. However, strictures and
ulcers at the pouch inlet and outlet sites are common. Whether those ulcers and strictures should be considered recurrent
CD is controversial. In this author’s experience, aggressive medical therapy, even with biological agents, has a mini-
mum impact on those lesions, suggesting an ischemic etiology. Endoscopic therapy of strictures at the STX site has
been challenging, due to the altered anatomy and accessibility to an endoscope. Balloon-assisted enteroscopy is nor-
mally not recommended for the evaluation of small bowel lesions in patients with multiple STXs, for the concern of
barotrauma from the endoscope.



FIGURE 8.12 Heineke—Mikulicz strictureplasty. (A)
Mildly narrowed outlet of strictureplasty site (green arrow);
(B) enlarged lumen of strictureplasty site (blue arrow); (C)
multiple dilated loop of the small bowel from prior bowel
resection and  strictureplasties; (D) illustration  of
Heineke—Mikulicz strictureplasty with inlet and outlet being
highlighted in red arrows and lumen being highlighted in
blue arrow. Courtesy Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 8.13 Finney strictureplasty. (A) The lumen of
the strictureplasty filled with food residues; (B) inlet and
outlet of the strictureplasty (green and blue arrows); (C)
illustration of Finney strictureplasty procedure with inlet
and outlet highlighted in smaller green and blue arrows.
Courtesy Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 8.14 “Normal” anatomy of strictureplasty. (A and B)
Enlarged lumen of strictureplasty with food residues. Small
intestinal bacterial overgrowth is considered as a “norm” in
those with strictureplasty; (C) outlet of the strictureplasty
detected by a through-the-scope balloon; (D) dilated lumens
of strictureplasties.
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Fecal diversion with ostomy

Fecal diversion is an effective way to treat refractory CD in the downstream bowel. An ileostomy is commonly per-
formed, followed by colostomy and jejunostomy. An ostomy has been performed as a temporary or permanent treat-
ment modality for CD, as well as ulcerative colitis. An ileostomy is typically constructed as loop and end fashion,
depending on the long treatment goal and technical factors. A temporary ileostomy is often performed in the form of
LI, while a permanent ileostomy is usually in the form of EI. To help maintain the integrity of ileostomy, the distal
opening with the efferent limb is commonly placed interiorly to the proximal opening. The luminal content of the affer-
ent limb is usually bile tinged, while the content in the efferent limb is commonly mucus (Fig. 8.4). LI has the advan-
tage of easier surgical closure while having the disadvantage of being harder to maintain than EI (Fig. 8.3A).
Occasionally, end colostomy is constructed in patients with CD (Fig. 8.3B). Granular tissue at the stoma may be consid-
ered being ‘“normal.” In addition, there might be a stricture or ulceration from extrinsic pinch by fascia, which is also
regarded as “normal” (Fig. 8.15). Long-term ileostomy and colostomy can result in downstream diversion-related colitis
or proctitis (Fig. 8.16). A cutaneous fistula near ileostomy, namely, mucous fistula may also be intentionally created in
patients with a risk for stump leak in colectomy, which should not be misdiagnosed as CD-related fistula (Fig. 8.16).

Recurrent inflammatory, stricturing, or fistulizing CD can occur in the distal ileum in CD patients with an ileostomy,
which can reliably be assessed with ileostomy via the stoma. Ulcer, stricture, or fistula of the ileum at distal-to-fascia
level likely result from technical factors, such as ischemia (Fig. 8.16). Inflammation, strictures, or fistulae at any seg-
ment of the ileum proximal to fascia level, in the absence of the use of nonsteroidal antiinflammatory drugs, are consid-
ered forms of recurrent CD. RS, which was designed for the monitoring disease activity at the neo-terminal ileum in
those with ICR and ICA, has also been adopted to assess recurrence of CD in neo-distal ileum in patients with ileos-
tomies (Fig. 8.17) [11]. Advanced RS in CD patients with ileostomies was found to be associated with poor disease out-
comes [11]. Ileoscopy via stoma provides a valuable tool for the diagnosis and treatment of strictures in the distal ileum
(Fig. 8.18).

Bypass surgery

Bypass surgery as a treatment modality for CD is largely abandoned (Fig. 8.19). The only exception is gastrojejunost-
omy bypass surgery for refractory duodenum CD (Fig. 8.20). The bypassed duodenum segment often remains to have
active disease.

FIGURE 8.15 Ileostomy and strictures. (A)
Mild stenosis at the stoma; (B) ulcerated, isolated
stricture at the fascia level due to mechanical and
ischemic factors; (C) normal distal ileum. These
strictures are not considered as active Crohn’s dis-
ease. Courtesy Mr. Joel Pangrace of Cleveland
Clinic.
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FIGURE 8.16 Diverting ileostomy combined with
mucous fistula. The procedure is performed in the man-
agement of large bowel stump in patients with severe
ulcerative colitis or Crohn’s colitis undergoing colect-
omy, to prevent stump leak—associated abdominal or pel-
vic abscess. (A) Ileostomy (green arrow) and mucous
fistula (blue arrow); (B) internal opening of mucous fis-
tula at the sigmoid colon stump; (C and D) diverted distal
large bowel with mucous exudates and severe bleeding
from air insufflation.

FIGURE 8.17 Representative endoscopic features of the Rutgeerts endoscopic score of postoperative Crohn’s disease in the neo-distal ileum in
patients with ileostomies. (A and B) i,0—normal neo-distal ileum before and after additional small bowel resection and reconstruction of an ileostomy.
There are dilated lacteals (B); (C) i,2a—Tlesions confined to the fascia level (i.e., <1 cm in length); (D) i,2b— > 5 aphthous lesion with normal
mucosa in between the lesions;(E) diffuse aphthous ileitis with diffusely inflamed mucosa; (F) diffuse inflammation with large ulcers, and narrowed
lumen of the neo-terminal ileum.

Other surgeries

Refractory duodenum CD has been treated with Whipple’s procedure, the one traditionally for pancreas case, that is,
severe bile gastritis proximal Gastrojejunostomy (Fig. 8.21). Patients with Hartmann pouch or diverted rectum follow-
ing colectomy carry the risk for diversion proctitis or colitis, diversion-associated stricture, or colitis-associated neopla-
sia. Completion colectomy may be required (Fig. 8.22).
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FIGURE 8.18 Recurrent CD with strictures in patients
with ileostomies. (A) Multiple CD-associated strictures in
the neo-distal ileum on gastrografin enema via stoma; (B)
a pinhole stricture with bowel edema at neo-distal ileum;
(C) a short, ulcerated stricture at the neo-distal ileum; (D)
stricture at the neo-distal ileum undergoing endoscopic
stricturotomy with needle knife. CD, Crohn’s disease.

FIGURE 8.19 Bypass surgery for severe ileal Crohn’s
disease. The surgical procedure in the area has been
largely replaced by bowel resection or stricturoplasty. (A)
Bypassed diseased distal neo-terminal ileum (green
arrow) on computed tomography; (B and C) bypassed
diseased distal neo-terminal ileum; (D) previous bowel
resection with ileocolonic anastomosis.

Surgical therapy for perianal disease is discussed in a separate chapter (Chapter 7: Endoscopic evaluation of perianal
Crohn’s disease).

Summary and recommendations

Various surgical modalities have been designed and performed in patients with medically and endoscopically refrac-
tory CD. Altered bowel anatomy by the surgery has posed challenges for clinicians and endoscopists. Accurate rec-
ognition of landmarks and anatomy is critical for disease monitoring and management. The distinction between
“normal” postsurgical anatomy and recurrent CD is important, as surgery-associated factors can manifest any pheno-
types of CD, including mucosal ulcer, bowel stricture, fistula, and abscess. For example, ulcer along the anastomosis



FIGURE 8.20 Bypass surgery for duodenum
CD. (A) Severe duodenum CD with inflammatory
stricture; (B) the duodenum stricture was surgi-
cally bypassed with a gastrojejunostomy, which
was strictured. Balloon dilation of the gastrojeju-
nostomy stricture was performed; (C) illustration
of gastrojejunostomy for duodenum CD. CD,
Crohn’s disease. Courtesy Mr. Joel Pangrace of
Cleveland Clinic.

FIGURE 8.21 Whipple procedure for the treatment of
severe refractory duodenum CD. (A and B) Severe duo-
denum CD with ulcers, edema, and stricture; (C and D)
status of post—Whipple procedure with gastrojejunost-
omy. There was severe bile gastritis. CD, Crohn’s
disease.

FIGURE 8.22 Completion proctectomy in Crohn’s
disease. (A) Surgically resected Hartmann pouch or
rectum stump, which was contracted due to long-
standing fecal diversion; (B) healed perineal detect
after proctectomy; (C) illustration of Hartmann pouch
or diverted rectum (green arrow) in a patient with
loop-end ileostomy. Courtesy Mr. Joel Pangrace of
Cleveland Clinic.
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may be related to ischemia or recurrent CD. The distinction can often be reliably made by a careful evaluation of
disease extent, distribution, and location to the surgical site.
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Abbreviations

BWI backwash ileitis

CAN colitis-associated neoplasia
CDh Crohn’s disease

Cp cap polyposis

GI gastrointestinal

IBD inflammatory bowel disease
ICV ileocecal valve

PSC primary sclerosing cholangitis
uC ulcerative colitis

UP ulcerative proctitis

Introduction

In clinical practice the Montreal classification of ulcerative colitis (UC) has routinely been used to guide diagnosis and
treatment (Table 1.1) [1]. In addition to the clinical assessment, the identification of endoscopic and histologic features
is the key to the diagnosis and differential diagnosis of UC as well as Crohn’s disease (CD). Colonoscopy also plays a
critical role in the disease monitoring, assessment of treatment response, surveillance of colitis-associated neoplasia
(CAN), and endoscopic therapy [2]. The matrix of measuring a quality colonoscopy in UC includes (1) adequate level
of intubation, especially the intubation of the terminal ileum; (2) assessment of disease extent and distribution pattern;
(3) grading of degree and features of mucosal inflammation; and (4) proper biopsy. Detailed information on grading the
severity of mucosal inflammation in UC as well as CD is discussed in Chapter 11, Ulcerative colitis: postsurgical and
Chapter 14, Endoscopic scores in inflammatory bowel disease. Colonoscopic features of superimposed infections are
discussed in Chapter 23, Superimposed infections in inflammatory bowel diseases.

Adequate bowel preparation is needed for a quality colonoscopy in UC. Active mucosal inflammation often
presents with mucopurulent or fibrin exudates or plaques, which should be washed to evaluate true pattern and
severity of mucosal inflammation (Fig. 9.1).
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FIGURE 9.1 Washing and accurate grading inflammation in UC. (A) and (B) Diffuse mucosal inflammation with edema, erythema, and granularity
of erosions was revealed by washing out mucopurulent exudates; (C) and (D) washing out mucous exudates uncovered edematous mucosa with ero-
sion and friability. UC, Ulcerative colitis.

Disease extent and distribution

Patients with chronic diarrhea (i.e., the symptom lasting more than 4 months) should have colonoscopy evaluation for
noninfectious etiologies, including inflammatory bowel disease (IBD) and microscopic colitis. The assessment on index
colonoscopyprior to medical therapy more accurately reflects true disease extent [3]. The classic UC at initial presenta-
tion demonstrates continuous inflammation extending proximally from the anal verge and rectum.

Terminal ileum intubation

Evaluation of the terminal ileum and ileocecal valve (ICV) is important for the differential diagnosis of CD and UC.
Features of the terminal ileum and ICV may also distinguish UC with backwash ileitis (BWI) from CD ileitis (see
Chapter 10: Indeterminate colitis and inflammatory bowel disease unclassified). This requires intubation of the terminal
ileum for all patients undergoing colonoscopy for suspected of IBD. However, this standard practice has not been satis-
factorily achieved even in the tertiary care hospital [4].

Cecal patch, rectal sparing, and patchy distribution

In the majority of patients, the assessment of disease extent of UC is straightforward, as the diseased or nondiseased
segments of UC often have a sharp demarcation or abrupt transition (Fig. 9.2). Histologic measurement of the disease
extent of UC may be more extensive than endoscopic measurement [5]. Nonetheless, the endoscopic measurement of
disease extent is considered as a gold standard. The disease extent should be measured by the segment of the bowel
involved as well as the length from the anal verge. This practice is critical for subsequent endoscopic monitoring of dis-
ease extent. UC may progress proximally over time [6]. One quarter of patients with limited UC extend proximately
with most extension occurring during the first 10 years after diagnosis [7]. The extension of the disease length is consid-
ered as a sign of poor prognosis for UC [8].

Patients with ulcerative proctitis (UP) or left-sided UC, especially pediatric patients or young adults, may have coex-
isting periappendiceal or cecal patch and distal UC (Figs. 9.3—9.5 and 10.8). The finding of the cecal patch or
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FIGURE 9.2 Classic patterns of the distribution of mucosal inflammation in UC. (A) Diffuse continuous mucosal inflammation with erythema,
mucopurulent exudates, and loss of vascular pattern from the anal verge to the proximal segment of the colon; (B)—(D) abruption transition or sharp
demarcation between the inflamed distal colon and noninflamed proximal parts of the colon. UC, Ulcerative colitis.

FIGURE 9.3 Cecal or periappendiceal patch in ulcerative proctitis. (A) Normal terminal ileum; (B) periappendiceal mucosal inflammation with ery-
thema (green arrow); (C) normal colon; (D) active proctitis with erythema and granularityalong with a normal proximal colon showing a sharp
demarcation between inflamed and noninflamed bowel segments (yellow arrow).



FIGURE 9.4 Periappendiceal patch in left-side UC. (A) and (B) Periappendiceal patch with erythema and mucopurulent exudates (green arrows);
(C) mucosal scars (yellow arrow)in the sigmoid colon; (D) active proctitis with erythema and granularity. UC, Ulcerative colitis.

FIGURE 9.5 Cecal patch with distal ulcerative proctitis. Even though periappendiceal inflammation is more severe than distal proctitis, the patient
should be treated with topical mesalamine therapy as the first-line regimen. (A) Normal terminal ileum; (B) moderate inflammation at the cecal base
with erythema, erosions, and mucopurulent exudates; (C) normal ascending colon; (D) distal 10 cm of the rectum with mild erythema. Biopsy showed
chronic active colitis.
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FIGURE 9.6 Rectal sparing in treated UC with a history of diffuse extensive colitis from anal verge at the index colon before medical therapy. (A)
Diffuse inflammation with erythema and absent vascular pattern in the ascending colon; (B) and (C) severe colitis with ulcers, edema, nodularity, and
pseudopolyps in the transverse and descending colon; (D) normal rectum. UC, Ulcerative colitis.

periappendiceal patch in the setting of UC with an otherwise normal right colon should not be confused with CD
[9,10]. The cecal disease in UC patients should not be considered as a part of extensive UC. The clinical implication of
cecal patch is not clear, although a recent controlled study revealed that UC patients with cecal patch had a similar rate
of remission, relapse, and proximal extension to UC patients with no cecal patch [9]. The presence of cecal patch does
not seem to impact the outcome of left-sided UC or UP [11]. Therefore an accurate distinction between extensive UC
and left-sided UC or UP with cecal patch is important for clinical management and prognosis. For example, different
mesalamine (oral vs topical) and corticosteroid (oral vs topical; and pH-dependent, delayed release vs extended release)
regimens for treating the two disease phenotypes are different [12].

In an adult population with UC, the index colonoscopy typically demonstrates rectal involvement. However, pediat-
ric or young adult UC patients may initially present with segmental colitis and/or rectal sparing (Fig. 9.6) [13]. True
rectal sparing in UC, either before or after medical therapy, may leave a room for the future candidate of total colect-
omy with ileorectal anastomosis if surgical intervention is needed for medically refractory disease or for CAN [14]. In
patients with active colitis, retroflex maneuvering is not recommended, to reduce the risk for iatrogenic trauma.

Patients with extensive UC may have concurrent BWI, particularly in those with coexisting primary sclerosing cho-
langitis (PSC) (Fig. 9.7). BWI in UC is discussed in a separate chapter (Chapter 10: Indeterminate colitis and inflamma-
tory bowel disease unclassified) in details.

Patterns of mucosal inflammation

Common endoscopic features of UC are highlighted with a diagram, ranging from erosions and ulceration to pseudopo-
lyps and strictures (Fig. 9.8). These features can overlap and coexist in a synchronous pattern. An individual patient
may present one or several lesions in the same or different segments of the large bowel.

Erosions and ulcers

Gastric or intestinal erosion is defined as inflamed mucous membrane with damage limited to the epithelium, basement
membrane, and lamina propria. Gastric or intestinal ulcer is defined as the damage to the gastrointestinal (GI) tract wall
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FIGURE 9.7 UC with primary sclerosing cholangitis after liver transplantation. (A) Normal distal ileum; (B) mild inflammation with erythema and
erosions at the distal 3 cm of the terminal ileum; (C) patulous ileocecal valve covered with normal mucosa; (D) colitis in remission with mucosa scars
(green arrow). Liver transplantation may help keep the patient’s colitis in remission. UC, Ulcerative colitis.

Ulcer with Erythema Mucosal scar Ulcers and Nodularity Sessile Nonulcerated Ulcerated
spontaneous and fibrosis edema pseudopolyps stricture stricture
bleeding

Erosions Edema Granularity Pedunculated
pseudopolyps

FIGURE 9.8 Patterns of inflammation in UC. From left to right: ulcers, erosions, mucosal scars/fibrosis, edema, nodularity, sessile and pedunculated
pseudopolyps, and strictures. UC, Ulcerative colitis.

that extends deeper through the wall than an erosion. An ulcer can extend anywhere from beyond the lamina propria to
right through the wall. On histology, there is acute loss of surface epithelium in a response to fibrin deposition and neu-
trophilic inflammation. Ulceration means that surface and crypt injury is accompanied by granulation tissue formation
(Fig. 9.9).
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FIGURE 9.9 Erosions and ulcers on colonoscopy and histology. (A) Erosions on edematous erythematous mucosa; (B) diffuse ulcers with pseudopo-
lyps, nodular mucosa, and spontaneous bleeding; (C) erosions: the small bowel mucosa shows villous blunting, detachment of surface epithelium from
the basement membrane, with minimal inflammation; (D) ulceration: the small bowel mucosa shows complete loss of surface and crypt epithelium,
accompanied by granulation and inflammation. Histology photo courtesy Xiuli Liu, MD, PhD, of University of Florida.

Aphthous or isolated erosions of the mucosa are not common in UC. Classic aphthous erosions are tiny (2—3 mm),
raised or flat red lesion with a white center. Erosions often coexist with other forms of mucosal inflammation, such as
erythema, edema, and granularity (Figs. 9.10 and 9.11).

Ulcers in the UC can be small or large, diffused or localized, shallow or deep, clean-based or exudate-covered,
raised or flat border, or irregular, serpiginous, or confluent (Fig. 9.12). Round, oval, well-demarcated ulcers or circum-
ferential or longitudinal ulcers are not common. The distinguishing endoscopic features of UC and CD are discussed in
Chapter 10, Indeterminate colitis and inflammatory bowel disease unclassified, and listed in Table 10.1.

Erosions and ulcers in UC or CD can be triggered or exacerbated by medications, such as nonsteroidal antiinflam-
matory drugs, sodium phosphates, or even corticosteroids (Fig. 9.13).

Erythema, edema, loss of vascularity, friability, and spontaneous bleeding

Erythema is defined as redness of mucous membranes resulting from hyperemia (increased blood flow) in superficial
capillaries. However, the terms of erythema and hyperemia have been used interchangeably (Fig. 9.14).

Edema or bowel swelling with abnormal accumulation of fluid in UC results from active inflammation and concur-
rent protein malnutrition. Edema often coexists with other forms of mucosal inflammation. In non-IBD patients with
severe protein malnutrition may present bowel wall edema in the absence of endoscopic inflammatory features
(Fig. 32.13).

Normal colon lining has a smooth and glistening pinkish color with a transparent surface mucosa and a visible net-
work of underneath branching vessels (Fig. 9.15A). Absent vascular pattern or vascularity can occur in mild, moderate,
and severe active colitis. It may also be seen in patients with endoscopic signs of disease in remission (Fig. 9.15B—D).

Friability of the mucosa is defined as break up of the surface and easy bleeding with contact. Spontaneous bleeding
is a condition in which active bleeding of the surface of gut mucosa without contact. The latter condition reflects more
severe inflammation than the former (Fig. 9.16).
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FIGURE 9.10 Erosions in UC commonly associated with other patterns of mucosal inflammation. (A) Erosions with friable mucosa and absent vas-
cularity; (B) erosions covered with mucopurulent exudates and absent vascularity; (C) erosions with mucopurulent exudates, punctate erythema, and
absent vascularity; (D) erosions with erythema and absent vascularity. UC, Ulcerative colitis.
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FIGURE 9.11 Additional patterns of erosions in UC. (A) and (B) Diffuse erosions with erythema and mucopurulent exudates; (C) diffuse erosions,
erythema, edema, and mucopurulent exudates; (D) erosions covered with particles of oral iron supplements. UC, Ulcerative colitis.
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FIGURE 9.12 Distinction between ulcer-associated denuded mucosa and pseudopolyps. (A)—(C) Deep ulcers with large areas of denuded mucosa
surrounded by “surviving” edematous and nodular mucosa; (D) pseudopolyps (blue arrow) near normal-appearing mucosa (green arrow), which can
be mistaken as deep ulcerated mucosa.

FIGURE 9.13 Medicine-associated erosions and mucosal hemorrhage in patients with underlying UC. (A) and (B) The patient treated with oral pred-
nisone 60 mg/day; (C) another patient with daily use of nonsteroidal antiinflammatory drugs; (D) a UC patient undergoing flexible sigmoidoscopy
who had sodium phosphate—based enema preparation. UC, Ulcerative colitis.



FIGURE 9.14 Diffuse and patchy erythema in UC. (A)—(C) Diffuse erythema and loss of vascular pattern of the colon; (D) patchy erythema with
intervening mucosal scars. UC, Ulcerative colitis.

) 712016
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FIGURE 9.15 Loss of vascular patterns in UC. (A) Normal vascular pattern underneath the colon epithelia; (B) mild colitis with erythema and loss
of vascular pattern; (C) moderate colitis with vascular pattern as well as erythema, hemorrhage, and lead piping of the lumen; (D) loss of vascular pat-
tern with mucosal scars, a sign of disease in remission. UC, Ulcerative colitis.



Ulcerative colitis Chapter | 9 121

FIGURE 9.16 Severe UC with spontaneous bleeding in the absence of deep ulcers. (A)—(D) Diffuse spontaneous bleeding with erythema, edema,
and large exfoliative erosions. UC, Ulcerative colitis.

Granularity, nodularity, and pseudopolyps

The term of granularity is used loosely to describe roughened mucosa. The distinction between granularity and nodular-
ity may be their sizes with shared underlying pathological processes (Fig. 9.17).

Nodularity is typically observed in active UC, which can be coarse, consisting of small or large nodules. Nodules
become elongated, becoming pseudopolyps. Mucosal nodularity in UC should be distinguished from cobblestoning in
CD. Cobblestoning of the distal ileum or colon on ileocolonoscopy, a feature of CD, is characterized by linear, longitu-
dinal, or serpiginous ulcers along the longitudinal axis of the colon, and intervening areas of normal or nodular,
inflamed tissues (Figs. 9.18 and 9.19).

Inflammatory or pseudopolyps are common in patients with long-standing colitis. The polyps can be sessile,
pedunculated, or elongated tubular. The polyps can be small or large in number and size and some of them may
have white caps. Those polyps can be in patients with active or quiescent UC (Figs. 9.20—-9.22). UC with exten-
sive deep ulceration and denuded mucosa or superficial submucosa can present endoscopic an appearance-
resembling pseudopolyps (Fig. 9.23). The presence of inflammatory polyps may contribute to patients’ diarrhea,
urgency, or bleeding. Whether UC patients with inflammatory polyps carry an increased risk for CAN is
debatable [15—17].

Inflammatory pseudopolyps should be differentiated from cap polyposis (CP). The latter is characterized by
erythematous, inflammatory colonic polyps with a mucofibrinopurulent cap. The etiology and pathogenesis of CP
are not clear. Current theories hold infection, mucosal ischemia, T cell—mediated inflammation, mucosal pro-
lapse, bowel dysmotility, and trauma from excessive straining. It may share some etiopathogenetic pathways with
diverticular colitis, as both disorders are commonly located at the rectosigmoid colon (Fig. 32.17). The polyps
may be sessile or pedunculated, often located at the apices of prolapsed mucosal folds. However, the intervening
mucosa is normal on endoscopy and histology, different from IBD-associated pseudopolyps. In addition, histology
of CP is featured with acute and chronic inflammatory changes and elongated, hyperplastic-appearing glands,
fibromuscular obliteration of the lamina propria, and inflammatory exudates composed of mucus, fibrin, and
leukocytes.



FIGURE 9.17 Patterns of granularity in UC with loss of normal smooth shining mucosa. (A) “Sandpaper”-like granularity, erythema, and mucopuru-
lent exudates of the mucosa; (B) the more coarse granularity of the mucosa; (C) mucosal granularity can be highlighted with narrowband imaging; (D)
smoother granularity with possible mucosal healing with adequate medical management. UC, Ulcerative colitis.

FIGURE 9.18 The transition from granularity to nodularity and pseudopolyps in UC. (A) Coarse granularity of mucosa; (B) nodularity resulting
from adjacent extensive ulceration; (C) nodular mucosa; (D) nodular mucosa on the way to form pseudopolyps. Notice that nodularity patterns in UC
lack longitudinal ulcers, in contrast to cobblestoning in Crohn’s disease. UC, Ulcerative colitis.



FIGURE 9.19 Nodularity and cobblestoning in colonic Crohn’s disease for the differential diagnosis. The patterns result from long linear or serpigi-
nous ulcers course along the longitudinal axis of the colon, with intervening areas of normal or inflamed tissues. (A) Diffuse nodularity of mucosa;
(B) and (C) cobblestoning mucosa almost formed; and (D) large-sized cobblestoning.

FIGURE 9.20 Pseudopolyps in active and quiescent UC. These polyps should be differentiated from cap polyposis, an idiopathic, noninflammatory
bowel disease condition. (A) Large pedunculated inflammatory polyps with surrounding nodular mucosa; (B) isolated pedunculated polyp with white
fibrinomucopurulent exudate on the top; (C) and (D) small sessile polyps in quiescent UC. UC, Ulcerative colitis.
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FIGURE 9.21 Inflammatory and vascular pseudopolyps in the setting of severe active UC. (A)—(C) Inflammatory pedunculated polyps in erythema-
tous and ulcerated mucosa; (D) small inflammatory polyps in the middle of deep, large ulcers. UC, Ulcerative colitis.

FIGURE 9.22 Elongated pseudopolyps in UC. (A) and (B) Elongated, tube-like polyps in quiescent UC; (C) and (D) similar polyps in active UC.
UC, Ulcerative colitis.
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FIGURE 9.23 Distinction between pseudopolyps and denuded mucosa. (A) and (B) Multiple pedunculated pseudopolyps with surrounding quiescent
mucosa; (C) and (D) large deep ulcers resulting in denuded mucosa, which makes adjacent survival mucosa resemble pseudopolyps.

Fibrosis and muscular hyperplasia

Intramucosal and submucosal fibrosis and hyperplasia of muscularis mucosae can occur in patients with UC, resulting
in mucosal scars, mucosal bridges (Fig. 9.24), "lead pipe" appearance of the lumen (Fig. 9.25), and benign strictures
(Fig. 9.26 A—C). Chronic mucosal inflammation can result in CAN or even malignant strictures (Fig. 9.26D).

Fibrosis is considered as a part of the healing process, which can be present in quiescent or active UC (Fig. 9.25).
Diffuse large bowel fibrosis, especially fibrosis in the rectum, may reduce the extensibility and compliance of bowel
wall, contributing to rectal urgency, increased bowel frequency, and decreased bowel consistency. Furthermore, the
fibrosis process can make endoscopic ablation procedures (such as endoscopic mucosal resection and endoscopic sub-
mucosal dissection) for CAN difficult [18].

Histologic evaluation

Adjunct to colonoscopy, histologic evaluation is an integral part of the diagnosis, differential diagnosis, disease moni-
toring, assessment of superimposed infections from cytomegalovirus, Epstein—Barr virus, or Clostridium difficile (by
trapping luminal contents during colonoscopy) and surveillance for CAN. Histologic evaluation of IBD is discussed in
a separate chapter (Chapter 15: Histologic evaluation of disease activity in inflammatory bowel disease).

Summary and recommendations

Ulcerative colitis can present with an array of acute, chronic, or quiescent endoscopic features. Accurate identification
and documentation of these endoscopic characteristics along with disease location and tissue biopsy are important for
the diagnosis, differential disease, disease activity monitoring, assessment of treatment response, and dysplasia surveil-
lance. These features constitute components of various endoscopic disease activity instruments. To assess the disease
extent and later on disease extension, the pretreatment index colonoscopy with intubation of the terminal ileum is a
key.



FIGURE 9.24 Mucosal scars and mucosal bridges in quiescent UC. (A)—(C) Extensive mucosal scars in three patients with UC in long-standing
remission; (D) mucosal bridge in the right colon. UC, Ulcerative colitis.

FIGURE 9.25 “Lead pipe” appearance from long-standing UC. The appearance of the smooth-walled and cylindrical colon with a loss of normal
haustral marks is best illustrated by barium enema. It may also be seen with colonoscopy. (A) and (B) The "lead pipe" appearance with active colitis;
(C) and (D) the “lead pipe sign” with quiescent disease, manifesting a tubular lumen and loss of vascularity and scars of the mucosa. UC, Ulcerative
colitis.
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FIGURE 9.26 Benign and malignant strictures in UC. (A) Distal rectal nonulcerated fibrotic benign stricture; (B) inflammatory strictures in the
proximal rectum; (C) tight nonulcerated benign stricture at the distal rectum undergoing endoscopic balloon dilation; (D) ulcerated malignant stricture
at the mid-rectum from long-standing UC. UC, Ulcerative colitis.
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Abbreviations

BWI backwash ileitis

CD Crohn’s disease

IBD inflammatory bowel disease

IBD-U inflammatory bowel disease unclassified

ICV ileocecal valve

GI gastrointestinal

IC indeterminate colitis

IPAA ileal pouch—anal anastomosis

NSAIDs nonsteroidal antiinflammatory drugs

PSC primary sclerosing cholangitis

ucC ulcerative colitis

VCE video capsule endoscopy

Introduction

Disease spectrum of Crohn’s disease (CD) and ulcerative colitis (UC) is beyond the two classic phenotypes.
Differential diagnosis between CD and UC is important for medical and surgical management and prognosis. For exam-
ple, oral antibiotics have been used as a first-line therapy for perianal CD, Crohn’s colitis, and prophylaxis and treat-
ment of postoperative CD, the agents are not recommended in the treatment of UC, with except in superimposed
Clostridium difficile infection. Restorative proctocolectomy with ileal pouch—anal anastomosis (IPAA) is the surgical
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treatment of choice for patients with classic UC who require colectomy, whereas the procedure is contraindicated in the
CD patients with ileitis, ileocolitis, transmural colitis,perianal disease, or upper gastrointestinal (GI) disease.

Differential diagnosis of CD and UC can be difficult. Endoscopy together with other diagnostic modalities may only
differentiate CD from UC in =85% of patients [1]. In a prospective study of more than 350 patients with inflammatory
bowel disease (IBD) followed up for more than 22 months, index colonoscopy and biopsy were accurate in distinguish-
ing CD from UC in 89% of cases. IBD diagnosis was revised in 4% of cases, and the diagnosis of indeterminate colitis
(IC) remained in 7% of cases [2]. A range of clinical, endoscopic, and histologic phenotypes cannot be easily classified
into CD or UC. Two terms have been widely used in clinical practice, that is, IC and IBD-type unclassified (IBD-U).
They may represent phenotypes of the wide spectrum of IBD (Chapter 1: Introduction and classification of inflamma-
tory bowel diseases). However, the characterization of endoscopic features of IC and IBD-U will help guide clinical
diagnosis, differential diagnosis, and management of the phenotypes of IBD.

Classic Crohn’s disease and ulcerative colitis

Crohn’s disease can affect any part of the GI tract, from the mouth to anus or perianal area, although it is predominantly
located at the distal ileum (L1 in the Montreal classification) and/or colon (L2 and L3) [3]. The disease distribution pat-
tern is typically discontinuous or segmental with skip lesions and rectal sparing. Anal or perianal lesions, such as fis-
sures, fistulas, skin tags, abscesses, and perianal dermatitis, are common in CD. It appears that the disease location and
length of bowel involved of a given patient remain relatively stable over the natural course. However, the transmural
inflammation in CD dictates its progression to both luminal (i.e., formation of strictures) and extraluminal (i.e., forma-
tion of fistulae and abscesses). Histologic features of CD are characterized by granulomatous infiltration and transmural
disease, in addition to chronic structural changes [e.g., crypt distortion, crypt branching, infiltration of mononuclear
cells of any layers of the bowel wall, fibrosis, muscular hyperplasia, and Paneth cells metaplasia (of the large bowel),
and pyloric gland metaplasia (of small and large bowel)]. The granulomas in CD are usually small in number and size
without central necrosis, that is, epithelioid noncaseating granulomas.

The disease process of classic UC is confined to the large bowel, that is, the rectum with or without the involvement
of the left part or majority of the colon, corresponding to E1, E2, and E3 phenotypes in the Montreal classification [1].
In the time of the initial diagnosis, before the exposure to medical therapy, all patients with UC have rectal involve-
ment. Patients with UC can have proctitis, left-sided colitis, or extensive colitis at presentation or initially have El or
E2 disease with subsequent proximal extension. The disease distribution pattern in UC is typically continuous, with a
sharp demarcation between the diseased and nondiseased segments (Chapter 9: Ulcerative colitis). On histology, the
depth of inflammation in UC is the mucosa, muscularis mucosae, and superficial submucosa. Like CD, UC is character-
ized by the presence of chronic structural changes with crypt distortion, infiltration of chronic inflammatory cells in the
lamina propria and superficial submucosa, basal lymphoplasmacytosis, and Paneth cells or pyloric gland metaplasia.

On histology, acute disease flare-up of CD or UC is featured with the infiltration of acute inflammatory cells such
as neutrophils and eosinophils, and the development of erosions, ulcers, and microabscesses. These histologic features
of acute disease activity are superimposed on chronic inflammatory structural changes. In clinical practice, mucosal
healing or transmural healing after effective medical therapy is defined the absence of these acute histologic disease
activities.

Distinguishing endoscopic features of CD and UC are listed in Table 10.1.

Definitions of indeterminate colitis and inflammatory bowel disease unclassified

The terms of IC and IBD-U are used loosely and almost interchangeably in clinical practice. The working group for the
Montreal classification recommended that the term of IC is limited to the setting of surgical histopathology of colect-
omy specimens [1,4—6]. Patients with severe UC or Crohn’s colitis and deep ulcers may have transmural inflammation
with lymphoid aggregates or microabscesses, which precludes a clear diagnosis of either disease. The term of colonic
IBD-U is applied in the situation in which ileocolonoscopy is inconclusive, and endoscopic inflammation and histologic
features of chronic inflammatory changes limited to the colon with the absence of diagnostic features of either CD or
UC [1]. Infectious etiologies have to be excluded. IBD-U may be applied to other situations, such as duodenitis, gastri-
tis, aphthous small bowel ulcers, and anal fistulae in UC and Crohn’s colitis with diffuse, continuous proctocolitis.
Those conditions may be categorized into CD variants or UC variants.
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TABLE 10.1 Endoscopic differential diagnosis between classic Crohn’s disease and ulcerative colitis.

Crohn’s disease Ulcerative colitis

Disease location Any parts of the gastrointestinal tract Colon and rectum

Disease distribution Segmental with skip lesions Continuous, extension proximally

pattern

Ileocecal valve Often strictured or deformed in ileitis Patulous in patients with primary sclerosing cholangitis or
or ileocolitis backwash ileitis

Ulcers in the colon Predominantly along the mesentery Small or large ulcers evenly distributed circumferentially even with
edge multiple linear ulcers

Stricture and fistula Common Fibrosis common; stricture rare; anal fistula rare

Perianal disease Common Rare

Crohn’s disease variants

CD may present with superficial lesions in a continuous distribution pattern.

Superficial or continuous inflammation in Crohn’s disease

Transmural lymphoid aggregates, one of the histologic hallmarks of CD more common in the ileum than colon, which
may explain the higher risk of strictures and fistulae in small bowel CD than CD colitis [7,8]. The disease process can
affect superficial layers of the bowel or even in a continuous pattern, like that in UC [9]. Diagnosis of CD is established
by the detection of noncaseating, nonmucinous granulomas, in the absence of evidence of intestinal tuberculosis.

Nonspecific small bowel erosions and ulcers

The extensive application of video capsule endoscopy (VCE) and device-assisted enteroscopy in small bowel disease
has opened “the can of worms.” In the absence of the use of nonsteroidal antiinflammatory drugs (NSAIDs), ischemia,
or infectious or neoplastic etiology, the finding of erosions or ulcers in the small bowel raises the possibility of CD or
immune-mediated enteritis. Persistent nonspecific isolated ileitis or ileal ulcers also exist (Fig. 10.1). The presence of
erosions or ulcers, especially without chronic inflammatory structural changes, is not necessarily pointing the diagno-
sis of small bowel CD [10]. Although VCE is more sensitive in the diagnosis of small bowel CD than computed
tomography enterography or small bowel follow-through, it suffers from a lower specificity [8,11]. The role of VCE
and enteroscopy in the diagnosis and differential IBD are discussed in Chapter 17, Capsule endoscopy in inflammatory
bowel disease, and Chapter 18, Enteroscopy in inflammatory bowel disease and inflammatory bowel disease—like
conditions.

Circumferential erosions or ulcers

Erosions and ulcers in a longitudinal fashion, especially those along the mesenteric edge is one of the hallmarks of CD.
The presence of longitudinal ulcers has been used to distinguish CD from intestinal tuberculosis. However, circumferen-
tial ulcers can occur in patients with small or large bowel CD, with more often being seen in in the upper small bowel
[12] or the neo-terminal ileum after ileocolonic resection and ileocolonic anastomosis (Fig. 10.2).

Ulcerative colitis variants

Ulcerative colitis may also present in nontraditional patterns, such as rectal sparing and patchy disease distribu-
tion. Occasionally, there are backwash ileitis (BWI) and nonspecific gastritis, duodenitis, or enteritis in patients
with UC.
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FIGURE 10.1 CD-like, persistent small bowel ulcers. (A—D) Persistent small ulcers in the terminal ileum and normal colon in a 36-year-old male.
The latest medicine was only colchicine. Colonoscopy was performed in 2012 (A), 2013 (B), 2014 (not shown), 2016 (C), and 2019 (D). Histology
revealed chronic active enteritis. The disease did not progress or became structuring disease in the absence of traditional therapy for CD. CD, Crohn’s
disease.
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FIGURE 10.2 CD with circumferential ulcers in the small and large bowels, in contrast to classic linear, longitudinal ulcers: (A and B) circumferen-
tial ulcers in the neo-terminal ileum after ileocolonic resection and (C and D) circumferential ulcers in the colon. CD, Crohn’s disease.
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Backwash ileitis

Patients with UC pancolitis may present with concurrent endoscopic and/or histologic inflammation in the terminal
ileum. The term of backwash ileitis (BWI) has been used. Various definitions of BWI have been used, based on the
length [5 cm [13] or 10 cm, or any length from 0.5 cm above ileocecal valve (ICV) [14]] of ileal involvement, way of
diagnosis (macroscopic, endoscopic, or histologic, or combinations [4,5,15]). Approximately 10%—30% of patients
with UC pancolitis have concurrent BWI [4—6,16]. Patients with UC pancolitis and BWI carry a higher risk for colitis-
associated neoplasia than those with UC pancolitis without BWI, or left-sided UC [4]. UC patients with primary scle-
rosing cholangitis (PSC) have a significantly higher risk for endoscopic [17] or histologic BWI [8,18].

On ileocolonoscopy, BWI is characterized by diffuse erythema, edema, granularity, loss of vascularity of mucosa
with or without superficial ulceration. The endoscopic pattern of mucosal inflammation of the ileum is similar to that in
the right colon. In contrast to CD ileitis, ICV in UC—BWTI is often widely patent or patulous, without ulceration, steno-
sis, or deformity (Figs. 10.3 and 10.4). On ileocolonoscopy and contrasted abdominal imaging, the terminal ileum and
ICV often show smooth and tubular appearance. On the contrary, patients with CD ileitis (L1) or CD ileocolitis (L3)
usually present with strictured or deformed ICV and discrete lesions or cobblestoning of the distal ileum mucosa
(Fig. 10.5).

The distribution of histologic inflammation can be focal, patchy, or diffuse. Histologic inflammation has even been
graded into: Grade 1, cryptitis; Grade 2, scattered crypt abscesses; Grade 3, numerous crypt abscesses; and Grade 4,
ulcer [5]. Normally, there is the absence of granulomas, transmural lymphoid aggregates, fissuring ulcers. Pyloric gland
metaplasia may be present in UC with BWI.

Rectal sparing and patchy colitis

Topical or systemic medical therapy may result in endoscopic and/histologic rectal sparing and patchy colitis in
adult patients [19,20]. It appears that rectal sparing and/or patchiness can occur in untreated pediatric UC patients
on the index colonoscopy [21,22]. Rectal sparing is common in patients with PSC—UC than those with UC only

FIGURE 10.3 UC with BWI: (A) diffuse mild enteritis with loss of normal vascularity and “ground glass” appearance; (B) patulous, “fish mouth”
ileocecal valve; and (C and D) diffuse mild colitis of the cecum and ascending colon, with a similar mucosal appearance to that in the distal ileum.
BWI, Backwash ileitis; UC, ulcerative colitis.



FIGURE 10.4 UC with BWI in a patient with concurrent PSC: (A) again, diffuse mild enteritis with loss of normal vascularity and “ground glass”
appearance; (B and C) patulous, “fish mouth” ileocecal valve; and (D) diffuse mild colitis of the cecum, with a similar mucosal appearance to that in
distal ileum. BWI, Backwash ileitis; PSC, primary sclerosing cholangitis; UC, ulcerative colitis.

FIGURE 10.5 Common patterns of ileitis and ileocecal valve abnormalities in two patients with CD: (A and C) strictured and deformed ileocecal
valves and (B and D) discrete ulcers or nodular mucosa (i.e., cobblestoning) in the terminal ileum. The patterns are different from UC with BWIL.
BWI, Backwash ileitis; CD, Crohn’s disease; UC, ulcerative colitis.
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FIGURE 10.6 UC with rectal sparing after medical therapy in a patient: (A—C) diffuse colitis with multiple inflammatory pseudopolyps in the
ascending, transverse, descending, and sigmoid colon and (D) normal rectal mucosa. UC, Ulcerative colitis.

(52% vs 6%) [15]. The rectum in these patients typically show normal mucosa and distensibility, which can be difficult
to distinguish from rectal sparing and segmental colitis in CD (Figs. 10.6 and 10.7). The diagnosis of UC with rectal
sparing has clinical implications. For example, colectomy with ileorectal anastomosis, instead of standard total procto-
colectomy with IPAA, may be performed in selected patients [23].

Periappendiceal or cecal patch

Periappendiceal or cecal patch occasionally can be found in patients with UC, which is found more common in male
patients with left-sided colitis than female patients or these with pancolitis [24]. Histologic inflammation of the periap-
pendiceal area in colectomy specimens of UC patients appears to be common. On colonoscopic, periappendiceal patch
presents with erythema around the orifice and cecal bases. In contrast, CD ileocolitis can also involve the cecal base,
typically presenting with ulcers, nodularity, or deformity, along with diseases in ICV and terminal ileum (Fig. 10.8).
The presence of cecal patch does not seem to impact the disease course or prognosis of left-sided UC [25].

Aphthous and longitudinal ulcers and other uncommon mucosal diseases

Aphthous erosions or ulcers in the distal ileum and proximal colon are common in CD. Histologic aphthous ulcers occa-
sionally can be seen in UC [26], while the lesions on endoscopy are rare, mainly representing mild colitis (Fig. 10.9A
and B). The use of NSAIDs or sodium phosphate-based bowel preparation should be excluded.

Longitudinal ulcers, especially those along the mesenteric edge, are an important endoscopic feature of CD.
However, these can also be encountered in UC (Fig. 10.9C; see Fig. 10.10). In this author’s experience, multiple longi-
tudinal ulcers in UC are often evenly distributed in the 360 degrees circumferential. In contrast, the distribution of
multiple longitudinal ulcers in CD is asymmetric, with deeper or more prominent ulcer(s) along the mesenteric edge
(Fig. 10.10).

Partial colectomy with colo-colonic anastomosis is not recommended for the treatment of left-sided UC. As the
disease recurrence after the surgery is a norm (Fig. 10.9D).
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FIGURE 10.7 Crohn’s colitis with rectal sparing: (A and B) diffuse colitis in the sigmoid and descending colons; (C) normal appearing rectum; and
(D) normal anal canal.

FIGURE 10.8 Periappendiceal or cecal patch in UC, in comparison with periappendiceal disease by CD: (A and B) diffuse proctitis in a patient with
UC, who also had periappendiceal inflammation with erythema (green arrow) and (C and D) an exit opening of CD ileosigmoid fistula at the distal
sigmoid colon (yellow arrow). CD, Crohn’s disease; UC, ulcerative colitis.
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FIGURE 10.9 Uncommon endoscopic features in UC: (A) Aphthous ulcers in the ascending colon; (B) aphthous ulcers and edematous mucosa in
the descending colon; (C) superficial longitudinal ulcers in the transverse colon; and (D) inappropriate partial colectomy in a patient with UC.
Multiple pedunculated inflammatory polyps at the colo-colonic anastomosis. UC, Ulcerative colitis.

. : TRES B
FIGURE 10.10 Longitudinal ulcers in UC as compared with CD: (A and B) Multiple longitudinal ulcers in the descending colon in two patients
with UC. The ulcers evenly involved all aspects of circumferences and (C and D) longitudinal ulcers in CD predominantly at the mesentery edge of
the descending colon (green arrows). CD, Crohn’s disease; UC, ulcerative colitis.
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Pseudogranulomas

Granulomatous inflammation in response to ruptured crypts can occur in patients with UC. This type of granulomas has
been termed pseudogranulomas, mucinous granuloma, or foreign body—associated granulomas, which are normally
located next to the ruptures crypts or ulcer beds. Since nonspecific gastritis or duodenitis can occur in patients with UC,
especially in the pediatric population, the pseudogranulomas or clusters of giant histiocytes have been detected near a
destructed gland in the gastric or duodenal mucosa [27].

Histologic features of UC-associated pseudogranulomas and CD-associated noncaseating granulomas are further dis-
cussed in Chapter 15, Histologic evaluation of disease activity in inflammatory bowel disease, and Chapter 34,
Histology correlation with common endoscopic abnormalities.

Transmural inflammation and indeterminate colitis

Transmural lymphoid aggregates or microabscesses can be found underneath fissuring ulcer bed in severe fulminant UC
[28,29]. This pattern of injury precludes a definitive diagnosis of UC or CD, leading to the pathological diagnosis of
IC. Nonetheless, transmural lymphoid aggregates or granulomas in CD may be present underneath the intact mucosa
(Fig. 10.11). The diagnosis of IC, however, may have clinical implications, especially the impact on the outcome of
restorative proctocolectomy with IPAA. Patients with IC undergoing the surgery carry a numerically higher risk for CD
of the pouch, complex perianal fistulas, pelvic abscess [26], anastomotic leaks, chronic pouchitis, and pouch strictures
than these with classic UC undergoing the same procedure [30]. On the other hand, extensive use of corticosteroids and
various biological agents to rescue the patients from colectomy may result in an increased proportion of individuals to
have IC who fail the medical therapy and undergo colectomy.

Strictures in the large bowel

Colon strictures in patients with UC should be carefully evaluated for malignancy. However, benign strictures can occur
in these patients. The underlying disease process includes fibrosis at the base of the lamina propria between the base of

FIGURE 10.11 Transmural disease in IC and Crohn’s colitis. (A and C) IC: Diffuse severe colitis with extensive ulcer (green arrow) and denuded
mucosa on macroscopic and microscopic examination and transmural lymphoid aggregates (blue arrow) and (B and D) in contrast, Crohn’s colitis
with luminal stricture (B) is characterized by transmural lymphoid aggregates and granulomas (yellow arrows) with intact mucosa. /C, Indeterminate
colitis. Photo (B) Courtesy Lisa Yerian, MD, of Cleveland Clinic.
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FIGURE 10.12 Fibrosis and stricture of the colon in UC: (A and B) mild nonulcerated stricture in the ascending colon, on white-light colonos-
copy and narrow banding imaging; (C and D) surgical colectomy specimen of diverticulitis, showing normal epithelia, lamina propria, muscularity
mucosae (green arrow); (D) colectomy specimen of UC, showing infiltration of acute and chronic inflammatory cells in the lamina propria, and basal
space. There were yperplasia and thickening of the muscularis mucosae causing stricture (yellow arrow). UC, Ulcerative colitis.

the crypts and the muscularis mucosae, hypertrophic muscularis mucosae, thickening and splaying of the muscularis
mucosae, and fibrosis involving the lamina propria, the muscularis mucosae, and the luminal aspect of the submucosa
(Fig. 10.12) [31].

Chronically active UC with deep ulcerations can result in transmural inflammation and associated tissue damage,
and fibrosis [5,6,23,32]. In a large series of 1156 UC cases, 42 (5.1%) were found to have endoscopic or radiographic
bowel narrowing [33]. Reported frequencies of benign strictures in UC ranged from 1% to 11% [29,34—37]. UC-
associated benign strictures are usually nonulcerated and circumferential (Figs. 10.13 and 10.14). They may affect any
parts of the colon or rectum. However, UC-associated anal or anal canal strictures are rare (Fig. 10.13). Tissue biopsy
should still be taken to rule out malignancy at the index colonoscopy and periodic follow up colonoscopy.

Upper gastrointestinal tract involvement

Upper endoscopy should be performed in patients as a part of workup for IBD [3]. In pediatric populations [38—40]
and Asian adult populations [41], the reported frequencies ranged from 33% to 66% in UC and 51% to 78% in CD; and
reported frequencies of endoscopic duodenitis ranged from 13% to 23% in UC and from 27% to 42% in CD. In UC
patients, gastritis or duodenitis can present with erythema, granularity, erosions, and ulcers (Fig. 10.15). Granulomas of
the stomach or duodenum on histology have been reported in 12%—28% of patients with IBD [3]. Other histologic
changes include acute or chronic, and focal or diffuse gastritis or duodenitis with crypt abscesses, lymphoid aggregates,
and ulcers [42]. Our group performed a retrospective study of 98 patients with UC who had both upper endoscopy and
colonoscopy, with 38 (38.8%) had biopsy of stomach and 36 (36.7%) had a biopsy of the duodenum. Thirty patients
(30.6%) had some forms of upper GI tract involvement. On histology, eight had active duodenitis and four had chronic
duodenitis. Prior exposure to immunomodulator therapy in UC patients was associated with a lower risk for duodenal
inflammation than those without. Of the 30 patients, 6 patients had stained positively for IgG4 immunohistochemistry
(Fig. 10.16) [43]. Besides, patients with UC—PSC may have endoscopic or histologic duodenitis, especially in the second
part of the duodenum (Fig. 10.17).
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FIGURE 10.13 Anorectal ring strictures in UC versus CD: (A and B) nonulcerated stricture at the distal rectal in a patient with UC on long-term
antitumor necrosis factor therapy. The stricture was dilated with endoscopic balloon and (C and D) tight ulcerated stricture at the anal canal, which
was treated with endoscopic needle knife stricturotomy. CD, Crohn’s disease; UC, ulcerative colitis.

FIGURE 10.14 Benign colon strictures in UC as compared with that in CD. Benign UC strictures are usually nonulcerated: (A) mild smooth stric-
ture in the rectosigmoid junction in UC; (B) inflammatory strictures from edema and pseudopolyps in UC; and (C and D) ulcerated strictures of the
left colon in CD. CD, Crohn’s disease; UC, ulcerative colitis.
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FIGURE 10.15 Gastritis, gastropathy, and duodenopathy in UC: (A and B) antral and body gastritis with linear erythema in two UC patients; (C)
linear nodularity in the gastric body and antrum in a UC patient with ileal pouch—anal anastomosis and sleeve gastrectomy; and (D) the same patient
had diffuse erythema and nodularity of entire duodenum. UC, Ulcerative colitis.

sitive (pink) plasma
cells of the lamina propria of duodenal biopsy; and (D) IgG4-positive (brown) plasma cells in the lamina propria. UC, Ulcerative colitis.
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FIGURE 10.17 Duodenitis in concurrent UC and PSC: (A and B) granular duodenum mucosa, a transpapilla stent was in place for the treatment of
PSC; (C) dilated and strictured intrahepatic bile ducts on magnetic resonance cholangiopancreatography; and (D) classic histologic features of PSC
with “onion skin-like” concentric periductal fibrosis involving interlobular bile ducts. PSC, Primary sclerosing cholangitis; UC, ulcerative colitis.

Postcolectomy enteritis syndrome

This phenotype occurs in few UC patients after colectomy and ileostomy with or without the construction of the ileal
pouch (Fig. 10.18) [44—47]. The etiology of this syndrome is unknown. The patients present with increased ileostomy
output, severe dehydration, malnutrition, and fever; and poorly respond to corticosteroids or immunosuppressive medi-
cations. Early reestablishment of bowel continuity may be helpful. Upper endoscopy or ileoscopy via stoma typically
show diffuse enteritis with granularity, nodularity, exudates, edema, and ulcers. Histology often shows diffuse superfi-
cial acute and chronic inflammation, crypt distortion, with no skipping lesions or noncaseating granulomas. These endo-
scopic and histologic patterns are different from these of CD enteritis.

Anal and perianal diseases

Anorectal dysfunction has been listed as one of signs for disease progression in UC, along with the proximal extension,
stricturing, pseudopolyposis, dysmotility, and impaired permeability [48]. Distal rectal prolapse can occur in both UC
and CD patients. The prolapsed rectum may present as distal anterior or circumferential proctitis or rectal cuffitis (in
patients with IPAA) or even fistulae (Fig. 10.19). The main complaint is dyschezia.

Chronic anal fissures can occur in patients with UC as well as CD (3% vs. 6%) [49]. African American patients
were shown to be at risk [45]. UC may also been associated with Type 1 (i.e., large, hard, edematous, cyanotic, pain
near or from healed fissures or ulcers) or Type 2 (i.e., “elephant ear” type, soft, flat, broad or narrow, various size,
smooth, painless) skin tags [50]. In UC patients, Type 1 skin tags are more common than Type 2. Unlike CD, concur-
rent perianal fistulae or abscesses are rare (Fig. 10.20).

Perianal fistulae or abscesses can also occur in patients with UC [51]. The cumulative incidence rates of perianal
sepsis (abscess or fistula) were 2.2% and 4.5% at 5 and 10 years, respectively [52]. The fistula and abscess are normally
simple, small, and single track, largely resulting from cryptoglandular source (Fig. 10.21). The risk factors for perianal
fistulas and abscesses included male gender and extensive disease [48].
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FIGURE 10.18 Postcolectomy (for ulcerative colitis) enteritis syndrome. Diffuse enteritis on endoscopy (via stoma) (A—D) and histology (E).
Courtesy Chang S, Shen B. In: Shen B, editor. Interventional inflammatory bowel disease. Elsevier; 2018; p. 27.
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FIGURE 10.19  Anorectal dysfunction in UC and CD: (A and B) rectal cuff prolapse in a patient with ileal pouch—anal anastomosis for refractory
UC. Prolapsed mucosa was edematous and ulcerated, with a fistula formed between folds on a guidewire (green arrow) and (C and D) distal anterior
rectal prolapse with nodular mucosa in a patient with small bowel CD. CD, Crohn’s disease; UC, ulcerative colitis.
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FIGURE 10.20 Comparison of skin tags in UC and CD: (A and B) skin tags in UC are typical of Type 1 or nontender “elephant ear” type and (C
and D) skin tags of CD can be Type 1 or Type 2, which are often associated with other perianal diseases, such as perianal fistula or abscess, as shown
here. CD, Crohn’s disease; UC, ulcerative colitis.

FIGURE 10.21 Perianal fistulae and abscesses in UC: (A and B) small abscess resulting from superficial extrasphincter fistula; (C) the fistula open-
ing at the dentate line, suggesting cryptoglandular source; and (D) the simple extrasphincter on magnetic resonance imaging. UC, Ulcerative colitis.
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Summary and recommendations

Patients with IBD lack of classic features of CD or UC have been classified into IC or IBD-U. These patients often
have overlapping clinical, endoscopic, histologic, and radiographic features of CD and UC. The terms of CD variants
and UC variants are used. CD variants and UC variants may represent phenotypes within a wide spectrum of IBD. The
impact of the diagnoses on the management and prognosis warrants further studies. We anticipate that further classifica-
tion of IC, IBD-U, or CD or UC variants is possible with the incorporation of clinical, endoscopic, radiographic, histo-
logic, serological and genetic markers.
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Chapter 11

Ulcerative colitis: postsurgical

Bo Shen
Center for Inflammatory Bowel Diseases, Columbia University Irving Medical Center-New York Presbyterian Hospital, New York, NY, United States
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ATZ anal transition zone

CD Crohn’s disease

IPAA ileal pouch—anal anastomosis

IRA ileorectal anastomosis

PDAI the Pouchitis Disease Activity Index

PVF pouch-vaginal fistula

RPC restorative proctocolectomy

ucC ulcerative colitis

Introduction

For the past two decades, we have witnessed rapid progress in medical management of ulcerative colitis (UC).
However, it is estimated that approximately 20%—25% of UC patients would eventually require surgical intervention
[1,2]. There appears to be a trend in a reduced rate of colectomy [2], which may be attributed to a better disease control
with a wide use of immunomodulators and biological agents. Medically refractory disease, poor tolerance of medicines,
and colitis-associated neoplasia are the main indications for colectomy. A variety of surgical treatment modalities have
been performed, resulting in an altered bowel anatomy, which can pose a challenge for postoperative assessment, moni-
toring, and management of the disease with endoscopy. In this chapter the author highlights common UC-associated
surgical procedures, bowel anatomy after the surgery, and landmarks and diseased conditions on endoscopic evaluation.

Following colectomy, ileorectal anastomosis (IRA) (Fig. 11.1) may occasionally be performed in a highly selected
patient population with refractory UC, such as female patients with limited inflammation of the rectum and concern on
adverse impact of the ileal pouch surgery on fecundity and those with significant comorbidities [3]. However, restor-
ative proctocolectomy (RPC) with construction of ileal pouch—anal anastomosis (IPAA) is the surgical treatment of
choice for patients with UC or familial adenomatous polyposis who require colectomy. If a single-stage RPC and IPAA
is to be performed, it would involve total proctocolectomy, construction of an ileal pouch reservoir, and anastomosis of
the pouch and anal transition zone (ATZ). As the surgery is reconstructive in nature and the majority of patients with
UC have inflamed large bowel, RPC is normally performed in either two or three stages. The two-stage surgery is nor-
mally consisted total proctocolectomy and construction of an ileal pouch with anastomosis to ATZ and diverting loop
ileostomy, followed by ileostomy closure. In contrast, the three-stage surgery consists of colectomy, the Hartmann pro-
cedure (i.e., diverted rectal stump), diverting ileostomy as the first stage (Fig. 11.2); completion proctectomy, construc-
tion of an ileal pouch reservoir with anastomosis to ATZ, and diverting loop ileostomy as the second stage; and closure
of loop ileostomy as the final stage. The three-stage RPC and pouch surgery is reserved for patients with risk for
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FIGURE 11.1 IRA for ulcerative colitis. The IRA procedure may be reserved for a highly selected patient population, such as gestational-age female
patients who are concerned about the impact of pelvic pouch surgery on fecundity and have minimum inflammation of the rectum. (A) Normal neo-
terminal ileum proximal to IRA; (B) diffuse proctitis, which often requires long-term medical therapy. The procedure will not burn the bridge for
future pouch surgery, if indicated. The anatomy is illustrated by gastrografin enema (middle figure) and artist’s depiction (right figure).
IRA, Tleorectal anastomosis. Courtesy Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 11.2 Colectomy with end ileost-
omy in ulcerative colitis as the initial stage of
restorative proctocolectomy. (A) Brooke end
ileostomy with normal mucosa of the neo-
terminal ileum; (B) inflammation of Hartmann
pouch (i.e., stapled rectal stump with proximal
fecal diversion). The anatomy is illustrated by
artist’s depiction (right figure). Courtesy
Mr. Joel Pangrace of Cleveland Clinic.

CCF
®2000

developing postoperative complications, such as those with severe colitis or under marked immunosuppression. In
patients with severe colitis, mucous fistula is intentionally constructed with the rectal or sigmoid colon stump being
sutured to the fascia of abdominal wall, which can lead to a colocutaneous fistula (Fig. 11.3) (Table 11.1).

A variety of configurations of the ileal pouch have been designed, with J pouch (Fig. 11.4), S pouch (Fig. 11.5),
W pouch (Fig. 11.6), H pouch (Fig. 11.7), and the continent ileostomies, that is, Kock (K) pouch (Fig. 11.8) and
Barnett continent ileal reservoir (Fig. 11.9). The choice among commonly performed pelvic pouches (J or S) versus
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FIGURE 11.3 Colectomy with end ileostomy and mucus fistula for severe ulcerative colitis as the initial stage of restorative proctocolectomy.
(A) Brooke end ileostomy (green arrow) and opening of mucus fistula (yellow arrow); (B) normal mucosa of the neo-terminal ileum; (C) internal
opening of the mucus fistula; (D) Hartmann pouch, that is, colorectal stump with proximal fecal diversion. The anatomy is illustrated by the artist’s
depiction (right figure). Courtesy Mr. Joel Pangrace of Cleveland Clinic.

TABLE 11.1 Surgical modalities for ulcerative colitis.

Subcategories

Examples of diseased conditions

Colectomy Subtotal colectomy or Diversion colitis
colectomy
Total proctocolectomy Persistent perineal sinus
Completion proctectomy
Mucus fistula Mucus discharge
lleorectal anastomosis Proctitis
Ileostomy End ileostomy Postcolectomy enteritis; stoma prolapse, stenosis,

Loop ileostomy

retraction; peristomal ulcer, or pyoderma
gangrene nodosum

Various pouch disorders, such as pouchitis,

Crohn’s disease of the pouch

Pelvic pouch configurations ) pouch

S pouch

W pouch

H pouch
Abdominal pouch or continent ileostomy Kock pouch

configuration

Barnett continent ileal
reservoir

lleal pouch—anastomosis pattern Handsewn Stricture; anastomotic leak or sinus
Stapled
Management of distal rectum or anal Mucosectomy Cuffitis

transition zone mucosa

Without mucosectomy
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FIGURE 11.4 Anatomy of a J pouch. (A) Proximal part of the pouch body with an owl’s eye configuration, one eye leading to the tip of the “J” and
the other heading to the afferent limb; (B) distal part of the J pouch linked to the cuff with an anastomosis. The landmarks are highlighted on gastro-
grafin enema (middle figure) and the artist’s illustration (right figure). Courtesy Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 11.5 Anatomy of an S pouch. (A) Unlike J pouch, the S pouch body does not have owl’s eye configuration at the proximal pouch and has
a larger volume; (B) retroflex view of the pouch body, which is typically larger than that of the J pouch. The landmarks are highlighted on gastrogra-
fin enema (middle figure) and the artist’s illustration (right figure). Courtesy Mr. Joel Pangrace of Cleveland Clinic.

abdominal pouches (K pouch) is determined by patient’s anatomy and underlying disease (e.g., body mass index, length
of mesentery, and function of anal sphincter) and surgical expertise. In addition, various techniques of construction of
IPAA are used, including handsewn versus stapled and mucosectomy versus without mucosectomy (Fig. 11.10). J pouch
with a stapled anastomosis and without mucosectomy is preferred surgical modality. The latter approach is normally
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FIGURE 11.6 Anatomy of a W pouch. W pouch is
created with an intention of augmentation of pouch
volume and subsequent reduction in bowel frequency.
The procedure has been largely abandoned in surgical
practice due to high risk for complications. (A and B)
Forward and retroflex view of the pouch body, which
is typically larger than that of the J or S pouches. The
landmarks are highlighted on the artist’s illustration
(right figure). Courtesy Mr. Joel Pangrace of
Cleveland Clinic.

FIGURE 11.7 Anatomy of an H pouch. H pouch is created with isoperistaltic fashion, for technical reasons which are prohibitive for the J or S
pouch. The efferent limb is made from a segment of distal ileum. (A and B) Forward and retroflex view of the pouch body. The long efferent limb is
highlighted with a green arrow. An angulation of the efferent limb can cause obstruction. The landmarks are highlighted on gastrografin enema (mid-
dle figure) and artist’s illustration (right figure). Courtesy Mr. Joel Pangrace of Cleveland Clinic.

performed in UC patients with colitis-associated neoplasia. J or S pouches with handsewn anastomosis with mucosect-
omy are usually performed in UC patients with colitis-associated neoplasia being indications for colectomy
(Table 11.1).

The creation of a diverting end or loop ileostomy is often required in the staged RPC and IPAA for the purpose of
maturity of the newly created pouch reservoir. In addition, temporary or permanent fecal diversion with an ileostomy
can also be used for the treatment of medically or endoscopically refractory pouch disorders (Table 11.1). A rare, de
novo disease entity, named postcolectomy enteritis, can occur in UC patients who undergo colectomy and ileostomy,
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FIGURE 11.8 Kock pouch. Unique structure is the nipple valve through the abdominal wall, to keep continence and the patient does not need the
use of external appliance. Fecal content of the pouch is emptied through self-catheterization. (A) Retroflex view of the nipple valve; (B) opening of
the nipple valve, typically located at the right lower quadrant. The landmarks are highlighted on gastrografin enema (middle figure) and the artist’s

illustration (right figure). Courtesy Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 11.9 Variant of Barnett continent ileal reservoir. This pouch configuration is a form of continent ileostomy. The main structure which is
different from a Kock pouch is a loop of small bowel wrapping around the valve. (A and B) Retroflex view of the pouch body showing a loop of
bowel wrapping around the valve. The landmarks are highlighted on gastrografin enema via valve (middle figure) and the artist’s illustration (right fig-

ure). Courtesy Mr. Joel Pangrace of Cleveland Clinic.
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FIGURE 11.10 Stapled versus handsewn
anastomosis at pelvic pouch construction.
(A and B) Stapled anastomosis without muco-
sectomy on illustration and endoscopy. The
cuff is highlighted with a green dot line; (C
and D) handsewn anastomosis with mucosect-
omy on illustration and endoscopy. The anal
transition zone is highlighted with a yellow
dot line. Courtesy Mr. Joel Pangrace of
Cleveland Clinic.

FIGURE 11.11 Postcolectomy enteritis in
ulcerative colitis. With unknown etiology, this
disease entity occurs in few ulcerative colitis
patients immediately after colectomy and
diverting ileostomy. (A) Diffuse enteritis with
ulcers and granularity of ileal mucosa on ileo-
scopy via stoma; (B) normal ileal pouch on
endoscopy with proximal fecal diversion; (C)
histology of ileoscopy biopsy showed intact
villi with neutrophil infiltration in epithelia,
that is, cryptitis, and mononuclear cell infiltra-
tion in the lamina propria .

with or without creation of a pouch. Postcolectomy enteritis is characterized by diffuse mucosal inflammation of small
bowel, starting from the stoma site, extending proximally (Fig. 11.11).

Temporary stoma would require eventual closure. Loop ileostomy can be closed with side-to-side (Fig. 11.12) or
end-to-end anastomosis (Fig. 11.13). The bowel segment at the side-to-side anastomosis site is featured with a dilated
lumen, making a false pouch on top of real pouch (Fig. 11.12) and causing symptoms of bloating and pain. In contrast,
strictures are common patients with end-to-end anastomosis site (Fig. 11.13).

RPC with IPAA significantly improves patient’s health-related quality of life, by preservation of the natural route of
defecation. However, surgery-associated adverse sequelae can occur. Those adverse sequelae have been classified into



154  Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

FIGURE 11.12 Loop ileostomy site in ulcerative colitis for temporary fecal diversion, as a part of staged restorative proctocolectomy. Side-to-side
anastomosis is performed for ileostomy closure after ileal pouch is “matured.” (A and B) Side-to-side anastomosis site with luminal dilation, making a
false pouch body over real pouch body. The anatomy is also illustrated with gastrografin enema (middle figure) and the artist’s depiction (right figure).
Courtesy Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 11.13 Loop ileostomy site closed with
end-to-end anastomosis. (A and B) Strictured end-to-
end anastomosis on CT and small bowel series (green
arrow); (C) endoscopic balloon dilation of the
stricture.

five categories: (1) structural complications, (2) inflammatory conditions, (3) functional disorders, (4) neoplastic condi-
tions, and (5) metabolic abnormalities [4], which have been proposed in the Cleveland Clinic Classification of Ileal
Pouch Disorders [5] (Table 11.2). The majority of those post—ileal pouch surgery-associated disorders can be reliably
evaluated with endoscopy. Surgery-associated structural or mechanical complications can mainly be divided into two
broad categories, obstructive lesions and anastomotic or suture-line leaks. Common obstructive entities include stric-
tures, afferent limb syndrome (Fig. 11.14), efferent limb syndrome (Fig. 11.15), prolapse or pouchocele, pouch septum
or bridge, and twisted pouch (Fig. 11.16). On the other hand, chronic suture-line or anastomosis leaks can lead to the
formation of sinuses or fistulae. The most common location of the sinus is the presacral space, commonly resulting
from anastomotic leak at posterior side. The sinus can be treated with endoscopic sinusotomy by cutting the pouch wall
between the sinus and pouch body (Fig. 11.17) [6]. The leaks can also cause fistulae, including pouch-to-pouch, entero-
cutaneous, or perianal. To enhance the opportunity for the detection of fistula, various endoscopic techniques can be



TABLE 11.2 The Cleveland classification of ileal pouch disorders.

Surgical and mechanical
disorders

Leak

Anastomotic or suture leak or separation

Pelvic abscess or sepsis

Pouch sinus

Pouch fistula

Obstruction

Stricture

Afferent limb syndrome and efferent limb
syndrome

Twisted pouch, folded pouch

Prolapse, pouchocele

Pouch septum

Others

Infertility and sexual dysfunction

Portal—mesenteric vein thrombi

Sphincter injury or dysfunction

Inflammatory disorders

Pouchitis

Microbiota associated

Autoimmune associated

Ischemia associated

Cuffitis

Steroid/Mesalamine responsive

Steroid/Mesalamine dependent

Steroid/Mesalamine refractory

Crohn’s disease of the pouch

Inflammatory

Stricturing

Fistulizing

Proximal small bowel bacterial overgrowth

Inflammatory polyps

Functional disorders

Irritable pouch syndrome

Dyssynergic defecation

Saw-tooth contraction

Poucholgia fugax

Pseudo-obstruction or megapouch

Neoplastic disorders

Neoplasia originated from intestinal epithelia

Neoplasia at the cuff or anal transitional zone

Neoplasia at the pouch body

Neoplasia at the afferent limb

Neoplasia from squamous cell

Neoplasia of hematogenous origin

Lymphoma

Systemic mastocytosis

Metastatic cancer

Melanoma

Systemic and metabolic
disorders

Anemia

Anemia of chronic disease

Iron-deficiency anemia

Bone loss

Vitamin D deficiency

Vitamin B12 deficiency

Bile acids

Nephrolithiasis

Celiac disease

Preexisting celiac disease

De novo celiac disease
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FIGURE 11.14 Afferent limb syndrome resulting from angulation at the junction of the afferent limb and pouch body or redundancy of afferent
limb. (A) An angulation at the pouch inlet which prevents an easy intubation of the afferent limb (green arrow); (B) a through-the-scope balloon was
used to guide the intubation; (C) a loop of the small bowel was trapped between the pouch body and tailbone, causing an angulated inlet (blue arrow).
The landmarks are highlighted with barium defecography and and the trapped afferent limb (blue arrow) theartist’s illustration (right figure). Courtesy

Mr. Joel Pangrace of Cleveland Clinic.

FIGURE 11.15 Efferent limb syndrome in an S pouch. It often results from an excessively long efferent limb, with angulation between the limb and
pouch body. Common symptoms are bloating, nausea, and dyschezia. (A) Endoscopic view of the long efferent limb, with normal mucosa; (B) a retro-
flex view of pouch body. The landmarks are highlighted with barium defecography (middle figure) and the artist’s illustration (right figure) . Courtesy

Mr. Joel Pangrace of Cleveland Clinic.
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FIGURE 11.16 Obstructive disorders after
pouch surgery. (A) Prolapse of anterior wall
of the distal pouch body blocking the outlet,
detected by endoscopic aspiration of air;
(B) mucosal bridge in the pouch body, result-
ing in a compartmentalized pouch body; (C)
distal pouch septum, blocking the pouch out-
let; (D) twisted distal pouch body, causing
obstruction.

FIGURE 11.17 Presacral sinus from anastomotic or suture-line leaks in the ileal pouch. (A) Opening of presacral sinus resulting from chronic
pouch—anal anastomosis leak (green arrow); (B) status of postendoscopic sinusotomy of the presacral sinus. Notice that endoclips were placed to
keep the orifice of the incised sinus open; (C) the sinus is demonstrated on gastrografin enema; (D) illustration of presacral sinus (green arrow).
Courtesy Mr. Joel Pangrace of Cleveland Clinic.



FIGURE 11.18 Pouch fistula. (A and B) Forward
and retroflex view of a fistula at the anterior wall of
the distal pouch body, with the placement of a soft-tip
guide wire; (C) the fistula was shown on gastrografin
enema (green arrow).

FIGURE 11.19 Pouch fistula from suture-line or staple-line
leak. (A) Pouch-to-pouch fistula from a chronic suture-line leak,
detected by a guide wire; (B) endoscopic fistulotomy of the
pouch-to-pouch fistula in action with needle knife; (C and D)
illustration of pouch-to-pouch fistula before and after endoscopic
fistulotomy. Courtesy Mr. Joel Pangrace of Cleveland Clinic.

which was undergoing endoscopic closure with over-the-scope clipping; (C) a linear leak at the tip of the “J” detected with gastrografin enema;

>

(D) illustration of the J pouch and the leak (green arrows). Courtesy Mr. Joel Pangrace of Cleveland Clinic.
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FIGURE 11.21 Etiology of PVF.
(A) Illustration of PVF; (B) posterior wall of
the vagina can be trapped between stapled
heads during pouch construction, resulting in
an iatrogenic PVF with normal mucosa around
the fistula opening (green arrow); (C) Crohn’s
disease—associated fistula with inflamed anal
transition zone (yellow arrow); (D) small cryp-
toglandular fistula opening at the dentate line
with surrounding normal squamous mucosa
(blue arrow). PVF, Pouch-vaginal fistula.
Courtesy Mr. Joel Pangrace of Cleveland
Clinic.

FIGURE 11.22 Pouch-vaginal fistula. The common causes of the fistula are iatrogenic trauma from stapler, Crohn’s disease, and cryptoglandular
abscess. (A) Forward view of the orifice of a pouch-vaginal fistula at the anal transition zone; (B) retroflex view of the fistula with a soft-tip guide
wire; (C) the fistula is demonstrated on gastrografin enema; (D) illustration of pouch-vaginal fistula with a retroflexed endoscope. The vaginal fistula
opening and tract are highlighted with green arrows. Courtesy Mr. Joel Pangrace of Cleveland Clinic.
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TABLE 11.3 The pouchitis disease activity index [8].

Category Subcategory Score
Clinical Stool frequency

Usual postoperative stool frequency 0

1-2 stools/day > postoperative usual 1

3 or more stools/day > postoperative usual 2

Rectal bleeding

None or rare 0

Present daily 1

Fecal urgency

None 0
Occasional 1
Usual 2

Fever (temperature >37.8°C)

Absent 0
Present 1
Endoscopy Endoscopic inflammation
Edema 1
Granularity 1
Friability 1
Loss of vascular pattern 1
Mucous exudate 1
Ulceration 1
Acute histological inflammation Polymorphonuclear leukocyte infiltration
Mild 1
Moderate + crypt abscess 2
Severe + crypt abscess 3

Ulceration per low power field (mean)

<25% 1
=25%—=50% 2
>50% 3

used, including retroflex of the scope and application of a guide wire (Figs. 11.18 and 11.19). Endoscopic fistulotomy
can be attempted in the treatment of pouch fistulae (Fig. 11.19) [7]. Another common place prone to suture-line or
staple-line leak is the tip of the “J” of a J pouch (Fig. 11.20).

Pouch-vaginal fistula (PVF) is a unique entity related to RPC and IPAA. PVF can result from iatrogenic injury from
staple head, Crohn’s disease (CD) of the pouch, or cryptoglandular abscess. The distinction among the etiology may be
made on the basis of endoscopic features (Fig. 11.21). The internal opening of PVF is often better visualized with a ret-
roflexed scope (Fig. 11.22).

Inflammatory disorders of the pouch are common, with the most common forms being pouchitis, CD of the pouch,
and cuffitis. Endoscopic evaluation plays a key role in their diagnosis, differential diagnosis, disease monitoring, dys-
plasia surveillance, and therapy. Pouch endoscopy or pouchoscopy is routinely used for the quantification of pouch
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FIGURE 11.23 Endoscopic features reflecting the PDAI with a range 0—6. (A) Edema; (B) granularity; (C) friability; (D) loss of vascular pattern;
(E) mucous exudates; (F) ulcers. Each feature contributes 1 point to the total of PDAI endoscopy subscores. PDAI, the Pouchitis Disease Activity Index.

FIGURE 11.24 Classic primary microbiota-
associated pouchitis. This phenotype of pou-
chitis is characterized by the presence of
diffuse inflammation limited to the pouch
body. (A) Normal afferent limb (green arrow)
and patent pouch inlet; (B and C) diffuse mod-
erate inflammation of whole pouch body with
erythema, exudates, and loss of vascular pat-
tern; (D) normal cuff.

inflammation. In fact, among various diagnostic instruments for pouchitis, endoscopy provides the most reliable
approach for the measurement of pouch inflammation [8]. The 18-point Pouchitis Disease Activity Index (PDAI), con-
sisting symptom, endoscopy, and histology subscores with each having 0—6 patients, is most commonly used
(Table 11.3) [9]. The 6-point PDAI endoscopy subscores contain six endoscopic features for the description of inflam-
mation, ranging from edema to ulceration (Fig. 11.23). Pouchitis is considered a disease spectrum with ranging etiol-
ogy, disease course, and prognosis. Pouchitis may be broadly categorized into microbiota-associated (Fig. 11.24),
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FIGURE 11.25 Patterns of immune-
mediated pouchitis and enteritis. The classic
example of this entity is PSC-associated pou-
chitis and enteritis. Sometimes, it can involve
the duodenum. (A) Duodenum biopsy was
taken in a patient with PSC and biliary stent to
rule out duodenitis; (B) diffuse enteritis with a
pseudopolyp in a long segment of the afferent
limb above the pouch body; (C) diffuse
inflammation at the pouch body with a widely
patent pouch inlet; (D) mild diffuse inflamma-
tion of the rectal cuff. PSC, Primary sclerosing
cholangitis.

FIGURE 11.26 Patterns of ischemic pouchi-
tis and cuffitis. The disease entities are diag-
nosed mainly on the basis of distribution of
inflammation. (A) Inflammation is limited to
the distal pouch body; (B) ulcers along the
vertical staple line in the pouch body; (C)
large, triangular-shaped ulcer at the distal
pouch with a sharp demarcation; (D) the same
patient as in (C) also had a semicircumferen-
tial ulcer in the cuff.

immune-mediated (Fig. 11.25), and ischemia-associated (Fig. 11.26) phenotypes, based on speculated etiopathogenetic
pathways. A careful endoscopic evaluation of the distribution of pouch inflammation may provide clues for the diagno-
sis of the subtypes of pouchitis (Figs. 11.24—11.26).

CD of the pouch can occur in patients with RPC and IPAA who have a preoperative diagnosis of UC or indetermi-
nate colitis, with the majority of the patients having de novo CD. CD of the pouch can be classified into inflammatory
(Fig. 11.27), stricturing (Fig. 11.28), and fistulizing (Fig. 11.29) phenotypes. Endoscopic evaluation is an important
modality for the diagnosis and differential diagnosis of phenotypes of CD along with other pouch disorders.

In some patients with IPAA, a phenotype of enteritiswas coined with the term "prepouch ileitis." The phenotype has
been considered as a CD-like condition. Its representative endoscopic features are listed in Fig. 11.30.
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FIGURE 11.27 Patterns of inflammatory
phenotype of Crohn’s disease of the pouch.
(A) Small erosions in a long segment of the
afferent limb; (B) discrete small ulcers at the
afferent limb; (C) patchy distribution of ulcer-
ation in the pouch body; (D) nodular anal tran-
sition zone.

FIGURE 11.28 Patterns of stricturing phe-
notype of Crohn’s disease of the pouch.
(A) Stricture undergoing endoscopic dilation
at the end-to-end anastomosis at the previous
loop ileostomy site; (B) ulcerated stricture at
the afferent limb; (C) stricture at the inlet with
segmental inflammation at the pouch body;
(D) stricture at the pouch—anal anastomosis
with nodularity of the cuff.

Classic cuffitis has been considered a residual UC. Endoscopic evaluation is valuable for the diagnosis, disease mon-
itoring, and differential diagnosis of cuffitis. The Cuffitis Activity Index, which is modified from PDAI, has been pro-
posed and used for the diagnostic evaluation [10]. The endoscopy provides six features with each accounting for
1 point, a total of 6 points (Fig. 11.31). Pouchoscopy also provides an important modality for the identification of other
cuff disorders, such as prolapse, fistulae, varices, and neoplasia (Fig. 11.32). Chapter 12 discusses pouch neoplasia in
detail.

Fecal diversion with the creation of an ileostomy has been performed during and after RPC and IPAA for various
indications. Long-term fecal diversion with pouch in situ may lead to diversion pouchitis and diversion-associated distal
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FIGURE 11.29 Patterns of fistulizing pheno-
type of Crohn’s disease of the pouch.
(A) Single fistula at ATZ with nodularity
(green arrow); (B) two fistulae at ATZ (yellow
arrows); (C) multiple fistulae along with cuffi-
tis; (D) fistula with abscess (pus drainage from
probing of a soft-tip guide wire) resulting
from severe cuffitis. A7Z, Anal transition
zone.

FIGURE 11.30 Phenotypes of prepouch ilei-
tis. The first patient had discrete ulcers in a
segment of 15cm afferent limb above the
pouch inlet (A) and a normal pouch body (B).
The second patient had discrete ulcers in both
afferent limb (C) and pouch body (D) with an
inlet stricture, which was dilated with balloon
(green arrow).

pouch or anastomotic stricture. In diversion pouchitis, mucosa of the pouch body is extremely friable, and mucosal
bleeding often occurs even with a gentle air or carbon dioxide insufflation (Fig. 11.33).

Summary and recommendations

Surgical therapy of UC with RPC involves significant alterations in bowel anatomy. Pelvic ileal pouch with IPAA has
become the surgical treatment of choice. Alternatively, patients may select to have permanent Brooke end ileostomy
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FIGURE 11.31 Endoscopic features reflecting the CAI with a range of 0—6. (A) Edema; (B and C) granularity and friability; (D) loss of vascular
pattern and erythema; (E) mucous exudates over ulcers; (F) linear ulcers. Each feature contributes 1 point to the total of 6 CAI endoscopy subscores.
CAI, the Cuffitis Activity Index.

FIGURE 11.32 Cuffitis and cuff disorders.
(A) Classic cuffitis with diffuse and circumfer-
ential inflammation, which has been consid-
ered residual ulcerative colitis; (B) nodular
anal transition zone in a patient with muco-
sectomy during pouch surgery, mimicking cuf-
fitis; (C) cuff inflammation is limited to the
anterior wall (green arrow), from excessive
straining and prolapse; (D) varices in the cuff
in a patient with concurrent primary sclerosing
cholangitis and portal hypertension.

and IRA. UC patients with poor anal-sphincter function may undergo continent ileostomies, such as Kock pouch, which
may also be performed in some patients with failed J pouches. It is important for endoscopist to identify and photo doc-
ument landmarks of various formats of the pouch.

There are a variety of pouch disorders, ranging from surgery-related structural abnormalities (including anastomotic
strictures, afferent limb syndrome, and presacral sinus) to inflammatory disorders (such as pouchitis, CD of the pouch,
and cuffitis). Endoscopic evaluation plays a key role in the diagnosis, differential diagnosis, disease monitoring,



166  Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

FIGURE 11.33 Disorders of the diverted
ileal pouch. (A) Permanent diverting end
ileostomy as a part of treatment for pouch fail-
ure; (B) friable mucosa in a diverted ileal
pouch; (C and D) pinhole stricture at the anas-
tomosis due to long-lasting fecal diversion.
The stricture was treated with endoscopic
stricturotomy over a guide wire. There is a
large accumulation of secretions in the pouch
body, which had resulted in patient’s symp-
toms of pelvic discomfort and discharge of
bloody mucus.

dysplasia surveillance, and treatment of those pouch disorders. It is important to document severity and distribution of
inflammation, stricture, and fistula at topographic locations of IPAA or continent ileostomies.
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Abbreviations

ATZ anal transition zone

CAN colitis-associated neoplasia

CD Crohn’s disease

CRC colorectal cancer

EBV Epstein—Barr virus

GI gastrointestinal

HGD high-grade dysplasia

HPV human papillomavirus

IBD inflammatory bowel disease

IPAA ileal pouch—anal anastomosis

LGD low-grade dysplasia

NHL non-Hodgkin’s lymphoma

PSC primary sclerosing cholangitis

SCC squamous cell cancer

ucC ulcerative colitis

Introduction

Chronic mucosal inflammation is a risk factor for the development of neoplasia in the gastrointestinal (GI) or
extraintestinal organs. Inflammatory bowel disease (IBD) is a classic example. The natural history of colitis-
associated neoplasia (CAN) in the majority of patients follows the sequence of chronic inflammation, low-grade
dysplasia (LGD), high-grade dysplasia (HGD), and adenocarcinoma, which serves as a biological base for routine
colonoscopy surveillance of long-standing ulcerative colitis (UC) or Crohn’s disease (CD) of the colon. However,
some patients may skip the stage(s) in the tumorigenic sequence or have endoscopically ill-defined dysplastic
lesions, making the surveillance challeningg. Endoscopic differentiation between chronic inflammation, inflamma-
tory polyps, LGD, and HGD is difficult, resulting in the development of various image-enhanced endoscopy techni-
ques. Chromoendoscopy and other image-enhanced endoscopies in the diagnosis, surveillance, and disease
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monitoring are discussed in a separate chapter (Chapter 19: Chromoendoscopy and advanced endoscopy imaging in
inflammatory bowel disease).

Endoscopic features of IBD-associated colorectal cancer (CRC) have not been well described in the literature.
Common endoscopic features of IBD-associated adenocarcinoma are mass-like lesions, strictures, and ulcerative lesions.
However, some of those endoscopic features overlap with is seen in CD or UC. Endoscopic features of colitis-
associated dysplasia are described in Chapter 19, Chromoendoscopy and other advanced endoscopy imaging in inflam-
matory bowel disease.

The risk for neoplasia may persist in a minority of patients who undergo colectomy. Neoplasia can occur in the rec-
tal cuff or pouch body in those with restorative proctocolectomy and ileal pouch—anal anastomosis (IPAA). The prog-
nosis of IPAA-associated cancer is poor and surveillance endoscopy has been challenging due to the altered surgical
anatomy and poorly defined disease course.

Patients with IBD can also develop squamous cell cancer (SCC) and non-Hodgkin’s lymphoma (NHL). There are
currently no published surveillance guidelines for SCC or NHL. However, common endoscopic features of SCC and
NHL are discussed in this chapter.

Colitis- or enteritis-associated adenocarcinoma

CRC is a common cause of mortality for Crohn’s colitis or UC. Colonoscopy plays a key role in diagnosis, surveillance,
and in selected patients, endoscopic therapy (such as endoscopic mucosal resection).

Ulcerative colitis—associated cancer

Patients with UC carry a higher risk for CRC than the general population. A metaanalysis of 116 studies showed the
probability of CRC in patients with UC was 1.6%, 8.3%, and 18.4% at 10, 20, and 30 years, respectively, after UC
diagnosis. The incidence of UC-associated CRC is 4—10 times greater than that for sporadic CRC, with the average age
of diagnosis of 20 years younger [1]. The presence of concurrent primary sclerosing cholangitis (PSC) with IBD further
increases the risk for CRC [2]. A separate metaanalysis found that the cumulative prevalence of CRC was 21% of
patients with UC—PSC and 4% of UC patients without, a 4.8-fold higher risk [3]. Therefore routine surveillance colo-
noscopy is recommended for patients with left-sided or extensive colitis for more than 8§—9 years after UC diagnosis
and yearly for all UC—PSC patients at the time of UC diagnosis [4—9].

Endoscopic features of UC-associated adenocarcinomas include ulcers, strictures, nodules, or masses or combina-
tions. Endoscopically nonliftable lesions or lesions with central indentations should raise the suspicion for malignancy
(Figs. 12.1 and 12.2). Patients with refractory to major available medicationsfor IBD) should be carefully evaluated for

FIGURE 12.1 Nonliftable polypoid lesion in quies-
cent ulcerative colitis: (A) an elongated sessile polyp
at the proximal ascending colon and (B—D) attempt
was made to lift the polyp with 50% glucose. The fea-
ture of nonlifted central indentation raised concern for
malignancy. En block endoscopic submucosal dissec-
tion was later performed. Fortunately, the patient has
tubular adenoma with low-grade dysplasia.
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FIGURE 12.2 Invasive moderately differentiated
adenocarcinoma in a patient with concurrent ulcera-
tive colitis and primary sclerosing cholangitis: (A)
malignant mass-type lesions with a central indentation
and (B—D) quiescent extensive colitis in the with
mucosal scars and inflammatory polyps.

FIGURE 12.3 Adenocarcinoma of the rectum result-
ing from long-standing refractory ulcerative colitis in a
64-year-old male patient: (A and B) active colitis and
proctitis with friable mucosa and spontaneous bleeding
and (C and D) “inflammatory” stricture at the proximal
rectum. Histology of biopsy of the stricture showed
poorly differentiated adenocarcinoma.

malignancy. Endoscopic biopsy may cause excessive bleeding in the setting of active colitis and/or malignancy
(Fig. 12.3). Differential diagnosis should be made between true refractory benign inflammation with ulcers or inflam-
matory polyps and malignant “inflammation” with ulcer or polypoid lesions

With the extensive use of biological agents in UC, benign strictures of the colon and rectum are increasingly identi-
fied [10]. The formation of benign strictures in this setting result from tissue healing and remodeling in the lamina pro-
pria, muscularis mucosae, and submucosa. Differential diagnosis should be made between benign and malignant
strictures in IBD. UC-associated malignant strictures are often ulcerated, while long-standing UC-associated benign
strictures are typically nonulcerated (Figs. 12.4—12.6). Tissue biopsy at the index and subsequent colonoscopies should
be taken from all strictures in UC patients. Attempts should be made to traverse the stricture to assess the disease activ-
ity of IBD as well as synchronous neoplastic lesions in the proximal bowel, even if it may require endoscopic therapy,
such as balloon dilation, stricturotomy, or temporary stenting (Figs. 12.4—12.6).
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FIGURE 12.4 Benign and malignant strictures in
four patients with ulcerative colitis: (A and B) inflam-
matory strictures at the sigmoid colon in two patients.
Notice the strictures were not ulcerated. (C and D)
Ulcerated malignant strictures in the transverse colon
in other two patients. Tissue biopsy of the strictures
for the differential diagnosis is imperative.

FIGURE 12.5 Endoscopic balloon dilation of non-
traversable benign or malignant strictures in ulcera-
tive colitis. The attempt was made to assess the
disease activity and synchronous lesions in the proxi-
mal bowel. (A and B) Endoscopic dilation of a benign
inflammatory stricture at the rectosigmoid junction
and (C and D) endocopic dilation of an ulcerated
malignant stricture in the transverse colon.

Flat and depressed lesions can also occur in CAN, which often harbor later-spreading malignancy

(Fig. 12.7A and B).

Crohn’s disease—associated cancer

Long-standing Crohn’s colitis carries a similar risk for CRC to UC. In Crohn’s colitis—associated dysplasia, approxi-
mately 50% were multifocal [11]. CD- as well as UC-associated cancer can be suspected or diagnosed based on endo-
scopic appearance or histologic evaluation of areas in active colitis. CD patients with CRC present with a more
advanced cancer stage than that of UC [12]. Similar to UC, the presence of PSC in Crohn’s colitis may increase the
risk for CAN [13]. Interestingly, the presence of CD-like inflammatory changes in histology in colitis-associated CRC
was shown to convey a better prognosis [14]. Endoscopic presentations of CD-associated CRC include deep ulcers,
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FIGURE 12.6 Malignant stricture in the ulcerative
colitis: (A) a tight malignant stricture in the transverse
colon detected with a soft-tip guidewire; (B) a non-
covered self-expandable metallic stent was placed
across the stricture for diagnosis and treatment; (C)
the stricture on computed tomography (green arrow);
and (D) vascular invasion of adenocarcinoma on sur-
gical histopathology (yellow arrow).

FIGURE 12.7 Colectomy specimens of colitis-
associated neoplasia: (A) ulcerative colitis—associated
malignant stricture at the sigmoid colon; (B) flat sub-
tle lesions in the transverse colon with high-grade
dysplasia; (C) malignant ulcer of the ascending colon
in a patient with Crohn’s disease and ileocecectomy;
and (D) a malignant cecal mass in a patient with
Crohn’s colitis.

strictures, and masses (Fig. 12.7C and D). In contrast to the pattern in UC, patients with CD may develop adenoma-like
lesions in previously inflamed or noninflamed colon [15].

Anorectal cancer in CD may be considered as a separate entity from classic CD-associated CRC (also see below). In
a study of 116 patients with a duration of CD of = 10 years, anorectal neoplastic lesions were detected through biopsy
in 22 (19.0%), of whom 18 had carcinomas. Most patients were found to have poorly differentiated adenocarcinoma or
mucinous adenocarcinoma [16]. CD-associated anorectal carcinoma was shown to have a poor prognosis due to the
advanced stage and aggressive histology [17].

CD in the small intestine is rarely associated with nonfamilial small bowel adenocarcinomas which carries a poor
prognosis. The investigation of histologic features (glandular vs diffuse poorly cohesive, mixed or solid), cell phenotype
(intestinal vs gastric/pancreatobiliary duct type), and Wnt signaling activation showed that small bowel cancer from
CD or from celiac disease are different [18]. Some small bowel cancers in the setting of CD were diagnosed inciden-
tally during or after bowel resection surgery. Concurrent small bowel inflammation and adjacent dysplasia are
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FIGURE 12.8 ATZ adenocarcinoma in a patient
with restorative proctocolectomy, handsewn ileal
pouch—anal anastomosis for colitis-associated neopla-
sia: (A) pouch endoscopy showed a normal-appearing
ATZ with biopsy revealing high-grade dysplasia; (B)
surgically excised pouch for the multifocal high-grade
dysplasia; (C) macroscopic examination demonstrated
no visible lesions in the ATZ; and (D) histology of
the excised pouch reviewed invasive adenocarcinoma
at the ATZ. ATZ, Anal transition zone.

common [19,20]. The prognosis of CD-associated small bowel adenocarcinoma is poor [19]. Endoscopic surveillance of
small bowel cancer in CD has been challenging, mainly due to a low sensitivity, location, the presence of strictures
[21], and limitation to the use of video capsule endoscopy.

Cuff and pouch cancer

UC patients undergoing proctocolectomy and IPAA still carry a small risk for the development of dysplasia or cancer
in the cuff, anal transition zone (ATZ), or pouch body [22,23]. Patients with a precolectomy diagnosis of colorectal
dysplasia or cancer are at a higher risk than those without the prior history of colorectal neoplasia. Additional risk fac-
tors include the presence of PSC, chronic pouchitis, cuffitis, CD of the pouch [22—24], or family history of CRC. The
majority of IPAA-associated neoplasia is located at the cuff or ATZ; patients with mucosectomy are not immune to
the development of neoplasia [22]. Of 11 patients with pouch cancer, 9 (82%) had annual pouch surveillance endos-
copy in a study from the author’s group. Three patients (27%) had no visible lesions on pouchoscopy at the time of
cancer diagnosis (Fig. 12.8) [22]. Endoscopic features, if present, are masses or polypoid lesions (Figs. 12.9 and
12.10) or ulcer lesions (Fig. 12.11).

The prognosis of pouch cancer is poor. Of the 14 patients with pouch adenocarcinoma for a median follow-up of 2.1
years, 6 (42.9%) died from the pouch cancer [25]. The poor prognosis may be explained by the uncleared disease
course, lateral spreading nature of cancer, or the lack of effective surveillance technology. Nonetheless, an endoscopic
deep biopsy of the cuff or ATZ is recommended, especially in those with a precolectomy diagnosis of CAN.

Anorectal and perianal cancer

Patients with CD are at the risk for the development of anorectal cancer or perianal cancer. Malignant transforma-
tion of CD fistula has been reported [26]. Fistula-associated cancer can be adenocarcinoma from the rectal
mucosa [27], or SCC [28,29]. In a population study of 19,486 patients with IBD with a median follow-up of 35
months (interquartile range, 29—40 months), 8 developed anal cancer and 14 had rectal cancer. In a subgroup
analysis of 2911 patients with anal and/or perianal CD, 2 developed anal SCC, 3 developed perianal fistula—re-
lated adenocarcinoma, and 6 had rectal cancer. A history of anal and/or perianal lesions was found to be associ-
ated with the development of anal cancer (odds ratio =11.2; 95% confidence interval, 1.18—551.51) [28]. In a
retrospective study of 2382 patients with fistulizing perianal CD, cancer in a fistula tract was diagnosed in 19
(0.79%), with 9 having SCC, and 10 having adenocarcinoma. Common presenting symptoms in these patientswere
drainage or abscess from perianal fistulas. The mean time from the fistula diagnosis to cancer diagnosis was 6.0
years [29].
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FIGURE 12.9 Tleal pouch cancer in a patient with a
preoperative diagnosis of ulcerative colitis in a 43-
year-old male: (A) normal proximal pouch body
except superficial ulceration in the inlet and (B—D)
malignant mass lesion in the distal pouch body and
cuff with histology showing moderately differentiated
adenocarcinoma.

FIGURE 12.10 Progress of Crohn’s disease of the
ileal pouch to adenocarcinoma over 5 years in a 27-
year-old patient with precolectomy diagnosis of ulcer-
ative colitis: (A) inflammatory pouch—anal anastomo-
sis stricture undergoing endoscopic balloon dilation;
(B and C) persistent stricture and inflammation over
the next 4 years, despite medical and endoscopic ther-
apy; and (D) poorly differentiated adenocarcinoma
developed at the anastomosis and cuff.

Endoscopic evaluation should include the inspection of colon, rectum, anal canal, anus, and perianal skin in patients
with CD. If the rectum is not inflamed, a retroflex view should be performed. Endoscopic features of CD-associated
anorectal cancer or fistula-associated cancer include diffusely friable and ulcerated mucosa or squamous epithelia, giv-
ing rise to a “dirty” appearance (Figs. 12.12 and 12.13). There may be polypoid lesions (Fig. 12.10) or strictures. The
suspicion is even higher if these lesions do not respond to biological therapy or repeat endoscopic stricture dilations or
endoscopic stricturotomy. These lesions require an extensive biopsy, even carrying a risk of biopsy-associated bleeding.
A digital examination should be a part of the endoscopic evaluation. Anorectal cancer may be felt as hard and poor dis-
tensible tissue, strictures, or masses.

Patients with CD have a higher risk for melanoma or nonmelanoma skin cancer, especially in those using purine
analogs or antitumor necrosis factor agents [30]. Perianal or anal skin cancer may be caused by chronic diarrhea or
human papillomavirus (HPV) infection (Fig. 12.13).



FIGURE 12.11 Aggressive form of pouch cancer in
a 36-year-male with a preoperative diagnosis of ulcer-
ative colitis: (A and C) endoscopic and histologic fea-
tures of chronic active pouchitis with ulcers and
mononuclear cell infiltration in the lamina propria
and (B and D) deep ulcers developed 6 months later
and histology of biopsy and pouch excision specimen
showing poorly differentiated adenocarcinoma with
metastasis to the lymph nodes and liver.

FIGURE 12.12 Squamous cell neoplasia in a patient
with  restorative  proctocolectomy and ileal
pouch—anal anastomosis ulcerative colitis: (A) nor-
mal afferent limb of the ileal pouch; (B) severe pou-
chitis with ulcers and nodularity; (C) severe cuffitis
with ulcers and nodularity; and (D) histology of cuff
biopsy showed superficial fragments of at least high-
grade squamous intraepithelial lesion. Histology
photo: Courtesy of Dr. Ilyssa L. Gordon of Cleveland
Clinic.

FIGURE 12.13 Human papillomavirus-associated
squamous cell cancer in a 65-year-old patient with a
history of hysterectomy for a benign uterine condi-
tion. The patient has had a long-standing ileal
pouch—vaginal fistula with restorative proctocolect-
omy for underlying ulcerative colitis. (A)
Vaginoscopy showed a mass with granular epithelia
at the posterior wall (green arrow); (B) ulcerated and
necrotic mass at the cuff; (C) small abscess at the
labia (yellow arrow); and (D) the mass lesion between
the cuff and vagina (blue arrow).
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Gastrointestinal lymphoma

Endoscopic differential diagnosis of primary GI lymphoma and IBD is discussed in a separate chapter
(Chapter 33: Inflammatory bowel disease—like conditions: gastrointestinal lymphoma and other neoplasms).
Patients with IBD, especially CD [31], organ transplantation, chronic Epstein—Barr virus (EBV) infection, and
the use of purine analogs or maybe antitumor necrosis factor agents have an increased risk for GI lymphoma
[32,33]. The most prevalent form of NHL associated with IBD is diffuse large B-cell lymphoma. The common
locations of lymphoma are the colorectumand small bowel [31]. GI lymphoma often presents with large ulcers,
nodularity, masses, or “inflammatory” strictures on endoscopy (Figs. 12.14—12.16). The background IBD may be
active or quiescent.

There are reports on lymphoma in ileal pouches [22,34,35], which may be associated with immunosuppressive ther-
apy [36] or liver transplantation (Figs. 12.17 and 12.18).

FIGURE 12.14 Diffuse large B-cell lymphoma of
the rectosigmoid colon in a 30-year-old male with
long-standing  left-side  ulcerative colitis and
Epstein—Barr virus infection. The patient had been
treated with long-term antitumor necrosis factor
agents. (A—C) Circumferentially ulcerated stricture,
edema, and nodularity in the sigmoid colon and
(D) thickened rectosigmoid colon on computed
tomography.

FIGURE 12.15 Diffuse large B-cell lymphoma of
the colon with perforation in a 35-year-old male with
diffuse ulcerative colitis. The patient had been treated
with infliximab, vedolizumab, and 6-mercaptopurine
and developed Epstein—Barr infection. (A and B)
Diffuse colitis with “dirty”” appearing large ulcers and
exudates which was found to be malignant and
(C and D) perforation at the sigmoid colon on com-
puted tomography (green arrows).




FIGURE 12.16 Diffuse large B-cell lymphoma of
spleen and liver sparing gastrointestinal tract in a 58-
year-old female patient with long-standing ileocolonic
Crohn’s disease resulting in proctocolectomy and end
ileostomy. Her Crohn’s disease at the distal 15 cm
from the stoma was treated with azathioprine for 6
years. (A and B) Ileal stricture 15 cm from the stoma;
(C) large liver mass found to be lymphoma (green
arrow).

FIGURE 12.17 Monomorphic  posttransplant,
Epstein—Barr virus infection-negative lymphoproli-
ferative disorder (diffuse large B-cell lymphoma, not
otherwise specified) involving the ileal pouch, liver,
and lymph nodes. The patient had had liver transplan-
tation for primary sclerosing cholangitis: (A) initially
normal pouch, (B) lymphoma with a large semicir-
cumferential ulcerated mass in the pouch body (green
arrow), and (C and D) Increased fludeoxyglucose
uptake on positron emission tomography in the pouch
(blue arrow), peripouch lymph nodes (yellow arrow),
and liver (red arrow).

FIGURE 12.18 Diffuse large B-cell lymphoma of
the ileal pouch in a 57-year-old male patient with
restorative proctocolectomy for refractory ulcerative
colitis. The patient presented with persistent anemia:
(A and C) large nodular area almost covering half of
the pouch body, which was highlighted with fludeox-
yglucose uptake on positron emission tomography,
and (B and D) resolution of lymphoma on endoscopy
and positron emission tomography scan after effective
chemotherapy.
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Summary and recommendations

Chronic inflammation, immunosuppressive medications, and associated disease conditions (such as PSC and EBV virus
or HPV infections) in IBD predispose the patients to the development of various forms of cancer, including adenocarcinoma,
SCC, and lymphoma. The cancer risk may persist even after bowel resection or colectomy. Fortunately, colitis-associated
with cancer is often preceded by LGD or HGD, which provides the rationale for routine surveillance colonoscopy for
patients with long-standing UC or Crohn’s colitis. However, the disease course of CAN does not necessarily follow the
chronic inflammation—LGD—HGD—adenocarcinoma sequence; and some CAN lesions can be flat or slightly raised, posing
challenge for the surveillance. In addition, there are no established protocols for endoscopic surveillance in small bowel ade-
nocarcinoma, GI lymphoma, SCC in the anorectal area, and neoplasia in the ileal pouches.
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Diversion-associated bowel diseases
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Abbreviations

CD Crohn’s disease

CAN colitis-associated neoplasia

DABD diversion-associated bowel disease

IBD inflammatory bowel disease

IPAA ileal pouch—anal anastomosis

IRA ileorectal anastomosis

PSC primary sclerosing cholangitis

SCFAs short-chain fatty acids

uC ulcerative colitis

Introduction

Diversion colitis, proctitis, and pouchitis result from defunctionalized, surgically bypassed bowel segment. Diversion-
associated bowel disease (DABD) occurs in fecal-stream bypassed segments of the bowel, following stoma surgery for
congenital, inflammatory, or neoplastic disorders. The degree of inflammation of the bypassed segment of lower gastroin-
testinal track is largely determined by the extent of dependency of epithelia of the bowel on short-chain fatty acids
(SCFAs), the fermented produces of gut luminal bacteria and dietary fibers. For example, the risk for diversion-associated
mucosal injury of the ileum is different from that of the colon. Long-term fecal diversion often results in intrinsic luminal
strictures in the bypassed bowel segment, with anastomosis, distal rectum, or anal canal carrying the highest risk. In addi-
tion, patients with a long history of inflammatory bowel disease (IBD) carry a risk for the development of colitis-associated
neoplasia (CAN), and the diverted bowel is not an exception. The best treatment option for DABD is the closure of stoma
and reestablishment of the natural route of defecation. However, closure of the stoma in patients is not possible or feasible,
for personal and medical reasons. In addition, the excision of the diverted segment of bowel is often associated with compli-
cations, particularly persistent perineal sinus [1,2]. Therefore some patients may have to have long-term or permanent fecal
diversion, which pose the risk for various forms of diversion-associated disorders (Table 13.1). Endoscopy plays a key role
in the diagnosis, disease monitoring, surveillance, and treatment of diversion bowel disease.

Diversion-associated inflammatory disorders
DABD consists of diversion ileitis, diversion colitis, diversion proctitis, and diversion pouchitis, resulting from the lack
of exposure to fecal stream by surgery, that is, the creation of temporary or permanent colostomy, ileostomy, or
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TABLE 13.1 Diversion-associated bowel diseases.

Category Subcategory

Inflammatory disorders Diversion ileitis

Diversion colitis

Diversion proctitis

Diversion pouchitis

Stricturing disorders Disease-associated or primary stricture

Anastomotic or secondary stricture

Neoplasia Colorectal neoplasia (dysplasia or cancer)

Pouch neoplasia (dysplasia or cancer)

FIGURE 13.1 Different risks
for diversion-associated injury
between the ileum and colon.
(A) Loop ileostomy constructed
for the treatment of refractory
perianal Crohn’s disease; (B)
intubation of the afferent limb
of the loop ileostomy via stoma
to the distal ileum showing
mucus exudates; (C) subsequent
passage of the endoscopy to the
efferent limb showed the
diverted colon with edematous
and friable mucosa (diversion
colitis); (D) setons seen in the
rectum, which had been placed
for the treatment of perianal
disease.

jejunostomy (Table 13.1). Among them, the creation of a diverted rectum is also called Hartmann’s procedure. It is esti-
mated that 70%—100% of the patients developed either and/or endoscopic inflammation in the diverted bowel segment
[3]. Diversion colitis or proctitis is more frequently seen in patients with IBD than those with colorectal cancer of diver-
ticular diseases, suggesting the role of underlying disease in the development and process of DABD. In addition, it
appears that the bypassed segment of the ileum carries a lower risk for diversion-associated mucosal injury than the
bypassed segment of large bowel. For example, CD patients with diverting loop or end ileostomy and ileorectal anasto-
mosis (IRA) following ileocolonic resection may have diversion proctitis in the absence of diversion ileitis (Figs. 13.1
and 13.2). Similar situation is also present in patients with underlying ulcerative colitis (UC) who had colectomy, loop
ileostomy, and IRA (Fig. 13.3). The findings suggest that the epithelia of colon and rectum relies on SCFAs and other
luminal nutrients (such as glutamine), than the epithelia of the ileum. Subsequently, the lack of those nutrients leads to
alterations in both innate and adaptive mucosal immunity [4,5].

Common presenting symptoms of DABD are tenesmus, urgency, bloody or mucus discharge, and abdominal pain. Few
patients with develop systemic symptoms such as fever, chills, and night sweats. This author has managed a patient with diversion
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FIGURE 13.2 Diverted ileor-
ectal anastomosis with loop
ileostomy and ileocolonic resec-
tion for refractory Crohn’s ileo-
colitis  with relative rectal
sparing. (A) Normal neo-
terminal ileum assessed with
colonoscopy and (B—D) patent
ileorectal anastomosis with pat-
chy erythema and aphthous
ulcers in the rectum, indicating
diversion proctitis. Of note, the
risk for diversion inflammation
in the ileum is lower than that
for the colon or rectum.

FIGURE 13.3 Diversion-
associated colitis, but not ileitis,
along with IRA stricture. Loop
ileostomy with IRA following
colectomy for refractory ulcera-
tive colitis. (A) Normal diverted
ileum proximal to IRA; (B and
C) IRA stricture with endo-
scopic stricturotomy; and (D)
diversion pouchitis with friable
and edematous mucosa, in con-
trast to normal diverted ileum.
IRA, Tleorectal anastomosis.

pouchitis and distal pouch stricture who develop liver abscess (Fig. 13.4). In addition, patients with severe diversion-associated
bowel disorders may be prone to the development of bacteremia when endoscopic intervention is performed (Fig. 13.5).
Patients with bowel obstruction may cause inflammation of downstream bowel, mimicking diversion colitis (Fig. 13.6).

The diagnosis of DABD is based on a combined assessment of surgical history, clinical presentations, and endoscopic
and histologic features. The mucosa of diverted bowel is frequently friable, even with gentle air or carbon dioxide
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FIGURE 13.4 Diversion pou-
chitis and stricture resulting in
liver abscess. Ileostomy was
constructed for the treatment of
Crohn’s disease of the pouch.
(A) Tight pouch—anal anasto-
mosis, which was treated endo-
scopic stricturotomy; (B) severe
diversion pouchitis with friable
mucosa, spontaneous bleeding,
and exudates; (C) multilobulated
liver abscess resulting from
severe diversion pouchitis and
anastomotic stricture.

FIGURE 13.5 Diversion pou-
chitis, probiotic enema, and bac-
teremia. (A) End ileostomy
created for the treatment of
refractor pouchitis; (B and C)
normal neo-distal ileum on ileo-
scopy via stoma; (D) diversion
pouchitis ~ with  spontaneous
bleeding which was biopsied.
Probiotic enema was used to
treat symptomatic  diversion
pouchitis, which later resulted in
bacteremia. Prophylactic antibio-
tics may be used in patients with
severe diversion pouchitis under-
doing endoscopic intervention.

insufflation (Fig. 13.7). Biopsy-associated mucosal, even submucosal injury, is common (Fig. 13.7), which may be related
to commonly present expanded lymphoid aggregates and inflammation in the lamina propria with lymphocytes and plasma
cells on histology. Other endoscopic features include erythema, edema, granularity, “cat scratch™ pattern with bright ery-
thematous linear marks, the presence of inflammatory and filiform polyps, and pool of mucus or bloody mucus exudates.
Diversion pouchitis is a form of DABD. It is speculated that patients with long-term diverted ileal pouches have an
intermediate risk for diversion-associated bowel inflammation, between diverted ileum and diverted colon. Restorative
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FIGURE 13.6 Severe anasto-
motic stricture leading to down-
stream colitis mimicking
diversion colitis. (A and B)
Severe ileocolonic anastomosis
stricture with distal diversion
colitis and (C) the anastomotic
stricture on enterography.

FIGURE 13.7 Diversion proc-
titis of the Hartmann pouch in
staged restorative proctocolect-
omy. (A) End ileostomy; (B)
inflammation in the distal rec-
tum; (C) severe diversion procti-
tis with spontaneous bleeding;
and (D) friable mucosa of the
diverted rectum, with a high risk
for bleeding and perforation on
biopsy. Extreme caution should
be taken when biopsy is taken.

proctocolectomy with ileal pouch—anal anastomosis (IPAA) has become the surgical treatment of choice for patients
with UC or familial adenomatous polyposis who require colectomy. Alternatively, patients may undergo permanent
Brooke end ileostomy with colectomy and Hartmann procedure. In patients with severe or fulminant UC, mucus fistula
may be constructed during Hartmann procedure, to reduce the risk for intraabdominopelvic abscess (Fig. 13.8).
Restorative proctocolectomy with IPAA procedures, however, are routinely performed in stages [6]. A temporary loop
ileostomy is often constructed to allow for maturation of newly created ileal pouch. Patients with staged IPAA who are
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FIGURE 13.8 Ileostomy,
mucus fistula, and Hartmann
pouch or diverted rectum in
staged  proctocolectomy  for
ulcerative colitis. (A) End ileost-
omy; (B) a mucus fistula (green
arrow) near the end ileostomy
(green arrow); (C) the internal
opening of the mucus fistula at
the rectal stump (blue arrow);
and (D) severe diversion procti-
tis with spontaneous bleeding
and exudates.

FIGURE 13.9 Diversion-
associated inflammatory and
stricturing pouch disorders. (A)
A pinhole stricture at the ileal
pouch—anastomosis, which was
not traversable to a gastroscope;
(B) a soft-tip guide wire was
used to detect the lumen of the
pouch body; and (C and D) pas-
sage of the endoscope, follow-
ing endoscopic balloon dilation.
Diffuse mucosal edema and
copious exudates. Common pre-
sentations of patients with a fluid-
loaded diverted bowel are
urgency, odor, and pelvic pressure.

diverting loop ileostomy and diverted ileal pouch may develop mild diversion pouchitis. Diversion pouchitis from the
temporary fecal diversion uniformly resolves after stoma closure and reestablishment of fecal stream. Temporary or per-
manent fecal diversion with the creation of an ileostomy has been used for the treatment of refractory pouch disorders,
such as chronic pouchitis, CD of the pouch, and pouch vaginal fistula. Long-term fecal diversion, however, can result
in various forms of pouchitis, with or without concurrent strictures (Fig. 13.9).
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FIGURE 13.10 Long segment
of diversion colitis with con-
stricted bowel lumen in Crohn’s
disease. (A) Perianal disease, a
major cause for the creation of
an ileostomy; (B and C) diffuse
severe diversion colitis and
proctitis with granular and fria-
ble mucosa; and (D) diffuse lumi-
nal constriction of the diverted
colon and rectum.

Endoscopic features of diversion pouchitis are similar to that in diversion colitis or diversion proctitis. In addition,
diversion pouchitis is often coexistent with ileal pouch—anal anastomotic stricture.

Diversion-associated strictures

Due to long-term nonuse, diverted bowel carries a high risk for the development of strictures (Table 13.1). The stric-
tures can be primary or disease associated versus secondary or anastomotic in nature. Although the stricture can occur
in any segment of the diverted bowel, it is more often seen in distal rectum or anastomosis. The stricture can be short
or long in length and/or can be fibrotic, inflammatory, or mixed type. Some patients may have completely sealed stric-
tures (Figs. 13.9—13.11). Patients with strictures in the diverted bowel often present with symptoms of urgency, pelvic
discomfort, continence, or seepage. The stricture frequently results in fecal stasis, exacerbating diversion-associated
mucosal inflammation. The stricture can be treated with digital, bougie, or balloon dilation or endoscopic stricturotomy.
Due to the presence of underlying etiological factors, the stricture often recurs, which requires periodic endoscopic ther-
apy. Topical therapy with SCFA, mesalamine, and corticosteroids may also be beneficial.

Cancer surveillance in the diverted bowel

The incidence or prevalence of CAN in patients with a diverted bowel is not clear. However, the risk appears to be low
in the absence of a history of colorectal cancer or IBD [7]. A study from The Netherlands comparing 12 IBD patients
with cancer or high-grade dysplasia of the rectal stump and 18 IBD controls with rectal stump, but no neoplasia,
showed that the presence of primary sclerosing cholangitis (PSC) or long duration of IBD before subtotal colectomy
was risk factor for the cancer of the diverted large bowel [8]. Patients with restorative proctocolectomy and IPAA for
CAN have been shown to have a higher risk for pouch neoplasia [9,10]. Therefore surveillance of the diverted colon,
rectum, or ileal pouch is recommended for those with a history of colorectal cancer or underlying IBD or concurrent
IBD and PSC (Table 13.1). The challenges of routine surveillance endoscopy in the diverted bowel include the presence
of distal stricture and risk of bleeding or bacterial translocation of mucosal biopsy. In addition, the presence of
diversion-associated inflammation may make an accurate diagnosis of dysplasia difficult, even with image-enhanced
techniques, such as narrow banding imaging and chromoendoscopy (Fig. 13.12).
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Summary and recommendations

FIGURE 13.11 Diverted large
bowel with primary and second-
ary strictures in Crohn’s disease.
(A) A tight anastomotic (or sec-
ondary) stricture (green arrow)
at colorectal anastomosis; (B)
endoscopic stricturotomy with
insulated-tip knife for the treat-
ment of the anastomotic stric-
ture; and (C) long segment of
diversion-associated primary
stricture in a long segment of
colon(blue arrow) in addition to
the anastomotic stricture (green
arrow), which is not accessible
to endoscope.

FIGURE 13.12 Challenges in
surveillance endoscopy in the
diverted rectum in ulcerative
colitis. The patient had colect-
omy, permanent end ileostomy,
and Hartmann pouch, for low-
grade dysplasia of the sigmoid
colon. (A) Diversion proctitis
with friable mucosa and exu-
dates, which prevent accurate
identification of dysplasia; nar-
row band imaging (B).
Chromoendoscopy (C and D)
provided no additional benefits
for the assessment of dysplastic
lesions.

Endoscopy plays a key role in the diagnosis, differential diagnosis, disease monitoring, and dysplasia surveillance in
patients with diverted bowel. In addition, endoscopic balloon dilation and endoscopic stricture can safely performed in
patients with diversion-associated strictures. However, diversion-associated bowel disorders are characterized with fria-
ble mucosa with a tendency for spontaneous bleeding. Patients with concurrent diversion-associated inflammatory and
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stricturing disorders may carry a risk for systemic septic complications, and endoscopic biopsy or intervention may
further increase the risk. Therefore antibiotic prophylaxis is recommended for the patients undergoing endoscopic
biopsy or endoscopic stricture therapy.
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Abbreviations

CD Crohn’s disease

CDAI the Crohn’s Disease Activity Index

CDEIS the Crohn’s Disease Endoscopic Index of Severity
CRP C-reactive protein

DAI the Diseases Activity Index

GI gastrointestinal

HBI the Harvey—Bradshaw Index

IBD inflammatory bowel disease

ICA ileocolonic anastomosis

ICR ileocolonic resection

IPAA ileal pouch-anal anastomosis

MES the Mayo Endoscopic Subscore

MH mucosal healing

MMES the modified Mayo Endoscopic score

MRE magnetic resonance enterography

PDAI the Pouchitis Disease Activity Index

RS the Rutgeerts Score

SES-CD the simple endoscopic score for Crohn’s disease
STRIDE selecting therapeutic targets in inflammatory bowel disease
UC ulcerative colitis

UCEIS the Ulcerative Colitis Endoscopic Index of Severity
UCCIS the Ulcerative Colitis Colonoscopic Index of Severity
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Introduction

Endoscopy is a standard modality for diagnosis, differential diagnosis, assessment of disease activity, and response to treat-
ment in Crohn’s disease (CD) and ulcerative colitis (UC). Endoscopy provides the most reliable measurement of mucosal
inflammation. The goal of management of inflammatory bowel disease (IBD) is constantly evolving. Earlier clinical trials
have used clinical parameters to measure disease activity before and after therapeutic intervention. Recent studies have
shown that endoscopic healing documented by high-definition colonoscopy is associated with less complication and better
long-term outcomes [1]. The selecting therapeutic targets in IBD (STRIDE) initiated by the he International Organization
for the Study of IBD proposed target goals for both CD and UC. The treat-to-target concept is being accepted in clinical
practice. The targets are clinical, biological, and histologic. Endoscopy targets, that is, endoscopic mucosal healing (MH),
are established with objective documentation of response to medical or surgical treatment. Endoscopic MH were defined
as the absence of ulceration for CD or Mayo Endoscopic Subscore (MES) of 0 or 1 for UC [2]. Multiple endoscopic scores
have been developed for CD, UC, and pouchitis, mainly based on features of white-light endoscopy. In this chapter, we
present some of the most commonly used endoscopic scores with a wide range of illustrative images.

Components of endoscopic assessment of mucosal inflammation

The main components of endoscopic features shared by CD and UC are erythema, edema, loss of vascular pattern, gran-
ularity, nodularity, friability, spontaneous bleeding, erosions, ulcers, and pseudopolyps (Fig. 14.1). These inflammation
conditions are often accompanied by the presence of mucopurulent exudates on the top of the erosion or ulcers or non-
ulcerated inflamed surface (Fig. 14.2).

There are endoscopic modifiers for CD, including cobblestoning and strictures. These modifiers can make an accu-
rate measurement of disease activity complex. Cobblestoning is defined as serpiginous and linear ulcers intervened with
nodular mucosa, which is commonly seen in the distal lymphoid tissue-predominant terminal ileum. This pattern of dis-
ease process gives rise to deep linear ulcer “cracks” in between the areas of inflamed or normal tissue with an appear-
ance of “stones.” The width of the ulcer cracks and the size of nodular mucosa vary (Fig. 14.3).

FIGURE 14.1 Common patterns of inflammation of Crohn’s disease and ulcerative colitis: (A) erythema, (B) edema, (C) loss of vascular pattern,
(D) nodularity, (E) friability, (F) spontaneous bleeding, (G) erosions, (H) ulcers, and (I) pseudopolyps.
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FIGURE 14.2 Additional patterns of mucosal
inflammation in Crohn’s disease: (A) exudates in the
absence of mucosal inflammation and (B—D) exu-
dates cover ulcers and exudates with histology.

FIGURE 14.3 Spectrum of cobblestoning and nodu-
lar mucosa in Crohn’s disease: (A and B) classic cob-
blestoning with networks of thin ulcers and nodular
mucosa and (C and D) nodular mucosa with networks
of deep and wider ulcers in between.

Another endoscopic modifier is the presence of stricture. Strictures can be observed in both CD and UC.
Endoscopic appearance of strictures can be short or long, mild or severe, inflammatory or fibrotic, and ulcerated or non-
ulcerated. Nonulcerated strictures can be a part of mucosal or transmural healing or serosa- or mesentery-predominant
transmural disease processwith normal overlying mucosa (Figs. 14.4 and 14.5C and D). On the other hand, the presence
of ulcers on the anastomosis does not necessarily indicate active CD or UC. Rather they may result from surgery-
associated ischemia or the use of nonsteroidal antiinflammatory drugs (Fig. 14.6).

Crohn’s disease

The disease activity of CD has been measured with clinical, endoscopic, laboratory, and histologic features. Clinical
and endoscopic disease activity instruments are routinely used in clinical trials and are increasingly used in clinical
practices.



192 Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

FIGURE 14.4 Nonulcerated strictures in Crohn’ dis-
ease resulting from disease process per se or effective
medical therapy with tissue healing (A—D).

FIGURE 14.5 Forms of endoscopic mucosal heal-
ing: (A) mucosal scars, (B) "lead piping" of the colon,
(C) nonulcerated stricture at the ileocecal valve, and
(D) nonulcerated stricture at the duodenum.

Instruments for clinical disease activity

The 1100-point Crohn’s Disease Activity Index (CDAI) was proposed and has been routinely used in clinical trials [3].
The items listed in the CDAI consist of the average number of liquid or soft stools per day over 7 days—using diphe-
noxylate or loperamide for diarrhea, average abdominal pain rating over 7 days; general well-being each day over 7
days; arthritis or arthralgia, iritis or uveitis, erythema nodosum, pyoderma gangrenosum, or aphthous stomatitis, anal
fissure, fistula, or abscess, other fistula, temperature more than 100°F (37.8°C) in the last week; and finding of abdomi-
nal mass. CDAI has been used for quantification of clinical disease activity [4]: asymptomatic remission (CDAI
0—149), mild disease (CDAI 150—220), moderate-to-severe disease (CDAI 221—450), and severely active to fulminant
disease (CDAI 451—1100). Patients requiring corticosteroids to remain asymptomatic should not be considered as being
in remission. Rather, they are referred as being “steroid-dependent.”
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FIGURE 14.6 Inflammatory versus ischemic stric-
tures in Crohn’s disease patients with ileocolonic
resection and anastomosis: (A) ulcerated stricture can
be due to ischemia with a normal proximal segment
of bowel, (B and C) inflammatory ulcerated strictures,
and (D) inflammatory nodular stricture.

The Harvey—Bradshaw Index (HBI) of CD activity is a simplified clinical instrument [5]. Components of HBI con-
sist of patient sense of general well-being (0—4) and abdominal pain (0—3) in the last 24 hours; number of liquid stools
in last 24 hours, abdominal mass (0—4); and complications with arthralgias, uveitis, erythema nodosum, aphthous
ulcers, pyoderma gangrenosum, anal fissures, newly discovered fistulae, or abscesses (0—8). An HBI score of <5 corre-
lates with clinical remission.

The Crohn’s Disease Endoscopic Index of Severity

Recently, the use of endoscopic instruments as outcome measures for clinical research has been more emphasized, as
the endoscopic assessment is more objective than symptom-based indices. The most commonly used and validated
endoscopic indices are the 44-point Crohn’s Disease Endoscopic Index of Severity (CDEIS) [6], the Simple Endoscopic
Score for Crohn’s Disease (SES-CD) [7], and the Rutgeerts Score (RS) for postoperative recurrence in the neo-terminal
ileum after ileocolonic resection and anastomosis [8]. These indices have been mainly applied for clinical trials.
However, components of the indices are used for the diagnosis, differential diagnosis, disease monitoring, and assess-
ment of response to therapy in clinical practice.

The first described CD endoscopic score is the 44-point CDEIS developed by Mary and Modigliani in 1989.
Despite its correlation with clinical indices [9], this score involves a series of labor-intensive calculations. To cal-
culate CDEIS, five segments of the intestine are assessed: the rectum, sigmoid and left colon, traverse colon, right
colon, and ileum (Table 14.1). The definition of severity is based on the size and depth of ulceration, that is,
superficial ulceration (Fig. 14.7) or deep ulceration (Figs. 14.8 and 14.9; Table 14.2). The aphthoid lesion, though
mentioned in the instrument and evaluated during its initial development, is not a component for the final calcula-
tion of CDEIS (Fig. 14.10). In each colon segment CDEIS is calculated based on the presence of deep or superfi-
cial ulceration, the percentage of ulcerated surface; and the percentage of surface involved by CD are measured
on a 10-cm visual analog scale (Table 14.1). In addition, the presence of ulcerated and nonulcerated stenoses is
assessed.

The calculation of CDEIS is illustrated in Fig. 14.11A and B, corresponding to Tables 14.1 and 14.2.

The Simple Endoscopic Score for Crohn’s Disease

The 56-point SES-CD (Table 14.3), was developed as a more user-friendly score that correlated with clinical para-
meters, and C-reactive protein (CRP) as well as CDEIS [7]. The score takes four segments of the colon along with
the terminal ileum into consideration. Endoscopic variables in SES-CD measure the size of ulcer, proportion of
ulcerated surface area, proportion of affected surface area, and the presence of stenosis with the range of score



TABLE 14.1 Crohn’s Disease Endoscopic Index of Severity (CDEIS) [3].

Rectum Sigmoid and Transverse Right lleum Total
left colon colon colon

Deep ulceration quote 12 if present in the Total 1
segment, O if absent

Superficial ulceration quote 6 if present in the Total 2
segment, O if absent

Surface involved by the disease measured in Total 3
cm?

Ulcerated surface measured in cm® Total 4

Total 1 + Total 2 + Total 3 + Total 4 = Total A. Number (n) of segments totally or partially explored (1—5) = n. Total A divided by n = Total B. Quote 3 if
ulcerated stenosis anywhere, 0 if not = C. Quote 3 if nonulcerated stenosis anywhere, o if not = D. Total B + C + D = CDEIS.
“For partially explored segments and for the ileum, the 10 cm linear scale represents the surface effectively explored.

FIGURE 14.7 Superficial ulcers as a component in
the CDEIS-"superficial ulceration". The ulcers are
neither aphthoid nor deep: (A—C) small superficial
ulcers in the terminal ileum and (D) diffuse superfi-
cial ulcers covered with mucopurulent exudates in the
colon. CDEIS, the Crohn’s Disease Endoscopic Index
of Severity.

FIGURE 14.8 Deep ulceration as a component of
the CDEIS: (A—D) deep ulcers in the terminal ileum.
CDEIS, the Crohn’s Disease Endoscopic Index of
Severity.
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FIGURE 14.9 Deep ulceration as a component of
CDEIS: (A) large ulcers in the terminal ileum, (B and
C) large ulcers in the colon, and (D) ulcers in the rec-
tum in a patient with colorectal anastomosis. CDEIS,
the Crohn’s Disease Dndoscopic Index of Severity.

TABLE 14.2 Further definitions of Crohn’s Disease Endoscopic Index of Severity (CDEIS)[3].

Lesions Definitions

Aphthoid ulceration Tiny (2—3 mm), raised or flat red lesion with a white center
Superficial ulceration Ulceration which was neither aphthoid nor deep

Deep ulceration Only frankly deep ulceration

FIGURE 14.10 Various forms of aphthous ulcera-
tion in Crohn’s disease. Of note, the presence of
aphthous ulcers is not the component of CDEIS but is
a component for SES-CD. Aphthous ulceration was
defined as tiny (2—3 mm in CDEIS or 0.1—-0.5 mm in
SES-CD), raised or flat red lesion with a white center:
(A—C) aphthous ulcers or erosions in the terminal
ileum and (D) aphthous ulcers or erosions in the colon
with edematous adjacent mucosa. CDEIS, the Crohn’s
Disease Endoscopic Index of Severity; SES-CD, the
SEndoscopy Score of Crohn’s Disease.
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(A)

Sigmoid
Rectum and
left colon

Transverse
colon

Deep ulceration quote 12 if present in the
segment, 0 if absent
Superficial ulceration quote 6 if present in the
segment, 0 if absent

12

Total 1=36
0 0 0 0 6 Total 2=6

Surface involved by the disease measuredin cm* 5 10 0 10 5 Total 3=30

Ulcerated surface measuredin cm* 5 6 0 8 5 Total 4=24

Total A=Total 1 + Total 2 + Total 3 + Total 4 = 96

Number (n) of segments explored=5

Total A divided by 5 (n) = Total B = 19.2

Quote 3 for ulcerated stenosis in left colon and right colon=C =3

Quote 0 for absence of nonulcerated stenosis anywhere =D =0

Total B+ C + D=CDEIS=22.2
FIGURE 14.11 (A) Ilustration of the calculation of CDEIS in a patient with inflammatory and fibrostenotic ileocolonic CD: (a) distal 5-cm rectum
with deep ulcers, (b) a deeply ulcerated 6-cm-long stricture at the sigmoid colon with a 10-cm-long disease segment, (c) normal transverse, (d) an 8-
cm-long deeply ulcerated area with stricture at the ascending colon with additional 2-cm-long inflamed area in the surrounding mucosa, and (e) a 5-
cm-long area with superficial ulcers in the terminal ileum. (B) Calculation of CDEIS in the patient with inflammatory and fibrostenotic ileocolonic

CD. CD, Crohn’s disease; CDEIS, the Crohn’s Disease Endoscopic Index of Severity.

from O to 3 (Table 14.4; Figs. 14.12—14.16A). The total score is calculated with the sum of each endoscopic char-
acteristic in each segment of the colon plus the ileum. In contrast to CDEIS the presence of aphthous ulcers is a
component of SES-CD, as being 1 in the 0—3 scale for ulcers (Fig. 14.11B). The term "aphthous ulcers" here may
be better defined as aphthous erosions or aphthous lesions. The calculation of SES-CD is illustrated in Fig. 14.16A
and B.
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TABLE 14.3 The Simple Endoscopic Score for Crohn’s Disease (SES-CD)* [7].

lleum Right colon Transverse colon Left colon Rectum Total

Presence and size of ulcers (0—3)

Extent of ulcerated surface (0—3)

Extent of affected surface (0—3)

Presence and type of narrowing (0—3)

SES-CD

*lleum—full extent to which it is examined excluding ileocecal valve; right colon— ileocecal valve, ascending, and hepatic flexure; transverse colon—
segment between the hepatic flexure to splenic flexure; left colon—descending and sigmoid colon up to rectosigmoid junction; and rectum—the portion
distal to the rectosigmoid junction.

TABLE 14.4 Further definitions of the Simple Endoscopic Score for Crohn’s Disease (SES-CD) [7].

Variable 0 1 2 3
Size of ulcer None Aphthous ulcers (o Large ulcers (o Very large ulcers (o
0.1-0.5 cm) 0.5—2 cm) >2 cm)
Ulcerated surface None <10% 10%—30% >30%
Affected surface Unaffected <50% 50%—75% >75%
segment
Presence of None Single, can be passed Multiple, can be Cannot be passed
narrowing passed
o = diameter.

FIGURE 14.12 The size of ulcer as a component of
SES-CD: (A) none (score =0), (B) aphthous ulcers,
0.1-0.5 cm (score =1), (C) large ulcers, 0.5—2 cm
(score =2), (D) very large ulcers <2 cm (score = 4).
SES-CD, the Simple Endoscopic Score for Crohn’s
Disease.

The Rutgeerts Score in ileocolonic resection and ileocolonic anastomosis

The 4-point RS has been routinely used for the assessment of disease recurrence of the neo-terminal ileum in CD
patients with ileocolonic resection (ICR) and ileocolonic anastomosis (ICA) in clinical practice as well as clinical trials.



FIGURE 14.13 The ulcerated surface as a compo-
nent of SES-CD: (A) none (score =0), (B) <10%
(score=1), (C) 10%—30% (score =2), and (D)
>30% (score =4). SES-CD, the Simple Endoscopic
Score for Crohn’s Disease.

FIGURE 14.14 The affected surface as a compo-
nent of SES-CD: (A) unaffected segment (score = 0),
(B) affected <50% (score =1), (C) affected 50%—
75% (score =2), and (D) affected >75% (score = 4).
SES-CD, the Simple Endoscopic Score for Crohn’s
Disease.

FIGURE 14.15 The presence of narrowing as a
component of SES-CD: (A) none (score = 0); (B) sin-
gle, can be passed (score = 1); (C) multiple, can be
passed by an endoscope (scores=2). Computed
tomography highlights the strictures; and (D) cannot
be passed (score=3). SES-CD, the Simple
Endoscopic Score for Crohn’s Disease.
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Right Transverse
colon colon

Presence and size of ulcers (0—3)

Extent of ulcerated surface (0—3)

Extent of affected surface (0—3) 2 0 il 3 0 6
Presence and type of narrowing (0—3) 3 0 3 0 0 6

SESCD 26

FIGURE 14.16 (A) Illustration of calculation of SES-CD in a patient with inflammatory and fibrostenotic ileocolonic CD: (a) a 2-cm-long ulcerated
nontraversable stricture at the terminal ileum with a 5-cm segment of nonulcerated inflammation; (b) normal ascending colon; (c) a 3-cm long ulcer-
ated nontraversable stricture at the transverse colon with 10-cm-long segment of disease; (d) 30-cm-long segment ulcerations at the left colon; (e) nor-
mal rectum. Of note, both strictures at the ascending colon and terminal ileum were treated with endoscopic balloon dilation, allowing for passage of
the endoscope and assessment of the proximal bowel. (B) calculation of SES-CD in the patient with inflammatory and fibrostenotic ileocolonic CD.
CD, Crohn’s disease; SES-CD, the Simple Endoscopic Score for Crohn’s Disease.

It is estimated that half of patients with CD will experience one surgery during their lifetime [10]. Surgery may be cura-
tive for some individuals; however, postoperative endoscopic recurrence occurs in 70%—90% of patients [8]. The RS
was developed as a marker of clinical relapse after surgical resection. The score ranges from 1,0 to i,4 and is determined
by the number of ulcers in the neo-terminal ileum. Patients with =1,2 are at an increased risk of clinical recurrence at
4 years compared to those with <i,2. The description of the RS is detailed in Chapter 8, Crohn’s disease: postsurgical,
with Table 8.2 and Fig. 8.8 [8]. Additional figures are added in this chapter to further illustrate the endoscopic features
of postoperative recurrence of CD in the neo-terminal ileum (Figs. 14.17—14.20).



FIGURE 14.17 Rutgeerts Score i,1 lesions after
ileocolonic resection and ileocolonic anastomosis for
Crohn’s disease: (A—D) discrete aphthous ulcers =5
in the neo-terminal ileum.

FIGURE 14.18 Rutgeerts Score i,2 lesions after
ileocolonic resection and ileocolonic anastomosis for
Crohn’s disease: (A) >5 aphthous ulcers with normal
intervening mucosa, (B and C) skip areas of larger
lesions, (D) lesions (ulcers) confined to ileocolonic
anastomosis. This can be labeled as an i,2a lesion in
the modified Rutgeerts Score.

FIGURE 14.19 Rutgeerts Score i,3 lesions after
ileocolonic resection and ileocolonic anastomosis for
Crohn’s disease: (A—D) diffuse aphthous ileitis with
diffusely inflamed mucosa.
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FIGURE 14.20 Rutgeerts Score i,4 after ileocolonic
resection and ileocolonic anastomosis for Crohn’s dis-
ease: (A and B) diffuse inflammation with larger
ulcers, (C) diffuse inflammation with ulcers and nodu-
larity, and (D) diffuse inflammation with strictures.

FIGURE 14.21 Other forms of bowel resection and
anastomosis in Crohn’s disease: (A) an asymmetric
ulcerated stricture at the neo-terminal ileum in a
patient with ileal resection and ileoileal anastomosis,
(B) colo-colonic anastomosis with no signs of disease
recurrence in a separate patient, (C) strictured ileorec-
tal anastomosis with normal neo-terminal ileum
viewed from distance , and (D) ileorectal anastomosis
stricture in a patient with a diverting ileostomy.

Whether ulcer on the surface of ICA is considered as a part of the recurrent CD is controversial, as the surgery-
associated ischemia can also cause ulcers. Nonetheless, ulcers on the surface of ICA should be separately labeled, which
led to the development of the modified RS for 1,2 lesions. The i,2a lesions are defined as the ulcer confined to the anasto-
mosis with or without <5 isolated aphthous ulcers in the ileum, and i,2b lesions are defined as >5 aphthous ulcers in the
ileum with normal mucosa in between, with or without anastomotic lesions. A recent retrospective study of 207 patients
undergoing ICR and ICA showed that i,2a lesions were not associated with a higher rate of 1-year progression to more
severe disease, while those with i,2b were [11]. This finding is consistent with the authors’ clinical practice. Detailed
information on the modified RS is discussed in Chapter 8, Crohn’s disease: postsurgical, with Table 8.3 and Fig. 8.9
[12,13]. An additional figure is added to illustrate the concept of ulcers confined to ICA (Fig. 14.18D).

Variants of ICR and ICA for the treatment of CD include ileoileal anastomosis, ileorectal anastomosis, colo-colonic
anastomosis, and colorectal anastomosis (Fig. 14.21). The role of RS in the diagnosis, differential diagnosis, and disease
monitoring in these settings remains to be investigated.
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FIGURE 14.22 Representative endoscopic features
of the Rutgeerts Score in the assessment of postopera-
tive Crohn’s disease in the neo-distal ileum in patients
with ileostomies: (A) i,0-normal neo-distal ileum, (B)
i,2 lesions (>5 aphthous lesions with normal
mucosa), (C) diffuse aphthous ileitis with inflamed
mucosa, and (D) diffuse inflammation with large
ulcers and narrowed lumen.

TABLE 14.5 Severity scale for small bowel lesions according to the lesions or history of surgery or any other
interventional procedure (the Lémann’s Score) [15].

Grade Stricturing lesions Penetrating History of surgery or any other
lesions interventional procedure

0 Normal Normal None

1 Wall thickening <3 mm and/or segmental NA NA
enhancement without prestenotic dilatation

2 Wall thickening =3 mm and/or mural stratification Deep transmural Bypass diversion or stricturoplasty
without prestenotic dilatation ulceration

3 Stricture with prestenotic dilatation Abscess or any Resection

type of fistula

The Rutgeerts Score in patients with ileostomy

There are limited data on the use of RS in CD with an ileostomy. This author’s group demonstrated that RS is valuable
the assessmentof recurrentCD in the neo-distal ileum in patients with ileostomies, as outlined in Chapter 8, Crohn’s dis-
ease: postsurgical (Fig. 8.17) [14]. Additional figures are added to further illustrate the role of RS in the evaluation of
the neo-distal ileum in patients with ileostomies (Fig. 14.22).

Endoscopy in the assessment of the Digestive Damage Score

The CDEIS and SES-CD only assess the disease activity of mucosal surface with or without luminal narrowing. The
transmural or penetrating nature of the disease process requires a combined assessment of endoscopy, cross-sectional
imaging, and histopathology. The “Lémann Score (LS)” also named as CD Digestive Damage Score was then devel-
oped. The LS evaluates CD at different gastrointestinal (GI) locations, strictures and penetrating disease, and the pres-
ence of surgical resection or bypass of the bowel, with upper GI endoscopy, colonoscopy, computed tomography
enterography, or magnetic resonance enterography (MRE) [15]. The 10-point LS consists of three components, strictur-
ing lesions (scores: 0—3), penetrating lesions (scores: 0—3), and history of surgery or any other interventional procedure
(scores: 0—3) (Tables 14.5 and 14.6). The role of endoscopy in the calculation of the entire LS relies on the assessment
of luminal narrowing with or without prestenotic dilation and the presence of surgical anastomosis or strictureplasty.
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TABLE 14.6 Examinations required for inclusion in the study aimed to develop the Lémann score, according to
Crohn’s disease (CD) location [15].

CD location Upper Colonoscopy Abdominal MRI Pelvic Abdominopelvic CT
endoscopy enterography MRI enterography

Upper digestive X X X

tract

Small bowel X X

Colon and/or X X X

rectum

Perianal and X X X

anal

CT, Computed tomography; MR/, magnetic resonance imaging.

FIGURE 14.23 Calculation of the 10-point Lémann Score in a combined assessment of endoscopy, imaging, histopathology, and surgical history for
Crohn’s disease: (A and B) strictured ileocecal valve with prestenotic dilation of the lumen of the terminal lumen (score = 3), (C and D) penetrating
disease with an ileo-sigmoid fistula on computed tomography (green arrow) and postoperative histopathology with epithelialized fistula tract (yellow
arrow) (score = 3), (E) presence of surgical history with bowel resection (D) and strictureplasty (E) (score = 3). The strictured outlet of the stricture-
plasty was dilated with an endoscopic balloon (score = 3). Histology photo: Courtesy of Dr. Shuyuan Xiao of University of Chicago Medical Center.

Cross-sectional imaging can assess stricturing or penetrating disease and postsurgical anatomy. Post-surgical histopa-
thology is used to evaluate transmural inflammation (Fig. 14.23).

Ulcerative colitis

Various clinical, endoscopic, or composite instruments have been developed for the assessment of disease activity, diag-
nosis, and monitoring of UC. The instruments integrated with endoscopic evaluation include the 3-point Truelove and
Witts Score (for hyperemia and granularity) [16], the 3-point Baron Score (for the severity of mucosal bleeding and fri-
ability) [17], the 2-point Powell-Tuck Sigmoidoscopic Score (for mucosal bleeding) [18], the 2-point Sutherland Score
(for severity of mucosal bleeding and friability) [19], and the 12-point Rachmilewitz Score (for vascular pattern, muco-
sal granularity, bleeding, mucus, fibrin, erosions, and ulcers) [20]. However, those scores are largely replaced by the
intruments listed next.

The Mayo Endoscopy Subscore

The 3-point MES is one of the most commonly used endoscopic scores in clinical trials and practice given its simplicity
and correlation with clinical outcomes (Table 14.7) [21,22]. MES is a part of a composite instrument, the Mayo Score,
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TABLE 14.7 The Mayo Endoscopy Subscore (MES) [21].

Score Descriptions

0 No friability or granularity, intact vascular pattern

1 Mild—erythema, diminished or absent vascular markings, mild granularity

2 Moderate—marked erythema, absent vascular marking, granularity, friability, no ulceration

3 Severe—marked erythema, absent vascular markings, granularity, friability, spontaneous bleeding in the lumen, ulcerations

FIGURE 14.24 Representative
features of components in MES in
ulcerative colitis: (A) erythema,
(B) loss of vascular pattern, (C) fri-
ability, (D) erosions (covered with
exudates), (E) bleeding, and (F)
ulcers. MES, the Mayo Endoscopic
Score.

also known as the 12-point Disease Activity Index (DAI), which was developed for a clinical trial [21]. The MES or
DALI consists of four 3-point subscores: stool frequency (0 =normal; 1 =1—2 more than normal; 2 = 3—4 more than
normal; 3 = =35 more than normal); rectal bleeding (0 = none; 1 = streaks <50% of time; 2 = obvious blood most of
the time; 3 = blood alone passed); physician’s global assessment (0 = normal; 1 = mild; 2 = moderate; 3 = severe); and
endoscopy (0 =mild or inactive; 1 =mild disease; 2 = moderate disease; 3 = severe disease). The MES is calculated
based on the features of erythema, vascular pattern, friability, erosions, spontaneous bleeding, and ulcerations
(Table 14.7 and Fig. 14.24). Each category of the UC disease severity is illustrated (Figs. 14.25—14.28). An MES score
of 0 or 1 has been considered endoscopic MH.

The MES is calculated with a mixture of various components of endoscopic inflammation. For example, an MES
score of 3 is defined as the presence marked erythema, absent vascular markings, granularity, friability, spontaneous
bleeding in the lumen, and ulcerations, with a total of six items. It is not clear whether the MES of 3 can be made based
on meeting all 6-point criteria or meeting any of the 6-item criteria. In addition, the presence of erosions or pseudopo-
lyps and extent of the disease are not listed in MES.

The modified Mayo Endoscopic Score

The modified 20-point Mayo Endoscopic Score uses the same definitions in terms of mucosal descriptions as MES, but
applied to each segment of the colon individually, excluding the ileum (Table 14.8) [23]. This score did not only corre-
late with clinical activity (the partial Mayo Score), biological activity (CRP and fecal calprotectin) but also with histo-
logic activity(Fig. 14.29A and B).

The Ulcerative Colitis Endoscopic Index of Severity

The Ulcerative Colitis Endoscopic Index of Severity (UCEIS) was the first validated endoscopic score to be applied to
UC patients [24,25]. This score has three endoscopic descriptors (vascular pattern, bleeding, and erosion and ulcers)
making it simple and capturing 90% of the variability in the overall disease severity (Table 14.9; Figs. 14.30—14.33).



FIGURE 14.25 Mayo Endoscopy Subscore of O:
(A—D) no friability or granularity, intact vascular pat-
tern at the cecum (A), ascending colon (B), splenic
flexure (C), and rectum (D).

FIGURE 14.26 Mayo Endoscopy Subscore of 1:
(A—D) mild-erythema, diminished or absent vascular
markings, and mild granularity.

FIGURE 14.27 Mayo Endoscopy Subscore of 2:
(A—D) marked erythema, absent vascular marking,
granularity, friability, but no ulceration.

0872075
19724
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FIGURE 14.28 Mayo Endoscopy Subscore of 3:
(A—D) marked erythema, absent vascular markings,
granularity, friability, spontaneous bleeding in the
lumen, and ulcerations.

TABLE 14.8 The modified Mayo Endoscopic Score (MMES) [23].

Colonic segments Evaluated® (0 or 1) Inflamed (0 or 1)° MES (0-3)°

Rectum

Sigmoid

Descending colon

Transverse colon

Ascending colon

Total (=Mayo score)

?Evaluated: 1 if this segment was (completely or partially) evaluated.

binflamed: 1 if Mayo Endoscopic Subscore for this segment was not 0.

“MES: evaluated for the macroscopically most severely inflamed part; score 0 for a segment with normal or inactive disease; score 1 for a segment with
erythema, decreased vascular pattern, mild friability; score 2 for a segment with marked erythema, absent vascular pattern, friability, erosions; score 3 for a
segment with ulcerations or spontaneous bleeding.

Studies have shown that endoscopic features on UCEIS is reflective of clinical outcomes such as relapse and colectomy
and predicts medium-to-long-term prognosis in patients undergoing induction medical therapy [26]. This score elimi-
nates mucosal friability, which was used in the Baron Index to describe endoscopic severity [17]. One of the main dis-
advantages of UCEIS is its initial development with the use of flexible sigmoidoscopy and failure of taking rest of the
colon into account. Examining the left side of the colon may not be sufficient to determine the severity and extent of
UC [27.,28].

Ulcerative Colitis Colonoscopic Index of Severity

The Ulcerative Colitis Colonoscopic Index of Severity (UCCIS) is a score, which overcomes this problem by taking
into consideration the extent and severity of patient with UC in a full colonoscopy (Table 14.10; Figs. 14.34—14.38)
[29]. In addition, UCCIS introduces friability as part of the endoscopic descriptors in comparison with UCEIS. The
endoscopic features of UCCIS is correlated with different clinical indices of disease activity such as the Simple Clinical
Colitis Activity Index, Lichtiger’s Clinical Activity Index, as well as to laboratory parameters of active inflammation
such as hemoglobin, CRP, and albumin [29].
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(B)
Gt e = (0_3,3
1 1 3

Rectum

Sigmoid 1 1 3
Descending colon 1 1 5
Transverse colon 1 0 0
Ascending colon 1 0 0

Total (=Mayo score) 5 3 9

'Evaluated: 1 if this segmentwas (completely or partially) evaluated.

2|nflamed: 1 if Mayo endoscopic subscore forthis segmentwas not 0.

3 MES: evaluated for the macroscopically most severely inflamed part; score 0 for a segmentwith normal or inactive
disease; score 1 fora segmentwith erythema, decreased vascular pattern, mild friability; score 2 for a segment with
marked erythema, absent vascular pattern, friability, erosions; score 3 fora segmentwith ulcerations or spontaneous
bleeding.

FIGURE 14.29 (A) illustration of calculation of the 20-point MMES: (a) severe proctitis with ulcers and exudates (score = 3), (b) multiple ulcers in
the sigmoid colon (score =3), (c) discrete ulcers in the descending colon (score =3), (d) normal transverse colon except subtle mucosal scars
(score =0), and (e) normal ascending colon except mucosal scars (score =0). (B) Calculation of MMES in the patient with extensive colitis with
active disease in the left colon and quiescent disease in the transverse and descending colon. MMES, the modified Mayo Endoscopy Subscore.

Inflammatory disorders of the ileal pouch

Restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA) is the surgical treatment of choice for patients
with refractory UC, UC-associated neoplasia, or familial adenomatous polyposis. Inflammatory conditions of the ileal
pouch are common, which include pouchitis, cuffitis, and CD of the pouch. Endoscopy plays a key role in the
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TABLE 14.9 The Ulcerative Colitis Endoscopic Index of Severity (UCEIS) [24].

Descriptor (score
most severe lesion)

Likert scale
anchor points

Definitions

Vascular pattern

Normal (1)

Normal vascular pattern with arborization of capillaries clearly defined, or with
blurring or patchy loss of capillary margins

Patchy obliteration
2)

Patchy obliteration of vascular pattern

Obliterated (3)

Complete obliteration of vascular pattern

Bleeding

None (1)

No visible blood

Mucosal (2)

Some spots or streaks of coagulated blood on the surface of the mucosa ahead of
the scope, which can be washed away

Luminal mild (3)

Some free liquid blood in the lumen

Luminal moderate
or severe (4)

Frank blood in the lumen ahead of endoscope or visible oozing from mucosa after
washing intraluminal blood, or visible oozing from a hemorrhagic mucosa

Erosions and ulcers

None (1)

Normal mucosa, no visible erosions or ulcers

Erosions (2)

Tiny (=5 mm) defects in the mucosa, of a white or yellow color with a flat edge

Superficial ulcers
3)

Large (>5 mm) defects in the mucosa, which are discrete fibrin-covered ulcers in
comparison with erosions, but remain superficial

Deep ulcers (4)

Deeper excavated defects in the mucosa, with a slightly raised edge

FIGURE 14.30 The 3-component, 10-point UCEIS:
vascular pattern, bleeding, and erosions and ulcers:
(A) obliterated vascular pattern (score =3) with an
inflammatory pseudopolyp, (B and C) mucosal bleed-
ing (score=1) (B) and severe luminal bleeding
(score = 3) (C), and (D) erosions (score = 2). UCEIS,
the Ulcerative Colitis Endoscopic Index of Severity.

diagnosis, differential diagnosis, disease monitoring, assessment of treatment response, and dysplasia surveillance in
patients with IPAA. Pouchitis and other inflammatory disease conditions of the pouch are discussed in Chapter 11,
"Ulcerative Colitis: Post-surgical". The 18-point Pouchitis Disease Activity Index (PDAI) contains clinical, endos-
copy, and histology subscores, each having up to 6 points (Table 11.3) [30]. The PDAI endoscopy subscores consist
of edema, granularity, friability, loss of vascular pattern, mucous exudates, and ulcers are highlighted in Fig. 11.23.
One of the shortcomings of the PDAI endoscopy subscore is its failure to address the distribution of inflammation,



FIGURE 14.31 Vascular pattern component in
UCEIS: (A) normal vascular pattern with capillaries
clearly defined, or with blurring or patchy loss of cap-
illary margins (score = 1), (B and C) patchy oblitera-
tion of vascular pattern (score = 2), and (D) complete
obliteration of vascular pattern (score =3). UCEIS,
the Ulcerative Colitis Endoscopic Index of Severity.

FIGURE 14.32 Bleeding component in UCEIS: (A)
normal no visible blood (score =1), (B) mucosal
bleeding-some spots or streaks of coagulated blood on
the surface of the mucosa ahead of the scope, which
can be washed away (score =2), (C) mild luminal
bleeding—some free liquid blood in the lumen
(score = 3), and (D) moderate or severe luminal
bleeding-frank blood in the lumen ahead of endoscope
or visible oozing from mucosa after washing intra-
luminal blood, or visible oozing from a hemorrhagic
mucosa (score =4). UCEIS, the Ulcerative Colitis
Endoscopic Index of Severity.

FIGURE 14.33 Erosion and ulcer component in the
UCEIS: (A) none-normal mucosa of the cecum with
no visible erosions or ulcers (score = 1), (B) erosions-
tiny (=5 mm) defects with of a white or yellow color
and a flat edge (score=2), (C) superficial ulcers-
large (>5 mm) defects with discrete fibrin-covered
ulcers (score =3), and (D) deep ulcers-deeper exca-
vated defects with a slightly raised edge (score = 4).
UCEIS, the Ulcerative Colitis Endoscopic Index of
Severity.
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TABLE 14.10 The Ulcerative Colitis Colonoscopic Index of Severity (UCCIS) [29].

Lesion Score Definition
Vascular pattern 0 Normal, clear vascular pattern
1 Partially visible vascular pattern
2 Complete loss of vascular pattern
Granularity 0 Normal, smooth, and glistening
1 Fine
2 Coarse
Ulceration 0 Normal, no erosion or ulcer

=

Erosions and pinpoint ulcerations

2 Numerous shallow ulcer with mucus

3 Deep, excavated ulcerations

4 Diffusely ulcerated with >30% involvement
Bleeding/friability 0 Normal, no bleeding, no friability

1 Friable, bleeding to light touch

2 Spontaneous bleeding

FIGURE 14.34 The 4-component, 10-point UCCIS:
vascular pattern, granularity, and bleeding/friability:
(A) vascular pattern (partially visible, score = 1), (B)
granularity (fine, score =1), (C) ulceration (deep,
excavated ulcerations, score = 3), and (D) bleeding/
friability (spontaneous bleeding, score =4). UCCIS,
the Ulcerative Colitis Colonoscopic Index of Severity.

while disease distribution patterns may provide clues for the differential diagnosis of microbiota-associated pouchitis,
immune-mediated pouchitis, and ischemic pouchitis [31]. However, the interobserver agreement is high only in the
endoscopic items of ulceration and ulcerated surface in the pouch body, not in other items of endoscopic scores [32].
Future studies are needed to assess responsiveness to treatment and development of a weighed endoscopic pouchitis
disease index.

The same endoscopic components have been adopted to measure the disease activity of cuffitis in a separate index,
that is, the Cuffitis Activity Index (Fig. 11.31) [33].



FIGURE 14.35 Vascular pattern component in the
10-point UCCIS: (A) normal vascular pattern
(score = 1), (B) partially visible vascular pattern
(score =2), (C) complete loss of vascular pattern
(score = 3), and (D) complete loss of vascular pattern
with extensive mucosal scars (score = 3). The forma-
tion of mucosal scars is a sign of healing, which is
often accompanied by loss of vascular pattern. The
score of 3 here may be overrated. UCCIS, the
Ulcerative Colitis Colonoscopic Index of Severity.

FIGURE 14.36 Granularity component in the 10-
point UCCIS: (A and B) fine granularity of mucosa
(score =1), (C) coarse granularity of mucosa
(score =2), and (D) coarse granularity of mucosa
with ulcers (score = 2). UCCIS, the Ulcerative Colitis
Colonoscopic Index of Severity.

FIGURE 14.37 Ulceration component in the 10-
point UCCIS: (A) erosions and pinpoint ulcerations
(score = 1), (B) numerous shallow ulcer with mucus
(score=2), (C) deep, excavated ulcerations
(score =3), and (D) diffusely ulcerated with >30%
involvement (score =4). UCCIS, the Ulcerative
Colitis Colonoscopic Index of Severity.
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FIGURE 14.38 Bleeding/friability component in the
10-point UCCIS: (A and B) friable, bleeding to light
touch (score = 1) and (C and D) spontaneous bleeding
(score =2). UCCIS, the Ulcerative Colitis
Colonoscopic Index of Severity.

FIGURE 14.39 Assessment of
Crohn’s disease—associated affer-
ent limb inflammation using the 6-
point PDAI endoscopy subscores:
(A and B) discrete ulceration, (C
and D) edema, loss of vascular pat-
tern, exudates, granularity, ulcers
with mucopurulent cap, and (E and
F) edema, granularity, loss of vas-
cular pattern, ulceration, and lumi-
nal narrowing. Luminal narrowing
or stricture is a part of fibrostenotic
Crohn’s disease of the pouch,
which is not a component of the
PDAI endoscopy subscore. PDAI,
the Pouchitis Disease Activity
Index.

The endoscopic scores have also been applied to calculate the degree of inflammation of the afferent limb
(Fig. 14.39), pouch body (Fig. 14.40), and cuff (Fig. 14.41) in patients with CD of the pouch [34,35]. In addition to
inflammatory phenotypes of CD of the pouch, pouchoscopy provides useful information on fibrostenotic and fistulizing
CD, as outlined in Chapter 11, Ulcerative colitis: postsurgical (Figs. 11.27—11.29). Erosions, erythema, strictures, fistu-
lae, and pseudopolyps are not listed in the PDAI endoscopy subscores.

Diverted bowel

Fecal diversion with an ileostomy, and occasionally colostomy, or jejunostomy are performed as a temporary or perma-
nent measure for the treatment of refractory disease in the downstream segment of the bowel, anal, or perianal area.
Diversion-associated mucosal inflammation often occurs in the diverted rectum (also called Hartmann’s pouch),
diverted colon, or a diverted ileal pouch. Patients with underlying IBD are at a higher risk for diversion bowel disease
than those without. The common endoscopic features of diversion bowel disease are nodularity, friability, and spontane-
ous bleeding (Figs. 14.42—14.44), also as outlined in Chapter 13, Diversion-associated bowel diseases. Currently, there



FIGURE 14.40 Assessment of
Crohn’s disease—associated pouch
body inflammation using the 6-
point PDAI endoscopy subscores:
(A) edema, (B—D) edema, ery-
thema, loss of vascular pattern, and
exudates, (E) ulceration, and (F)
loss of vascular pattern and ulcera-
tion. Erythema is not a component
of the PDAI endoscopy subscores.
PDAI, the Pouchitis Disease
Activity Index.

FIGURE 14.41 Assessment of
Crohn’s disease—associated cuff
inflammation using the 6-point
PDAI endoscopy subscores: (A)
edema with a fistula opening, (B
and C) granularity, loss of vascular
pattern, and friability, (D) loss of
vascular pattern and friability, (E
and F) nodularity, mucous exudates
on ulcers with a stricture, and (F)
the presence of stricture, fistula, or
stricture is not a component of the
PDAI endoscopy subscores. PDAI,
the Pouchitis Disease Activity
Index.

FIGURE 14.42 Endoscopic evaluation of the
diverted colon or Hartmann pouch for refractory rec-
tal and perianal Crohn’s disease: (A) perianal disease
with ulcers and fistula, (B) diverting ileostomy with
normal mucosa of the neo-distal ileum, (C) ulcerated
stricture at the distal rectum, and (D) diversion procti-
tis with nodular and friable mucosa with spontaneous
bleeding.
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FIGURE 14.43 Endoscopic evaluation of diverted
colon for refractory rectal and perianal Crohn’s dis-
ease: (A) diverted colon with a long stricture (green
arrow) on gastrograffin enema; (B) distal rectal stric-
ture due to long-term fecal diversion; and (C and D)
diverted colon with friable mucosa and spontaneous
bleeding.

FIGURE 14.44 Endoscopic evaluation of diverted
ileal pouch for refractory Crohn’s disease of the
pouch in a patient with a precolectomy diagnosis of
ulcerative colitis: (A) end ileostomy, (B) normal neo-
distal ileum assessed by ileoscopy via stoma, and (C
and D) diverted pouch before and after air insuffla-
tion. Mucosa of the diverted pouch was extremely fri-
able even with minimum air or carbon dioxide
insufflation.

are no endoscopy disease activity instruments specifically designed for the measurement of inflammation of diversion

bowel disease.

Strictureplasty

Strictureplasty is increasingly performed in patients with small bowel CD. To date, there are no published disease activ-
ity instruments for the measurement of inflammation in the strictureplasty (Fig. 14.45). The anatomy and CD activity in
strictureplasty site are also discussed in Chapter 8, Crohn’s disease: postsurgical, along with Figs. 8.10—8.14.
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FIGURE 14.45 Endoscopic evaluation of stricture-
plasty for Crohn’s disease: (A) ulcerated outlet stric-
ture in a strictureplasty site (green arrow) with
normal mucosa of the body. (B) normal outlet (yellow
arrow) of a strictureplasty site in a separate patient
with loss of vascular pattern of mucosa of the body,
and (C) multiple stricturoplasties in a patient with
Crohn’s  disease on computed tomography
enterography.

FIGURE 14.46 Assessment of treatment response
with antiintegrin therapy in a Crohn’s disease patient
with ileorectal anastomosis: (A and B) severe inflam-
mation with granularity, exudates, and ulcers, exu-
dates in the rectum and (C and D) resolution of the
inflammation of the rectum except for mild loss of
vascular pattern.

Disease monitoring and endoscopic healing

Adjunct to clinical, biological, and radiographic evaluation, endoscopic assessment plays a key role in the disease moni-
toring and assessment of treatment response, and prediction of the prognosis. The endoscopic disease indices have been
used to assess the response to medical and surgical treatment (Figs. 14.46—14.49).

Endoscopic mucosal healing has routinely been used as an endpoint of trials of immunomodulators, antitumor necro-
sis factor-a, antiintegrin [36], antiinterleukin [37], anti-Janus kinase [38] therapy for moderate-to-severe CD or UC. A
precise term of MH has not clearly been defined, although the phrases of “absence of ulcers,” “endoscopic scores
improvement,” or “complete absence of all inflammatory and ulcerative lesions in all segments of gut” have been used
in the majority of clinical trials. MH is mainly measured by the white-light-endoscopy-based scores in various CD- or
UC-related indices. For example, MH in CD has been defined as CDEIS 0 or <3, SES-CD 0 or <5, RS 0—1, and
MES 0—1. It appears that the current phrase is the definition of exclusion, rather than a proactive term for diagnosis.
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FIGURE 14.47 Assessment of treatment response
with tumor-necrosis factor therapy in a patient with
Crohn’s colitis: (A and B) active colitis with nodular-
ity and ulcers and (C and D) resolution of the inflam-
mation of the colon with the formation of mucosal
scars and pseudopolyps.

FIGURE 14.48 Assessment of treatment response
with tumor-necrosis factor therapy in a patient with
Crohn’s disease of the duodenum: (A and B) ulcers in
the second portion of the duodenum (A) and ulcers
and ulcerated stricture at the duodenum bulb and cap
(B),and (C and D) resolution of the ulcers, including
ulcers on the surface of the stricture.

Image-enhanced endoscopy with the demonstration of a more detailed mucosal and vascular structure may further
define MH, as outlined in Chapter 19, “Chromoendoscopy in Inflammatory Bowel Disease”.

Tissue healing may not only be present with the absence of active inflammation, such as erosions, ulcers, friability,
and spontaneous bleeding, but also with other forms, such as the formation of pseudopolyps (Fig. 14.50), mucosal scars
(Fig. 14.51), mucosal ridges (Fig. 14.52), or mucosal bridges (Fig. 14.53). These endoscopic features can be seen in
both CD and UC, and in both small bowel and large bowel CD. MH is often associated with the formation of pseudopo-
lyps. Therefore isolated sparse, multiple, or numerous pseudopolyps with no active disease in surrounding mucosa can
be a part of healing [39]. There is limited literature on mucosal scars, ridges, or bridges. These endoscopic features
have not been listed in the current endoscopy disease activity scores. We suggest that these endoscopic findings be mar-

kers for quiescent or inactive disease.



FIGURE 14.49 Assessment of treatment response
with antiintegrin therapy in a patient with Crohn’s
disease of the pouch: (A and B) ulcers the afferent
limb (the Pouchitis Disease Activity Index endoscopy
subscore = 1) and (C and D) resolution of the ulcers
(the Pouchitis Disease Activity Index endoscopy
subscore = 0).

FIGURE 14.50 Pseudopolyps associated with quies-
cent disease in ulcerative colitis: (A—D) various
forms of pseudopolyps associated with mucosal
healing.

FIGURE 14.51 Mucosal scars in patients with
Crohn’s disease or ulcerative colitis: (A) mucosal
scars with disease activity (bleeding) in a patient with
Crohn’s disease and (B—D) various forms of mucosal
scars after effective medical therapy in patients with
ulcerative colitis.



218  Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

FIGURE 14.52 Mucosal ridges in patients with
ulcerative colitis: (A—D) various forms of mucosal
ridges without active disease activity.

FIGURE 14.53 Mucosal bridges in patients with
Crohn’s disease: (A—C) various forms of mucosal
bridges without active disease activity and (D) muco-
sal bridges with active disease.

Endoscopic documentation of MH has been used in conjunction with cross-sectional imaging evaluation for transmural
healing in CD. Patients with endoscopic MH and transmural healing on MRE are considered as having deep healing. The
features of transmural healing on MRE include the absence of abnormal bowel wall thickening (defined has a thickness
>3 mm), increased contrast enhancement, and complications (stricture, abscess, or fistulae) [40,41]. Endoscopic MH and
MRE’s transmural healing do not necessarily correlate. In a study of 151 children with CD undergoing a clinical trial, 21
(14%) had deep healing (consisting of MH and transmural healing), 9 (6%) had MH without transmural healing, 38 (25%)
had transmural healing without MH, and 83 (55%) had both mucosal and transmural inflammation [42].

Summary and recommendations

Endoscopy, upper endoscopy, colonoscopy, and ileoscopy have been routinely used to diagnose, differential diagnosis,
disease monitoring, and assessment of treatment response in IBD. Various endoscopy disease activity instruments have
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been developed in CD, UC, and pouchitis. These disease activity indices are mainly used in clinical trials but are
increasingly been used in routine clinical practice. Some of disease activity indices have been incorporated into the tem-
plate of endoscopy reporting system. On the other hand, the calculation of these indices is still cumbersome. We are
looking forward to seeing new, user-friendly, and statistically weighted instruments being developed.
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Abbreviations

CD Crohn’s disease

GHAS the Global Histologic Disease Activity Score

GI gastrointestinal

IBD inflammatory bowel disease

IPAA ileal pouch—anal anastomosis

IOIBD the International Organization for the Study of Inflammatory Bowel Disease
STRIDE the Selecting Therapeutic Targets in Inflammatory Bowel Disease

UC ulcerative colitis

Introduction

Histologic assessment of biopsy and resection specimens of the small and large intestine has always been an integral
part of the diagnosis and management of idiopathic inflammatory bowel disease (IBD). Most IBD cases can be classi-
fied into two major subtypes: ulcerative colitis (UC) and Crohn’s disease (CD). UC is a chronic inflammatory disease
of the colon, while CD is an inflammatory disease with a propensity to involve the gastrointestinal (GI) tract [1—4].
From a histopathologic standpoint, despite many shared characteristics, each subtype has unique macroscopic (gross)
and microscopic (histologic) features that can help distinguish one from another.

Macroscopic features of UC and CD and guidelines of standard endoscopy sampling with adequate specimens for
histopathology evaluation will be discussed first in this chapter. This is followed by discussions of histologic features of
each entity and histologic grading and scoring systems that have been used in clinical trials of UC and CD. The remain-
der of the chapter is focused on histologic mucosal healing in IBD.
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Macroscopic features of ulcerative colitis and Crohn’s disease

UC classically starts in the rectum and can extend proximally to involve other segments or even the entire colon. The
extent of involvement is determined by the severity of the disease. Small intestine or upper GI tract is usually spared in
UC. Inflammation in UC is contiguous and homogenous in the affected segment of the colon without any uninflamed
areas. Further, inflammation in UC is superficial and predominantly confined to the mucosa muscularis mucosae, or
superficial submucosa. Ulcers in UC are shallow and typically do not involve the muscle wall. The deep layers of the
bowel wall and mesentery are intact in UC [1] (Fig. 15.1A and Table 15.1).

In contrast, CD can affect any part of the GI tract, though the small intestine and proximal colon being the most
often-affected segments. Inflammation in CD is segmental and discontinuous. Inflamed areas are intermixed with unin-
flamed areas, resulting in an appearance of “skip lesions.” In addition, inflammation in CD is transmural and, therefore,

FIGURE 15.1 Macroscopic features of ulcerative colitis and Crohn’s disease. (A) Macroscopic examination of a colectomy specimen reveals a dif-
fuse and homogenous colitis with erythema and ulceration. The colon lies flat on the examination table upon opening. (B) Macroscopic examination
of a segmental colectomy specimen reveals segmental colitis with strictures and longitudinal ulceration. The colon does not lie flat on the examination
table upon opening.

TABLE 15.1 Macroscopic features of ulcerative colitis and Crohn’s disease.

Macroscopic appearance Ulcerative colitis Crohn’s disease
Rectum involvement Yes No
Small intestine involvement No Yes
Diffuse and contiguous Yes No
Segmental disease with skip lesions No Yes
Penetrating ulcer No Yes
Fistula No Yes

Fat wrapping in mesentery No Yes
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can cause injuries to the muscle wall, serosa, or mesentery. Deep-penetrating ulcers, fissures, fistula tracts, strictures,
and fat wrapping along the antimesenteric border are hallmark features of CD [2] (Fig. 15.1B and Table 15.1).

Endoscopic tissue sampling in inflammatory bowel disease

In clinical practice, histologic evaluation of biopsy specimens obtained through colonoscopy or ileocolonoscopy in UC
or CD patients is performed to establish IBD diagnosis, evaluate for dysplasia, and confirm the presence of active dis-
ease during an episode of clinical flare [5—8]. In clinical trials, the histologic evaluation of biopsy specimens is pre-
dominantly used to assess changes in histopathology over a period of time and/or before and after the administration of
treatment. Regardless of the purpose, the diagnostic yield of biopsies is determined by appropriate sampling of colorec-
tal and ileal mucosa [5—8].

It is recommended that at least two, preferably multiple, biopsy fragments should be obtained from each segment of
the colon and from the segment of ileum accessible through ileocolonoscopy [7]. The use of large-cup or large-capacity
forceps is recommended to obtain biopsy samples at least 4 mm in size. It is recommended to take an additional biopsy
for each biopsy that measures less than 4 mm [7]. Large biopsies are not necessarily deep ones. Since certain histologic
features, such as basal plasmacytosis which will be defined and discussed later in the chapter, involve the space right
above muscularis mucosae, deep biopsy should be obtained if possible [6,7].

Both endoscopically normal and abnormal locations or distinctive areas in the same anatomic location should be
sampled [6,7]. When sampling endoscopically abnormal or inflamed mucosa, such as ulcers, biopsies should be taken
from the most severely affected or inflamed region [6,7]. Random biopsies from the same segment presumably with
similar endoscopic appearances can be collected in one single specimen container. However, biopsies from endoscopi-
cally abnormal areas with different appearances in the same segment should be submitted separately [5]. Containers
should be labeled by anatomic segments [5]. Biopsy specimens should be immediately fixed in 10% neutral buffer for-
malin [5,7] or other fixatives.

In surgery-naive patients a standardized biopsy procurement protocol may include sampling each segment of the
colon, including the rectum, left colon, transverse colon, right colon, and terminal ileum [8]. When flexible sigmoidos-
copy is used in patients with severe colitis or megacolon, biopsies of the descending colon, sigmoid colon, and rectum
are recommended as the basic minimum series [7]. In patients with previous surgery or CD patients with severe stric-
tures, all accessible segments should be biopsied and submitted separately [8]. It is additionally recommended to always
take two biopsies from the rectum [7,8].

In addition to providing a sufficient number of good-quality biopsies, pertinent clinical information and endoscopic
findings preferably together with endoscopic pictures should be made available to pathologists.

Microscopic features of ulcerative colitis

UC and CD have substantial overlapping histologic features. Upon microscopic examination, histologic findings of UC
and CD as a whole can be subclassified as features of activity and features of chronicity (Fig. 15.2 and Table 15.2).
Activity is defined as neutrophilic epithelial injury. Histologic features of activity include cryptitis, crypt abscesses, ero-
sions, and ulcers. Chronicity refers to the presence of a constellation of the following histologic features, including
crypt architecture distortion, infiltration of chronic inflammatory cells (such as lymphocytes and monocytes), and meta-
plasia. Chronic inflammation consists of both expansions of lamina propria by lymphoplasmacytic inflammation and
basal plasmacytosis, which is defined as plasma cells filling the space between the bases of the crypts and muscularis
mucosae [9]. Metaplasia typically includes Paneth cell form in the left colon and pyloric gland form throughout colon.

It is important to note that the aforementioned features of chronicity are morphological findings observed in the
mucosa. Therefore they can be appreciated in both UC and CD and by the same token in both biopsy and resection spe-
cimens. Other histologic features of chronicity, including muscularis mucosae hyperplasia and submucosal fibrosis,
may not be seen in biopsy specimens. Furthermore, histologic features associated with inflammation and injury deep in
the bowel wall, which are characteristically seen in CD, will be discussed in the microscopic features of resected surgi-
cal specimens of CD.

Features of activity and chronicity are not mutually exclusive. Rather, they frequently coexist. In other words, both
sets of features can be appreciated when evaluating a specimen. In such instance the disease in a colon biopsy, for
example, can be referred to active chronic colitis. Along these lines, active colitis in biopsy is a diagnosis referring to
the presence of features of activity only without those of chronicity, while inactive chronic colitis, features of chronicity
only without evidence of activity.
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TABLE 15.2 Histologic features of ulcerative colitis and Crohn’s disease.

FIGURE 15.2 Microscopic fea-
tures of activity and chronicity
in ulcerative colitis and Crohn’s
disease. Activity is defined as
neutrophil-mediated epithelial injury,
including cryptitis, crypt abscesses
(A); erosions and ulcerations (B).
Chronicity refers to the presence of a
constellation of the following fea-
tures, including crypt architectural
distortion (C); basal lymphoplasma-
cytosis, Paneth cell metaplasia in the
left colon, and pyloric gland meta-
plasia in the colon (D).

Histopathology features

Ulcerative colitis

Crohn’s disease

Small intestine involvement
Rectum involvement
Skip lesions
Features of activity
Cryptitis
Crypt abscess
Erosion
Ulceration
Aphthous ulcer
Features of chronicity
Crypt architecture distortion
Basal plasmacytosis

Increased lamina propria lymphocytes and plasma cells

Paneth cell metaplasia in left colon
Pyloric gland metaplasia
Epithelioid granuloma

Mural changes
Muscularis mucosae hyperplasia
Submucosal fibrosis
Fissuring ulcers
Fistula/Sinus tract
Transmural lymphoid aggregates
Neural hypertrophy
Muscularis propria hypertrophy

No
Yes
No

Yes
Yes
Yes

Yes, but shallow

No

Yes
Yes
Yes
Yes
Yes
No

Yes (when severe)
Yes (when severe)

No
No
No

No (yes when severe)

No

Yes
No (yes in some cases)
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Histologic evaluation of biopsy specimen has been used to determine response to medical therapy in clinical trials
for UC. To accomplish such a task a histopathology scoring index is often used to evaluate and compare the degree of
active inflammation, chronic inflammation, and/or chronic injury, such as crypt architecture distortion in biopsy speci-
mens obtained from colonoscopy before and after treatment. The first histologic scoring system used for UC was
developed in 1956 [10]. To date, at least 30 histologic scoring systems have been developed for the disease [11].
Despite the large number and wide use in clinical trials, only a small subset of the existing scoring indexes have been
validated to a certain extent for reproducibility and reliability in evaluating histologic findings in UC [7,8,11—14].
Furthermore, an even smaller number of scoring systems have been evaluated for responsiveness, which is defined as
the ability to detect changes following a period of known histopathological alterations following known efficacious
treatment [8,11].

The Riley score [15,16], modified Riley score [17], and Geboes score [18] are the most commonly used histopathol-
ogy indexes among those validated scoring systems. All three scoring systems are shown to have substantial intraobser-
ver agreements, while their interobserver agreements are less optimal [7,11,14,19]. However, none of the three scoring
systems has been subjected to responsiveness testing. Two recently developed histopathology indexes, i.e. the Nancy
histological index [19] and the Robarts histopathology index [20], are reported to have almost perfect intra- and interob-
server agreements [11]. Both are shown to be responsive to histopathology changes [19,20]. Essential details of these
histopathology indexes are listed in Table 15.3 and discussed as follows.

The Riley score was initially developed in 1988 [16] and subsequently described in 1991 [15] in a clinical study in
investigation the role of microscopic inflammation in the prediction of relapse in UC patients. The patients were in
symptomatic and endoscopic remission. The Riley score incorporates six histologic features, including characteristics
of both activity (features 1—4) and chronicity (features 5 and 6). Each feature is graded on a four-point scale and is
given an equal weight. Features of activity in the Riley score were shown to be predictive of the relapse in the follow-
ing year [15].

The modified Riley score was described in 2005 in a multicenter, randomized, placebo-controlled trial for the treat-
ment of active UC with vedolizumab [17]. In this study, rectal biopsies were graded with the subset of grading scores
for activity in the Riley score (features 1—4 of the Riley score; Table 15.3). Active inflammation was graded on an
eight-point scale from no inflammation to severe acute inflammation. This was designated as the modified Riley score.
Details in histologic findings for each score in the modified Riley score were not discussed explicitly in the 2005 study.
Key features of the modified Riley score listed in Table 15.3 are summarized on the basis of recent articles [8,20]. The
rationale of discarding features of chronicity in the Riley score as discussed [11] is based on the observation that fea-
tures of chronicity were resistant to short-term treatments.

The Geboes score is a comprehensive scoring system [18]. This scoring system evaluates multiple histologic features
of activity and chronicity separately. Each feature is assigned to a major grade and is further graded on either a four-
point or a five-point scale into subgrades. The assumption as discussed in the study is that the progression through each
grade and subgrade correlates with increased disease severity or activity. The grade of the most affected biopsy frag-
ment/the worse area should be used. In contrast to other scoring systems the Geboes score includes eosinophils in the
lamina propria as one feature for disease activity in UC. In addition, the Geboes score has been shown to predict disease
relapse in UC patients who were clinically in remission and had endoscopically inactive disease [21,22].

The Nancy histological index [19] and Robarts histopathology index [20] are new scoring systems developed around
a similar time. Both used histologic features in existing histopathology indexes that were highly reliable in evaluating
histologic disease activity. The Nancy histological index was built with statistical modeling using candidate histologic
features, including those (1) that were reliable for the evaluation of histologic disease activity based on their preliminary
work in UC and (2) selected based on expert opinion and literature review. The final Nancy index uses three histologic
features, i.e. ulceration, acute and chronic inflammatory cell infiltration. The scoring algorithm is a stepwise, five-grade
classification system detailed in Table 15.3.

The authors of the Robarts histopathology index first evaluated the modified Riley score and Geboes score and
determined which features were reproducible and reliable for the evaluation of histologic disease activity [20]. Four fea-
tures of the Geboes score, including chronic inflammatory infiltrates, lamina propria neutrophils, neutrophils in the epi-
thelium, and erosion/ulceration, showed the best reliability that were used in the Robarts histopathology index. The
total scores range from no disease activity to severe disease activity.

In pathology practice the severity of UC is usually assessed qualitatively or descriptively by pathologists using a
grading system resembling the Geboes score [18]. Examples of quiescent colitis (Geboes score: grade 0), chronic inac-
tive colitis (Geboes score: grade 1), mildly active colitis (Geboes score: grade 2), moderately active colitis (Geboes
score: grades 3/4), and severely active colitis (Geboes score: grade 5) are illustrated in Fig. 15.3A—E. Additional
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TABLE 15.3 Review of selected histopathology scoring systems in ulcerative colitis.

Score Key features
Riley score, 1991 [15] Six histological features graded on a four-point scale (0—none, 1—mild, 2—moderate, and
3—severe):

1. Neutrophil infiltration in lamina propria
Neutrophilic epithelial injury as crypt abscesses
Mucin depletion
Surface epithelial integrity
Chronic inflammatory cell infiltrate in lamina propria
. Crypt architecture abnormalities
Modified Riley score, 2005 Scores only active inflammation:
[17] Score 0: normal mucosa or inactive colitis
Score 1: scattered individual neutrophils in lamina propria
Score 2: patchy collections of neutrophils in lamina propria
Score 3: diffuse neutrophilic infiltrate in lamina propria
Score 4: neutrophils in epithelium, <25% of crypts involved
Score 5: neutrophils in epithelium, 25%—75% of crypts involved
Score 6: neutrophils in epithelium >75% crypts involved
Score 7: severe acute inflammation including erosion and ulceration
Geboes score, 2001 [18] Evaluate multiple features of activity and chronicity; each major grade is subdivided into subgrades
based upon severity or activity:
Grade 0: structural changes only
Subgrades 0.0 (no abnormality)—0.3 (severe diffuse or multifocal abnormality)
Grade 1: chronic inflammation
Subgrades 1.0 (no increase)—1.3 (marked increase)
Grade 2: lamina propria eosinophils and neutrophils
Grade 2A: eosinophils
Subgrades 2A.0 (no increase)—2A.3 (marked increase)
Grade 2B: neutrophils
Subgrades 2B.0 (none)—2B.3 (marked increase)
Grade 3: neutrophils in epithelium
Subgrades 3.0 (none)—3.3 (>50% crypts involved)
Grade 4: crypt destruction
Subgrades 4.0 (none)—4.3 (unequivocal crypt destruction)
Grade 5: erosions or ulcers
Subgrades 5.0 (no erosion, ulceration, or granulation tissue)—5.4 (ulcer or granulation tissue)
The Nancy index, 2017 [19] Three histologic features and a five-grade, stepwise, classification scheme:
Grade 4: severely active disease (ulceration)
If no ulceration, acute inflammatory cell infiltrate (presence of neutrophils) is assessed
Grade 3: moderately active disease (moderate or severe acute inflammatory cells infiltrate)
Grade 2: mildly active disease (mild acute inflammatory cells infiltrate)
If no acute inflammatory cells infiltrate, assessment of chronic inflammatory infiltrate
(lymphocytes and plasma cells) is made
Grade 1: chronic inflammatory cell infiltrate with no acute inflammatory infiltrate (moderate to
marked increase in chronic inflammatory infiltrate)
Grade 0: no histological significant disease (no or mild increase in chronic inflammatory infiltrate)
Robarts histopathology index, Used reproducible and reliable features in Geboes score; total score ranges from 0 (no disease
2017 [20] activity) to 33 (severe disease activity):
Robarts histopathology index
=1 X chronic inflammatory infiltrate level (four levels)
+ 2 X lamina propria neutrophils (four levels)
+ 3 X neutrophils in epithelium (four levels)
+ 5 X erosion or ulceration (four levels after combining Geboes 5.1 and 5.2)

AN

descriptors are often provided for (1) the presence and absence of dysplasia, (2) severity of dysplasia (low-grade or
high-grade) when present, (3) the presence and absence of granuloma, and (4) the quantity (one/single, rare, a few, or
abundant) of granulomas when present. Histologically, the presence of granuloma may raise the suspicion for a diagno-
sis of CD. However, collections of histiocytes adjacent to ruptured crypts can be seen in UC.
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FIGURE 15.3 Examples of quiescent
colitis (A), chronic inactive colitis
(Geboes score: grade 1) (B), mildly active
colitis (Geboes score: grade 2) (C), moder-
ately active colitis (Geboes score: grade 3/
4) (D), and severely active colitis (Geboes
score: grade 5) (E).

Microscopic features of Crohn’s disease

Inflammation in CD, as previously discussed, often involves small intestine and proximal colon; it is segmental and
transmural. Histologically, CD involvement of mucosa in either small intestine or colon classically demonstrates “skip
lesions,” in which normal mucosa is alternating with areas of activity and chronic injury. Mucosal disease in CD shares
many histologic features of activity and chronicity with UC, such as cryptitis, crypt abscess, crypt architecture distor-
tion, and basal plasmacytosis (Table 15.2). Histologic features of mucosal disease in CD are aphthous ulcers and epithe-
lioid granulomas. Histologically, aphthous ulcers are small erosions with neutrophilic infiltrates of the surface
epithelium overlying lymphoid aggregates. Epithelioid granulomas are composed of aggregates of epithelioid histio-
cytes intermixed with lymphocytes and neutrophils without central necrosis (Fig. 15.4A and Table 15.2). In addition to
mucosal disease, CD is characterized by mural changes, including deep fissuring ulcers, fistula and sinus tracts, trans-
mural lymphoid aggregates, neural hypertrophy, muscularis propria hypertrophy, inflammation and fibrosis of mesen-
tery, subserosal tissue, and serosa (Fig. 15.4B—D). Epithelioid granulomas can also be present in deep layers of the
bowel wall (Table 15.2). Histologic features of mural changes are typically seen in CD resection specimens, not in UC.

Similar to UC, many histologic scoring systems (at least 13) have been developed for CD to evaluate disease activ-
ity in clinical trials (Table 15.4) [23,24]. Only a few indexes have been validated to a certain degree for their reproduc-
ibility, reliability, and responsiveness [8,23,24]. The most commonly used histopathology index is the Global
Histologic Disease Activity Score (GHAS) [25,26]. This scoring index evaluates eight items in total. Seven items are
histopathology features of active inflammation, chronic inflammation, architectural changes, and the presence of
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FIGURE 15.4 Features characteristics
to Crohn’s disease are epithelioid granu-
loma (A); sinus, and inflammation and
fibrosis of mesentery, subserosal, and
serosa (B). Other features are deep fis-
suring ulcers (C); and transmural lym-
phoid aggregates (D).

granulomas. The eighth item is the number of biopsy specimens affected [25]. GHAS has been modified many times to
score colonic and ileal biopsies separately or to score only inflammation without architectural changes [27—30]. The
details of these modified indexes are beyond the scope of this chapter. Readers can find detail information in the origi-
nal publications [27—30] and review articles [8,23]. GHAS and indexes modified from GHAS have been shown to be
responsive to histopathological changes due to known effective therapy [26].

The index by Naini and Cortina was built in an attempt to standardize pathology diagnosis of CD [31]. This
index scores the ileum and colon separately, each by a set of histopathological features (Table 15.4). Both sets of
features contain items for evaluating active and chronic inflammation, as well as chronic injury, such as architecture
distortion and muscularis mucosae hyperplasia. Validation for reliability was performed during the development of
this histopathology index. The interobserver agreement was excellent (correlation coefficient between pathologists:
0.94—-0.96).

In pathology practice the severity of CD is usually assessed qualitatively or descriptively by pathologists using a
grading system resembling the Geboes score [18], in a similar fashion to UC. Comparable descriptors for dysplasia and
granulomas are also provided. The diagnostic categories include quiescent enteritis/colitis, chronic inactive enteritis/
colitis, mildly active enteritis/colitis, moderately active enteritis/colitis, and severely active enteritis/colitis. Obviously,
this assessment is not optimal, as it does not take changes in the deep layers of bowel, such as muscular mucosae hyper-
trophy and submucosal fibrosis, into consideration.

Histologic grading systems in pouchitis and cuffitis

Pouchitis is defined as a nonspecific inflammation of the ileal reservoir in IBD patients, who underwent ileal
pouch—anal anastomosis (IPAA) after proctocolectomy [32]. The most commonly used disease activity index for pou-
chitis was first described in 1994 [33]. This index evaluates pouchitis through a combined assessment of clinical symp-
toms, endoscopic findings, and histopathology. The histopathology subscore evaluates acute inflammation with
neutrophilic infiltration and ulceration separately. Each is graded on a three-point scale as follows. For acute inflamma-
tion, mild neutrophilic inflammation is assigned score 1; moderate neutrophilic inflammation with crypt abscess is
assigned score 2; and severe neutrophilic inflammation with crypt abscess, score 3. For ulceration the average percent-
age of a biopsy involved by ulceration evaluated at low magnification is reported. Ulceration in less than 25% of the
biopsy is graded as score 1; ulceration involving 25%—50% of the biopsy is graded as score 2; and ulceration in more
than 50% of the biopsy, score 3. The maximum score of the histopathology component is 6.
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TABLE 15.4 Review of selected histopathology scoring indexes in Crohn’s disease.

Score Key features

GHAS, 1998 [25] Each feature is scored independently

A moderate increase suggests up to twice the number of cells that can normally be expected

A severe increase suggests more than twice the normal number of cells
Epithelial damage: 0—normal, 1—focal pathology, and 2—extensive
pathology
Architectural changes: 0—normal, T—moderately disturbed (<50%), 2—severely disturbed (> 50%)
Infiltration of mononuclear cells in lamina propria: 0—normal, 1T—moderate increase, 2—severe
increase
Infiltration of polymorphonuclear cells in the lamina propria: 0—normal, 1—moderate increase, and 2—
severe increase
Polymorphonuclear cells in epithelium: 1—in surface epithelium, 2—cryptitis, and 3—crypt abscess
Presence of erosion and/or ulcers: 0—no and 1—yes
Presence of granuloma: 0—no and 1—yes
Number of biopsy specimens affected: 0—none, 1— =33%, 2— >33%— = 66%, and 3— > 66%

Naini and Cortina, lleum and colon are scored separately. Total ileitis score ranges from 0 to 10; total colitis score ranges from
2012 [31] Oto17.
lleum:

Architecture distortion: 0—absent, 1—mild, and 2—conspicuous
Increased lymphoplasmacytic inflammation in lamina propria: 0—absent, 1—mild, and 2—conspicuous
Neutrophilic inflammation, including erosions/ulcerations: 0—absent, 1—mild, and 2—conspicuous
Granulomas: 0—absent and 1—present
Pyloric gland metaplasia: 0—absent and 1—present
Colon:
Crypt architecture distortion: 0—absent, 1—mild, and 2—conspicuous
Basal lymphoplasmacytosis: 0—absent, T—mild, and 2—conspicuous
Cryptitis and crypt abscesses: 0—absent, T—mild, and 2—conspicuous
Ulcers: 0—absent and 1—present
Granulomas: 0—absent and 1T—present
Increased lamina propria eosinophils: 0—absent, 1—mild, and 2—conspicuous
Paneth cell or pyloric gland metaplasia: 0—absent and 1T—present
Lymphoid nodules at base: 0—absent and 1—present
Muscularis mucosae hyperplasia, splaying of fibers, adipose tissue in mucosa, and base of lamina propria
fibrosis: 0—absent and 1—present
Hyperplasia of endocrine cells: 0—absent and 1—present

GHAS, Global histologic activity score.

The rectal cuff refers to the small segment of the distal rectal mucosa, typically 1.5—2 cm in length, between the sta-
pled IPAA anastomosis line and the anal transitional zone [34]. Cuffitis is defined as inflammation in this segment of
rectal mucosa on endoscopy and histopathology, with or without inflammation in the body of the ileal pouch [35,36].
Cuffitis has been considered a form of residual UC. Histologic features of cuffitis are similar to UC with active or acute
inflammation (i.e., neutrophil infiltration) and chronic changes (e.g., crypt distortion) [35]. To the best of our knowl-
edge the histologic scoring system has not been developed specifically for grading disease activity in the rectal cuff.
However, it is likely that histologic disease activity indexes used for UC may be applicable in grading inflammation in
the rectal cuff.

Histologic mucosal healing in ulcerative colitis and Crohn’s disease

Advances in the medical treatment of IBD in the past two decades have made sustained mucosal healing possible
[29,37—41]. As discussed in previous chapters, endoscopic mucosal healing is currently considered as the primary end-
point in many clinical trials as achieving endoscopic mucosal healing is associated with sustained clinical remission,
reduced hospitalization rate, and decreased colectomy [37—39,42,43]. A recent consensus paper by the Selecting
Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) program recommends both clinical and endoscopic
remissions as targets for routine clinical practice in patients with IBD [44]. This consensus paper acknowledges



230 Atlas of Endoscopy Imaging in Inflammatory Bowel Disease

histopathology as a sensitive measure of inflammation in UC. However, due to insufficient evidence of its clinical
utility in IBD patients, the achievement of histologic mucosal healing is not recommended as a therapeutic target for
IBD at this time, but it is considered as an adjunctive goal for clinical management of UC. As also discussed in this con-
sensus, a paradigm shift will be required when it is time to incorporate histopathology into routine patient management.

Currently, there is no widely accepted, standardized, definition of histologic healing for either UC or CD [6,8.,44]. The
term “healing” has been used interchangeably with the term “remission” in the literature, although they may not be synony-
mous [6,8]. In the various histopathology indexes discussed above, the definition of histologic remission ranges from persis-
tent architecture changes without inflammation to complete normalization of the mucosa [7,13,15,17—20,31,45]. The
general consensus of histologic remission is the lack of neutrophils in both epithelium and lamina propria [6,8]. The defini-
tion of histologic remission proposed by the International Organization for the Study of Inflammatory Bowel Disease
(IO0IBD) includes three components: (1) absence of neutrophils both in the crypts (epithelium) and lamina propria, (2)
absence of basal plasma cells and ideally normal amount of lamina propria plasma cells, and (3) a normal amount of lamina
propria eosinophils [6].

Histologic mucosal healing and endoscopic mucosal healing do not always correlate with each other. Many studies
have shown that endoscopically normal mucosa, that is, the Mayo endoscopy score [46] of 0, can have persistent micro-
scopic inflammation in UC [18,22,47—51]. Active inflammation (neutrophilic infiltration), chronic inflammation, and
basal plasmacytosis have been seen in up to 40%, 29%, and 48% of endoscopically normal mucosa in UC, respectively.
In addition, mild disease on endoscopy with a Mayo endoscopy score [46] of 1 (mild disease, erythema, and decreased
vascularity) can have microscopic erosions and ulcers in up to 14% of UC cases [48]. In CD the assessment of disease
activity using mucosal biopsies is limited due to the segmental and transmural nature of CD. However, observational
findings in resection specimens show that microscopic mucosal inflammation in the absence of deep inflammation is
common in CD, while deep inflammation without mucosal disease is rare [8]. These findings support the use of muco-
sal biopsies for the measurement of histologic disease activity in CD. Nevertheless, microscopic disease activity in CD
mucosal biopsies, including active inflammation, chronic inflammation, architecture changes, or granulomas, has been
reported in 25%—40% of endoscopically normal mucosa [45,52,53]. These results suggest that histopathology is more
sensitive than endoscopy at detecting disease activity or inflammation in both UC and CD.

Persistent microscopic disease activity has been shown to be associated with an increased risk for clinical relapse in
UC [15,22,47,49,50,54,55]. Multiple clinical studies have demonstrated that histologic mucosal healing/remission at
baseline is associated with significantly decreased risk of clinical relapse/exacerbation. Histologic mucosal healing at
baseline has also been shown to be superior to endoscopic mucosal healing and clinical remission in predicting clinical
outcomes, such as clinical relapse, corticosteroid use, and hospitalization [49,50]. In a metaanalysis of 15 studies con-
sisting of 1573 patients, histologic features associated with improved clinical outcomes include the absence of neutro-
phils in the epithelium or lamina propria and absence of increased eosinophils and chronic inflammatory cell infiltrates
[55]. A recent clinical study demonstrates that complete histologic normalization of the mucosa can be achieved in UC
and, when achieved, is a better predictor for relapse-free survival than either endoscopic mucosal healing or histologic
quiescent disease (i.e., histologic findings of architecture changes only without neutrophilic inflammation) [56].

Histologic disease activity is also linked to the development of colitis-associated dysplasia or colorectal carcinoma
in UC [57—59]. UC patients with persistent microscopic inflammation with neutrophilic inflammation in the epithelium
over a long period of time (up to 10 years) carry an increased risk in developing neoplasia, including low-grade, high-
grade, or colorectal carcinoma. The severity of inflammation over time has also been shown to be an independent risk
factor for the progression to high-grade dysplasia and/or carcinoma [58].

The prognostic value of histologic mucosal healing for clinical relapse or neoplasia in CD is much less studied com-
pared with that in UC [51,60]. The presence of active inflammation at baseline is shown to be predictive of subsequent
disease flares at 6, 12, and 24 months, while endoscopic remission at baseline is not [60]. In CD resection specimens,
inflammation of the submucosal plexus and lymphatic vessel density at resection margin are associated with clinical
outcomes and/or postoperative recurrence [61—65]. There is conflicting literature regarding the significance of histolo-
cally active disease and the presence of granulomas at the resection margin [8,61]. CD patients have an increased risk
in developing small intestinal and colorectal carcinoma [66,67] likely as a result of persistent mucosal inflammation.
However, the correlation between histologic disease activity in mucosa and risk of neoplasia in CD has not been
studied.

Lastly, the assessment of histologic mucosal healing in IBD is limited by the lack of a wildly accepted definition of
histologic mucosal healing and the lack of adequately validated, robust histopathology scoring systems. The definition
proposed by the IOIBD may be considered as a good starting point toward a unified definition. However, the precise
definition of basal plasmacytosis remains unclear and currently, basal plasmacytosis is not graded by most histologic
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scoring indexes. Data available in the literature regarding the association between eosinophils and histologic remission
are limited. Additional studies are needed to investigate the role of eosinophils in histologic remission. Further, clinical
studies should also be performed to explore the benefit of achieving histologic mucosal healing/remission in CD. The
application and assessment of histologic mucosal healing are further limited by the availability and quality of tissue
samples. The number of biopsies needed for an accurate measurement of histologic disease activity remains to be deter-
mined. Thus studies and validations are also required to optimize biopsy protocol and sampling.

Summary and recommendations

Histopathological examination of intestinal specimens, either biopsy or resection, remains an essential component of
patient care in IBD. Pathology practice in this field is advancing into achieving the ability to reliably and thoroughly
measure disease activity and predict the clinical outcome of IBD patients. In addition, there is a need for achieving a
uniformed definition of histologic mucosal healing, which indeed poses a great challenge to pathologists in an era when
they are face dilemmas of increased clinical demands in conjunction with decreased reimbursements.
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CD Crohn’s disease

ECF enterocutaneous fistula
ICA ileocolonic anastomosis
ICR ileocolonic resection

Introduction

Bowel resection and anastomosis, strictureplasty, and fecal diversion with ileostomy are common surgical treatment
modalities for Crohn’s disease (CD). Postoperative complications after any surgery for CD are common, ranging from
anastomotic stricture to anastomotic leak. The high risk for the surgery-associated complications may be related to
underlying disease process of CD, concurrent immunosuppressive medications, poor nutrition status, and mesenteric fat
[1,2]. In fact, the majority of complications are located at or around anastomosis. The focus of this chapter is long-term
complications after surgery. Endoscopic evaluation, along with abdominal imaging, plays an important role in the diag-
nosis and management of those complications.

Immediate postoperative complications, such as wound infection, ileus, pelvic abscess, or sepsis, are not discussed.

Postsurgical complications after restorative proctocolectomy and ileal pouch for ulcerative colitis are discussed in
Chapter 11, Ulcerative colitis: postsurgical.

Obstruction

Partial small bowel obstruction is common in CD patients who have undergone surgery. The obstruction is commonly
caused by intrinsic anastomotic stricture or extrinsic luminal angulation from adhesions or compression. Endoscopy
plays a key role in the identification, measurement, and treatment of anastomotic stricture. Endoscopy can be reliable in
characterizing end-to-end, end-to-side, and side-to-side anastomoses. In addition to detect luminal narrowing at the
anastomosis, endoscopy may also diagnose concurrent structural abnormalities in the anastomosis area (Fig. 16.1). The
anastomotic stricture can be treated with endoscopic balloon dilation (Fig. 16.2) [3] or endoscopic stricturotomy or
endoscopic strictureplasty with needle knife or insulated-tip knife (Fig. 16.3) [4]. Endoscopic treatment of anastomotic
stricture has been proven to be safe and effective. The response to endoscopic therapy is determined by multiple factors,
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FIGURE 16.1 Side-to-side ileo-
colonic anastomosis. (A and B) A
sharp demarcation dividing ileum
(green arrow) and colon, with
anastomosis highlighted in blue
arrow; (C) anastomotic stricture;
(D) inflammatory polyps just prox-
imal to the stricture.

FIGURE 16.2 Side-to-side ileo-
colonic anastomosis with stricture
in Crohn’s disease. (A) There are
two orifices viewed from the colon
side, one leading to the neo-
terminal ileum (green arrow) with
mild ulcerated stricture and another
leading to a bind end of transverse
staple line (yellow arrows). (B)
The blind end side; (C) anasto-
motic stricture with normal neo-
terminal ileum; (D) endoscopic
balloon dilation of the anastomotic
stricture.

such as degree and length of strictures, size of endoscopic balloon, current medical therapy, and consumption of
tobacco [5]. This author found that the poor response of anastomotic anastomosis to the endoscopic therapy in those
with concurrent anastomotic stricture and mucosal prolapse in the segment of bowel just proximal to the anastomosis
(Figs. 16.4 and 16.5). Sometimes, the anastomotic stricture may be covered by inflammatory polyps (Fig. 16.6).
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FIGURE 16.3 End-to-side ileo-
colonic anastomotic stricture in
Crohn’s disease. (A) Stricture was
covered by an inflammatory polyp
(green arrow); (B) endoscopic
stricturotomy with needle knife;
(C) electroincised stricture; (D)
placement of endoclips after stric-
turotomy to serve as spacers and to
prevent bleeding and perforation.
The combined endoscopic strictur-
otomy and placement of spacers is
also termed endoscopic
strictureplasty.

FIGURE 16.4 Refractory end-to-
side anastomotic  stricture in
Crohn’s disease. (A and B) The
stricture was dilated with through-
the-scope balloon; (C) the stricture
was further treated with insulated-
tip knife; (D) partial prolapse
(green arrow) of the ileum just
proximal to the strictured anasto-
mosis, which resulted in the
patient’s poor response to the
endoscopic therapy.

Therefore diagnostic and therapeutic endoscopy can be combined with other modalities, such as the use of soft-tip guide
wire. Endoscopic therapy has become a standard treatment modality in the treatment of anastomotic strictures. A sal-
vage plan for damage control of bleeding or perforation should be readily available and executed when endoscopic ther-
apy is performed (Fig. 16.7).
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FIGURE 16.5 Concurrent stric-
ture and prolapse at the anastomo-
sis in two patients with Crohn’s
disease. (A and B) Circumferential
mucosal prolapse blocking ileoco-
lonic anastomosis. An ulcerated
anastomotic stricture underneath
prolapse (B); (C and D) A separate
patient had a stricture at stapled
ileorectal anastomosis with a small
diverticulum nearby (green arrow).
A prolapse ileum mucosa (blue
arrow) intermittently blocked the
anastomosis, contributing to his
symptoms.

FIGURE 16.6 Sealed colorectal
stapled anastomosis in Crohn’s dis-
ease. (A) A short 1 cm tight stric-
ture was blocked by granular
tissue; (B and C) a soft-tip wire
being used to guide endoscopic
stricturotomy with an insulated-tip
knife; (D) status after the endo-
scopic therapy. A dislodged staple
was heighted by green arrow. In
the absence of mucosal inflamma-
tion at the adjacent bowels, the
stricture likely resulted from surgi-
cal ischemia.

While the most common anastomotic strictures are located at the junction between small bowel and colon or rectum,
strictures can occur in small-bowel-to-small-bowel anastomosis (Fig. 16.8), large-bowel-to-large-bowel anastomosis
(Fig. 16.9), and the strictureplasty site (Fig. 16.10). Surgical ischemia-associated stricture can also occur in the ileost-
omy site, at the fascia (Fig. 16.11). A stricture can also occur in the anus, distal rectum, or anastomosis close to the
anus, in patients with long-term fecal diversion (Fig. 16.12). Small-intestinal bacterial overgrowth is considered a
“norm” in patients with strictureplasty or prestenotic luminal dilation (Table 16.1).
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Acute and chronic sutures or staple line leaks

FIGURE 16.7 Stricture at the
ileocolonic end-to-end anastomosis
in Crohn’s disease. (A) Ulcerated
anastomotic stricture; (B) endo-
scopic balloon dilation of the stric-
ture; (C) an iatrogenic perforation
resulting from the balloon dilation
(green arrow); (D) the perforation
was sealed by the deployment of
multiple endoclips.

FIGURE 16.8 Strictures at ileoi-
leal hand-sewn anastomoses in
Crohn’s disease. (A and B)
Angulated stricture being treated
with endoscopic needle knife stric-
tureplasty with the placement of
endoclips to prolong the patency of
lumen and to prevent bleeding and
perforation; (C and D) nonulcer-
ated stricture being dilated with
endoscopic balloon.

Acute or chronic leaks at the anastomosis, staple line, or suture line are common in CD patients undergoing surgery.
Those leaks can cause wound infection, abscess, sepsis, sinus, and fistula. Both hand-sewn and stapled anastomosis or
suturing can be associated with anastomotic complications. While acute leaks with abscess or sepsis are mainly diag-
nosed with abdominal and pelvic imaging, chronic leaks with sinus or fistula can be detected with a combined assess-

ment of endoscopy and abdominal imaging (Table 16.1).
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FIGURE 16.9 Severe stricture at
colo-colonic anastomosis in
Crohn’s disease. (A) Pinhole stric-
ture at the anastomosis being
dilated with endoscopic balloon;
(B) mild colitis proximal to the
stricture; (C) the stricture is
highlighted with green arrow.

FIGURE 16.10 Strictures at jeju-
num strictureplasty in CD. (A)
Stricture at the inlet or outlet of
the strictureplasty site is common,
which may be associated to CD or
surgical ischemia (green arrow);
strictureplasties with dilated bowel
lumen shown in the operating
room (B) and on CT enterography
(C). CD, Crohn’s disease. Surgical
photo: Courtesy Dr. Victor Fazio.

Leaks at ileocolonic anastomosis and ileocolonic resection are most commonly studied. The leak can occur at the
anastomosis or at the transverse staple line. On abdominal imaging the leak can present with enterocutaneous fistula
(ECF) and intraabdominal abscess from transverse staple line leak. Anastomotic leak, however, rarely, leads to enter-
oenteric fistula (Figure 8.5). While acute and chronic anastomotic leaks and their septic sequelae have traditionally
been managed with interventional radiology or surgical intervention, endoscopy plays a growing role in the identifica-
tion of the source of leak and possible delivery of therapy (Fig. 16.13). Endoscopy, mainly colonoscopy, may be able to
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FIGURE 16.11 Stricture of the
distal ileum in a Crohn’s disease
patient with an ileostomy and stoma
site stricture. (A) Ileostomy; (B) a
tight ischemic stricture at the fas-
cia level, 10 cm from the stoma;
(C and D) the stricture was treated
with  endoscopic stricturotomy
with an insulated-tip knife.

FIGURE 16.12 Anal stricture
from long-term fecal diversion in
Crohn’s disease. (A) Severe anal
stricture that was not traversable to
gastroscope; (B) wire-guided endo-
scopic stricturotomy with
insulated-tip knife; (C) the treated
stricture; (D) endoscope  was
passed through the stricture, with a
view of the diverted colon.

identify the leak at the staple or suture line. In patients with ECF the administration of hydrogen peroxide or betadine
through the external opening at the skin or guide line side may help identify the internal opening at the bowel side
(Figs. 16.14 and 16.15). Endoscopic closure with through-the-scope clip or over-the-scope clips may be attempted for
suture or staple line leaks (Fig. 16.14) [5,6]. Other common locations of suture or staple line leak include one at the rec-
tum (i.e.Hartmann pouch) or colon stump in patients with ostomies (Fig. 16.15). Patients with ostomies are at particular
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TABLE 16.1 Postoperative complications in Crohn’s disease.

Category

Subcategory

Examples

Obstruction
Acute and chronic suture
or staple line leaks

Anastomotic bleeding

Stoma complications

Anastomotic stricture
Extrinsic obstruction
Abscess

Fistula

Sinus

Anastomosis ulcer bleeding

Anastomosis polyp bleeding

Friable anastomosis bleeding

Peristomal skin lesions

Stoma complications

Bowel complication proximal to the stoma

lleocolonic anastomosis stricture

By adhesion and mass lesions, such as abscess
Psoas muscle abscess from transverse staple

line leak after ileocolonic resection and anastomosis
Enterocutaneous fistula

Persistent perineal sinus

Peristomal pyoderma
Stoma prolapse or retraction
Parastomal hernia

0270512017
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FIGURE 16.13 Ileocolonic side-
to-side anastomosis in healthy and
diseased. (A) Side-to-side anasto-
mosis with a blind stump at trans-
verse staple line (green arrow) and
a lumen to the neo-terminal ileum
(blue arrow); (B) staple seen at the
transverse staple line; (C) a large
leak at the transverse staple line
(yellow arrow); (D) an abscess
associated with the leak (red
arrow).

risk for developing ECF, originating from a pinch of bowel by the fascia. Attention should be paid to the fascia level
when conducting ileoscopy or colonoscopy via stoma (Fig. 16.16).

Patients with CD undergoing completion proctectomy are at risk for the development of persistent perineal sinus
from anal stump leak, which has been difficult to treat [7]. Endoscopy or sinoscopy can easily detect the sinus cavity
(Fig. 16.17). Vacuum suction, muscle flap, and sinoscopic therapy have been described.

Anastomosis bleeding

Brisk bleeding at the anastomosis after the surgery is a rare complication of bowel resection [8,9]. Anastomotic bleed-
ing can also present with chronic iron-deficiency anemia. Colonoscopy or endoscopy may reveal active bleeding or stig-
mata of bleeding along the staple or suture lines. Bleeding can result from anastomosis ulcer, friable surface, or even
anastomosis polyps (Table 16.1). This author has used endoclips to control anastomosis bleeding (Figs. 16.18 and

16.19).
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FIGURE 16.14 Enterocutaneous
fistula from ileocolonic anastomo-
sis leak in Crohn’s disease. (A)
Fistula opening on the skin; (B)
the internal opening was identified
by the administration of betadine
through the external opening on
the skin; (C) anchor was placed
through endoscope with a cap for
the subsequent endoscopic therapy;
(D) deployment of over-the-scope
clip at the internal opening of the
fistula.

FIGURE 16.15 Stump leak at
Hartmann pouch in Crohn’s dis-
ease. (A) Diverting ileostomy; (B)
diverted rectum with erythema and
friable mucosa; (C and D) a large
defect at the staple line at the
stump, which was detected by a
guide wire.

Stoma complications

Tleostomy, and less often colostomy and jejunostomy, are performed in patients with CD. The ostomy can be temporary
or permanent; and with loop or end configuration. The ostomy procedure may be performed in a combination with
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FIGURE 16.16 Peri-colostomy
enterocutaneous fistula in Crohn’s
disease. (A) Fistula opening at the
edge of colostomy (green arrow);
(B) internal or primary opening of
the fistula at the fascia level of the
side of the distal colon, 5 cm from
the stoma (blue arrow); (C) normal
bowel lumen; (D) the enterocuta-
neous fistula (yellow arrow).

FIGURE 16.17 Persistent peri-
neal sinus after completion proc-
tectomy for Crohn’s disease. This
complication is common in
patients with underlying inflamma-
tory bowel disease, which poses
challenge for management. (A and
B) A large defect in the skin and
pelvis after the surgery; (C) surgi-
cal specimen of completion
proctectomy.

bowel resection or strictureplasty (Fig. 16.20). Stoma-related complications is classified based on the level of involve-
ment: skin, stoma, and bowel proximal to stoma (Table 16.1). Underlying disease, surgical technique, adhesives, and
topical pressure from appliances can all contribute to those complications. At the skin level, there can be peristomal
dermatitis, peristomal pressure ulcers, peristomal pyoderma gangrenosum, and ECF (Figs. 16.21 and 16.22). At the
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FIGURE 16.18 Bleeding at the
anastomosis in two patients with
Crohn’s disease. (A) Active bleed-
ing at the anastomosis near a dis-
lodged staple (green arrow); (B)
the bleeding spot was treated with
endoclip; (C) active bleeding with-
out obvious lesion at the anastomo-
sis in a separate patient; (D)
bleeding was controlled by endo-
clips X 3.

FIGURE 16.19 Bleeding at ileo-
colonic anastomosis in Crohn’s
disease. (A) Normal side-to-side
ileocolonic anastomosis; (B) dif-
fuse bleeding at the end-to-side
anastomosis; (C and D) diffuse
bleeding along the whole circum-
ferential anastomosis, with endo-
scopic clipping.

stoma level, there can be stoma ulcer or granularity, stoma stricture, stoma prolapse, and stoma retraction (Figs. 16.22
and 16.23). Bowel obstruction can result from local anatomical factors [especially the constriction from the fascia
(Fig. 16.20A and B) or parastomal hernia (Fig. 16.24)]. The obstruction can be detected by a careful endoscopic
examination [10].
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FIGURE 16.20 “Normal” anat-
omy of ileostomy with or without
strictureplasty. There was no active
Crohn’s disease. (A and B)
Extrinsic stricture from pinch of
the fascia (green arrows); (C and
D) strictureplasty close to ilest-
omy. Outlet of strictureplasty was
highlighted (blue arrows).

FIGURE 16.21 Peristomal cuta-
neous lesions in Crohn’s disease.
(A) Peristomal dermatitis with
multiple ulcers; (B and C) peristo-
mal pyoderma gangrenosum; (D)
peristoma fistula and abscess with
the placement of drainage catheter.
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FIGURE 16.22 Common compli-
cations at and around stoma. (A)
Granular tissue at the stoma; (B)
granular tissue with stomal stric-
ture; (C) peristomal dermatitis with
ulcers, resulting from pressure and
improper use of adhesives; (D)
healed peristomal ulcer after
hyperbaric oxygen therapy.

FIGURE 16.23 Common stoma
complications. (A) Retracted end
ileostomy with granular tissue in
the skin; (B) vertical stricture in an
ileostomy (green arrow); (C) pro-
lapsed end ileostomy; (D) pro-
lapsed loop ileostomy.
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FIGURE 16.24 Parastomal her-
nia. (A) Ileostomy; (B) large bulg-
ing area in right lower abdomen
next to the stoma; (C) a loop of
small bowel next to the stoma; (D)
hernia adjacent to the stoma (green
arrow).

Summary and recommendations

Postoperative complications in patients undergoing surgery for their CD are common. Endoscopic evaluation should be
routinely integrated into the diagnostic strategies. The endoscopist should be familiar with commonly performed surgi-
cal procedures in CD and the altered bowel anatomy. The majority of those postoperative complications may be reliably
identified and even treated with endoscopy.
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Abbreviations

CCE colon capsule endoscopy

CECDAI the Capsule Endoscopy Crohn’s Disease Activity Index

CTE computed tomographic enterography

GI gastrointestinal

IBD inflammatory bowel disease

MRE magnetic resonance enterography

SBC small bowel and colon

NSAID nonsteroidal antiinflammatory drug

SITT small bowel transit time

VCE video capsule endoscopy

ucC ulcerative colitis

Introduction

Video capsule endoscopy (VCE) was cleared for the diagnosis of small bowel disease, especially for obscure gastroin-
testinal (GI) bleeding, by the United States Food and Drug Administration in 2001. Various formats of VCE have been
developed, including conventional VCE of the small bowel or colon, and wide-angle panoramic, panenteric, and small
bowel and colon (SBC)—VCE [1]. With advances in imaging technology, the already highly sensitive VCE in the detec-
tion of small bowel disease still suffers from suboptimal specificity [2].

The parameters of various capsule endoscopies are compared in Table 17.1. VCE provides a noninvasive method to
visualize the small intestine via high-quality images in patients with a wide spectrum of disorders such as Crohn’s dis-
ease (CD), ulcerative colitis (UC), ileal pouch disorders, obscure GI bleeding, polyposis syndromes, celiac disease,
small bowel tumors, and other inflammatory disorders.

Atlas of Endoscopy Imaging in Infl 'y Bowel Disease. DOI: https://doi.org/10.1016/B978-0-12-814811-2.00017-7
© 2020 Elsevier Inc. All rights reserved. 249
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Crohn’s disease

CD is a chronic inflammatory disease that can involve the entire GI tract, from the mouth to the anus. Small bowel
involvement occurs in more than 50% of patients with CD. According to the current guidelines [3], VCE has been
recommended as an adjunct endoscopic modality. VCE is indicated for suspected, known, or relapsed CD when ileoco-
lonoscopy and imaging studies are not feasible or conclusive. In addition to diagnosis and differential diagnosis, VCE
can also be used in monitoring disease activity and response to treatment as well as evaluating postoperative recurrence
of CD [3]. VCE can reliably assess mucosal healing (Fig. 17.1).

Routine small bowel imaging or the use of the patency capsule prior to capsule endoscopy is not recommended in patients
with CD [3]. However, in patients with obstructive symptoms or known stenoses, dedicated small bowel cross-sectional imag-
ing modalities such as magnetic resonance enterography (MRE) or computed tomography enterography (CTE) should be per-
formed first. Capsule endoscopy is normally not recommended in patients with chronic abdominal pain or diarrhea.

TABLE 17.1 Capsule endoscopes: small bowel, colon, and patency capsule.

Manufacturer Size (mm) Field of Image Battery Data
view capture life (h) transmission
(degrees)

PillCam SB Given Imaging, 11.4X26.3 156 2—6 fps 12 RF

Yoqgneam, Israel
Endocapsule Olympus Medical 1.0X26.0 145 2 fps 8 RF
MAJ-1469 Systems, Tokyo, Japan
OMOM Jinshan Science and 13.4%X17.9 140 2 fps 8 RF

Technology, Chongging,

China
MiroCam IntroMedic, Seoul, Korea 10.8 X24.5 170 3 fps 12 EFP
CapsoCam Capsovision Saratoga, 11 X 31 360 20 fps 15 Capsule retrieved
SV1 United States then USB

download
PillCam Given Imaging, 11X 26 n/a n/a n/a n/a
Patency Yoqgneam, Israel
PillCam Given Imaging, 11X 32 172 6 fpm, 10 n/a
Colon Yoqgneam, Israel stomach;
4-35 fps, SB

AKE-1 Ankon Technologies 11.8X27.0 140 2 fps 8 RF

EFP, Electrical field propagation; fps, frames per second; fom, frames per minute; RF, radiofrequency; SB, small bowel; USB, universal serial bus.

FIGURE 17.1 Documentation of mucosal healing in Crohn’s disease after therapy with infliximab. (A) Ulcerated and nodular small bowel mucosa
before the medical treatment and (B) resolution of mucosal inflammation (i.e., mucosal healing) with the formation of pseudopolyps after therapy
(blue arrows).
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The common features of CD on VCE include edema, hyperemia, bleeding, exudates, aphthae, erosions, small
(=0.5 cm) and large (> 0.5 cm) ulcers, denuded mucosa, and pseudopolyps. The shape of ulcers can be round, linear,
circumferential, or stellate (Figs. 17.2 and 17.3). VCE may also detect the primary (i.e., disease associated) or second-
ary (e.g., anastomotic or drug induced) strictures (Fig. 17.4). The disease can be patchy, segmental, or diffuse. Two
scoring systems are used to assess the activity of small intestine mucos, based on the type, location, and severity of

FIGURE 17.2 Patterns of small bowel Crohn’s disease on capsule endoscopy. (A) Normal small bowel mucosa as a reference; (B) edema with the

villous width is equal to or greater than the villous height; (C) erythema; (D) aphthous ulcer; (E) stellate ulcer with bleeding; and (F) large, clean-
based ulcer with exudates.

FIGURE 17.3 Patterns of small bowel inflammation in Crohn’s disease on video capsule endoscopy. (A) Mild mucosal edema; (B) patchy erythema
with granularity of mucosa; (C) mixed edema and ulceration (black arrow); and (D—F) longitudinal ulcers with exudates (arrows).
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FIGURE 17.4 Patterns of small bowel strictures in IBD on video capsule endoscopy. (A) Nodular mucosa blocking the lumen of bowel; (B) ulcer-
ated stricture with proximal bowel edema; (C) nonulcerated fibrotic stricture; (D) anastomotic stricture with staples; (E) ulcerated stricture with exu-
dates; and (F) retained capsule in the distal ileum viewed with ileocolonoscopy. IBD, Inflammatory bowel disease.

TABLE 17.2 Capsule endoscopy Crohn’s disease activity index [4] worksheet.”

Proximal Distal
Score
A Inflammation None 0
Mild-to-moderate edema/hyperemia/denudation 1
Severe edema/hyperemia/denudation 2
Bleeding, exudate, aphthae, erosion, small ulcer (=0.5 cm) 3
Moderate ulcer (0.5—2 cm), pseudopolyp 4
Large ulcer (>2 cm) 5
B Extent of disease None 0
Focal disease (single segment) 1
Patchy disease (multiple segments) 2
Diffuse disease 3
C Stricture” None 0
Single passed 1
Multiple passed 2
Obstruction 3

“Total score = [(A X B) + Clpoximar + [(A X B) + Clajstar-
bNarrowing.

small bowel lesions: the Lewis score and the Capsule Endoscopy Crohn’s Disease Activity Index (CECDAI). These
scoring systems facilitate the assessment of the course of small bowel CD and response to medical therapy. It should be
noted that these scoring systems can quantitatively describe the type, distribution, and severity of mucosal lesions, but



TABLE 17.3 Parameters and weightings for the capsule endoscopy scoring index (the Lewis score) [5].

Capsule endoscopy in inflammatory bowel disease Chapter | 17 253

Parameters Number Longitudinal extent Descriptors
First tertile Villous appearance Normal—0 Short segment—38 Single—T1
Edematous—T Long segment—12 Patchy—14
While tertile—20 Diffuse—17
Ulcer None—0 Short segment—5 <1/4—9
Single—3 Long segment—10 1/4—1/2—12
Few—5 Whole tertile—15 >1/2—18
Multiple—10
Second tertile Villous appearance Normal—O0 Short segment—8 Single—1
Edematous—T Long segment—12 Patchy—14
While tertile—20 Diffuse—17
Ulcer None—0 Short segment—5 <1/4—9
Single—3 Long segment—10 1/4=1/2—12
Few—5 Whole tertile—15 >1/2—18
Multiple—10
Third tertile Villous appearance Normal—0 Short segment—38 Single—1
Edematous—T Long segment—12 Patchy—14
While tertile—20 Diffuse—17
Ulcer None—0 Short segment—5 <1/4—9
Single—3 Long segment—10 1/4—1/2—12
Few—5 Whole tertile—15 >1/2—18
Multiple—10
Stenosis® None—0 Ulcerated—24 Traversed—7
Single—14 Nonulcerated—2 Nontraversed—10
Multiple—20

Lewis score = score of the worst affected tertile [(villous parameter X extent X descriptor) + (ulcer number X extent X size)] + stenosis score

(number X ulcerated X traversed).

Longitudinal extent: Short segment: <10% of the tertile; long segment: 11%—50% of the tertile; whole tertile: >50% of the tertile.
Ulcer number: single: 1; few: 2—7; multiple: = 8.

Ulcer descriptor (size) is determined by how much of the capsule picture is filled by the largest ulcer.

“Rated for the whole study.

they cannot be used as initial diagnostic tools. The CECDALI is the sum of the respective scores for the proximal and
distal segments of the small bowel in which the segments are defined by the small bowel transit time (SITT) of the cap-
sule. The total score of each segment, proximal or distal, is the sum of the stricture score and the product of the scores
for inflammation and extent of disease for that bowel segment. Thus the CECDAI score is based on the inflammation,
extent of disease, and presence of strictures of the proximal or distal segments of the small bowel (Table 17.2) [4].

In 2008 a capsule endoscopy scoring index, also named as the Lewis score, was proposed by Gralnek et al. [5]. The
Lewis score is a cumulative scoring system that is based on the presence and distribution of villous edema, ulceration,
and stenosis [5]. A score <135 is defined as normal or clinically insignificant mucosal inflammatory change. A score
between 135 and 790 is mild, and a score =790 is moderate to severe (Table 17.3) [5].

It is difficult for VCE to differentiate CD from nonspecific small lesions or other diseases such as lymphoma,
ischemic bowel, small bowel tuberculosis, or drug-induced enteropathy, nonsteroidal antiinflammatory drugs
(NSAIDs) in particular (Fig. 17.5). NSAIDs should be discontinued at least 4 weeks prior to small bowel capsule
endoscopy in the setting of suspected CD. As a screening tool for CD, capsule endoscopy has high sensitivity and
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FIGURE 17.5 Small bowel lesions mimicking inflammatory bowel disease. (A) Lymphoma with irregular and bleeding ulcers with exudates
(blue arrows); (B) lymphoma with multiple small and punched-out ulcers (blue arrows); (C and D) Henoch—Schonlein purpura with mucosal nodular-
ity and spontaneous bleeding; and (E and F) nonsteroidal antiinflammatory drug-induced enteropathy with ulcerated diaphragm-like strictures in the

small bowel.

14 Feb 05

Given®

FIGURE 17.6 Capsule endos-
copy in UC with or without
restorative proctocolectomy. (A
and B) Normal small bowel (A)
and active colitis with erythema,
loss of vascularity, erosions, and
exudates (B); (C) loss of vascu-
lar pattern and exudates in a
patient with UC and a pelvic
ileal pouch; and (D) trapped
capsule endoscope in a patient
with UC and a Kock pouch. UC,
Ulcerative colitis.

low specificity but is not recommended for determining the initial diagnosis [6]. Rather, the initial diagnosis should
be based on clinical features, serum parameters, imaging conventional endoscopy, histology, and sometimes response
to medical therapy. Endoscopic mucosal healing has been established as an important target for the treatment of CD
as well as UC. In addition to conventional ileocolonoscopy, VCE has been shown to be effective for the measurement

with mucosal healing [7,8].
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Ulcerative colitis

Colon capsule endoscopy (CCE) and SBC—VCE have been used to evaluate the disease activity in UC. The accuracy
of CCE for the assessment of mucosal inflammation in UC seems to be comparable with that of conventional colo-
noscopy. CCE was better tolerated than the latter [9]. Preoperative assessment of small bowel inflammation with
VCE in UC undergoing restorative proctocolectomy and ileal pouch-anal anastomosis has been performed for the
prediction of postoperative risk for CD of the pouch, although the value of VCE in this setting is controversial
(Fig. 17.6A and B) [10]. There are still no sufficient data to support the use of small bowel VCE or CCE in the diagnosis
or surveillance of patients with UC. Nonetheless, CCE is a safe procedure to monitor mucosal healing in UC.

Despite its less invasiveness, CCE has inherited limitations, such as the lack of ability to obtain tissue samples and
therapeutic intervention.

lleal pouch disorders

Restorative proctocolectomy with ileal pouch has become the surgical treatment of choice for UC patients who require
colectomy. Various adverse structural, inflammatory, neoplastic, or metabolic sequelae often occur following this recon-
structive surgical procedure. Pouchitis, CD of the pouch, and iron deficiency anemia are common complications of
pouch surgery, and VCE has been used in clinical trials of pouchitis [11,12]. VCE in combination with conventional
esophagogastroduodenoscopy and pouchoscopy has been used for the evaluation of small bowel CD and anemia in
patients with ileal pouches [13]. Conventional pouchoscopy with capability of tissue biopsy and therapeutic intervention
is preferred. In patients with continent ileostomies undergoing VCE, such as Kock pouches, endoscopic retrieval of the
capsule via the nipple valve is needed (Fig. 17.6C and D).

Assessment of small bowel motility in inflammatory bowel disease

VCE has been used to measure SITT in CD and UC patients. For example, SITT was found to be longer in UC patients
than non-IBD patients, and SITT was longer in patients with active CD than those with quiescent CD [14].

FIGURE 17.7 Capsule reten-
tion. (A and B) Stricture at the
small bowel and retained capsule
endoscope, viewed on entero-
scopy; (C) retention and retrieval
of capsule in Kock pouch with an
endoscopic net device; and (D)
retrieval of capsule endoscope
with surgical operation. (C and
D) Courtesy Shen B, editor.
Interventional  inflammatory
bowel disease. Cambridge, MA:
Elsevier; 2018. p. 33 and Photo
courtesy: Dr. Feza Remzi.
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Capsule retention

The most important concern of VCE is the risk of capsule retention. This is particularly true in patients with stricturing
CD or those with surgery. The International Conference on Capsule Endoscopy working group defined capsule retention
as the persistence of the capsule in the digestive tract for more than 2 weeks, necessitating medical, endoscopic, or surgi-
cal intervention (Fig. 17.7) [15]. The risk of capsule retention in patients with suspected CD without obstructive symptoms
and without history of small bowel resection or known stenosis is low and comparable to that of obscure GI bleeding
[16]. The retention rate ranges from 0.75% to 1.0%. However, Cheifetz et al. [17] reported a retention rate of 13% in
patients with established CD. Capsule retention can be managed conservatively, such as potent medical therapy for the
component of inflammation. The retained capsule may be retrieved by device-assisted enteroscopy or surgery (Fig. 17.7).

Summary and recommendation

VCE is recommended for suspected inflammatory CD in patients with negative ileocolonoscopy and imaging findings.
It is also a promising tool for monitoring disease activity, response to treatment, and postoperative disease recurrence.
The Lewis score and the CECDALI are standardized scoring systems for assessing the disease and the response to medi-
cal therapy. Capsule retention is the main risk of capsule endoscopy. Imaging examinations such as CTE and MRE
should be performed first if patients present with obstructive symptoms or known stenosis.
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Abbreviations

CD Crohn’s disease

CMUSE cryptogenic multifocal ulcerous stenosing enteritis
BD Behcet’s disease

IBD inflammatory bowel disease

ITB intestinal tuberculosis

MALT mucosa-associated lymphoid tissue

NSAID nonsteroidal antiinflammatory drug

UC ulcerative colitis

Introduction

The small bowel, as the midsection of the gastrointestinal tract between the stomach and colon, is 5—7 m long and
divided into the duodenum, jejunum, and ileum. The enteroscopy, which can not only make repeated observation but
also take biopsy, is the most accurate visual modality for the detection of the pathology of the entire small bowel, espe-
cially the jejunum and ileum. Device-assisted enteroscopy can assess the segment of bowel beyond the conventional
ileocolonoscopy or push enteroscopy. The enteroscopic appearance of the normal jejunum and ileum is yellow-orange
tubular structure that is ringed by circular Kerckring folds and covered with finger-like villi [1]. In addition, small veins
and arteries, occasionally larger vessels, can be visualized (i.e., vascular pattern) in the submucosa of the normal jeju-
num and ileum. Some variants also appear in the small bowel, such as lymph follicles, which are sporadically distrib-
uted in the small bowel and most concentrated in the terminal ileum, especially in children [1]. There is no sharp
demarcation of anatomical structure between the jejunum and ileum. However, the ileum has sparser Kerckring folds,
sparser and slightly shorter villi as well as more obvious vessels when than that in the jejunum (Fig. 18.1).

In patients with inflammatory bowel disease (IBD), the small bowel involvement is indicative of more aggressive
disease with poor prognosis. Small bowel disease is mainly seen in Crohn’s disease (CD) and rare in ulcerative colitis
(UC) in a form backwash ileitis [2]. For patients suspected of IBD, enteroscopy plays an important role in diagnosis,
differential diagnosis, disease monitoring, assessment of treatment response, and even endoscopic treatment. On the
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FIGURE 18.1 Normal small
bowel: (A) normal duodenum and
papilla (green arrow) with promi-
nent Kerckring folds; (B) normal
jejunum characterized by yellow-
orange tubular shape, ringed by
Kerckring folds and finger-like
villi; (C) normal ileum with sparser
Kerckring folds as well as sparser
and shorter than the jejunum; and
(D) lymphoid follicles sporadically
distributed in the entire small
bowel, have their highest concen-
trations in the terminal ileum (blue
arrow).

other hand, performance of deep enteroscopy or device-assisted enteroscopy requires special equipment and technical
skills. In patients with a prior history of bowel surgery, particularly strictureplasty and intestinal bypass surgery, entero-
scopy can be challenging, due to altered bowel anatomy.

Crohn’s diseases

The enteroscopic appearance of the small bowel lesions of CD has various features. At early stages of disease, aphthous
ulcers arise in the involved small bowel segments. With disease progressing, multiple larger and irregular ulcers
develop and present with longitudinal arrays, and then merge together to form the classic longitudinal ulcers (also called
fissuring ulcers) of CD. The linear or longitudinal ulcers are often prominent along the mesenteric edge. The ulcers of
CD are almost always segmentally distributed. Aphthous ulcers, longitudinally arranged ulcers, and fissuring ulcers can
be observed during enteroscopy. In patients with CD the characteristic cobblestone appearance in the small bowel is
less common than that in the colon (Fig. 18.2). In addition, long-standing inflammation of CD often result in stricture
formation of the small bowel, which is called disease-associated or primary stricture (Fig. 18.3). Strictures can also
develop at the surgical anastomosis or strictureplasty sites, which are called secondary strictures. The strictures can be
short or long with a cutoff of 4-5 cm, inflammatory versus fibrotic versus mixed. Sometimes, those strictures can
prevent the passage of enteroscope. Moreover, the primary fistulae can develop after long-standing inflammatory and
stricturing disease. In addition, fistulae can develop at the surgical anastomosis or strictureplasty site, in the form of
entero-enteric fistula or enterocutaneous fistula (Fig. 18.4). The opening of the fistula may occasionally be identified
with a careful enteroscopy. Concurrent strictures are often present distally to the fistula opening.

In addition to diagnosis and differential diagnosis, enteroscopy can also be combined with endoscopic therapy, such
as balloon dilation or electroincision for small bowel stricture [3]. It is recommended that preprocedural cross-sectional
imaging be obtained before enteroscopy to roadmap extent, degree, and phenotypes of small bowel CD.

Ulcerative colitis

UC has diffused and continuous inflammation that only involves the mucosa. Lesions of UC are almost always limited to
the colon, but the distal ileum involvement (backwash ileitis) is also observed in about 20% patients with pancolitis [4].
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FIGURE 18.2 Patterns of ulcers
in small bowel Crohn’s disease on
single-balloon enteroscopy: (A)
multiple aphthous ulcers in the
proximal jejunum; (B) multiple
irregular ulcers arranged in the
axis of ileum before merging into
the typical longitudinal ulcers; (C)
classic longitudinal ulcer along the
mesentery edge in the ileum; and
(D) multiple longitudinal ulcers in
the terminal ileum.

FIGURE 18.3 Patterns of stric-
tures in small bowel Crohn’s dis-
ease on enteroscopy: (A) mild
jejunal  stricture with proximal
luminal dilation; (B) a distal ileum
stricture  with an adjacent large
ulcer; (C) a tight, nonulcerated
stricture resulting from long-term
use of antitumor necrosis factor
agent; and (D) ulcerated stricture
at the outlet of strictureplasty site.
Performing balloon-assisted
enteroscopy in patients with stric-
tureplasty has been technically
difficult.

It should be noted that UC with the distal ileum involvement needs to be differentiated from CD [3]. In this setting, deep
enteroscopy as well as ileocolonoscopy can be helpful [5]. The small bowel involvement of UC ausually manifests as dif-
fuse and continuous lesions, and small shallow ulcers also appear occasionally (Fig. 18.5B). Strictures are rare in the small

bowel of patients with UC and the cobblestoning of the distal ileum or fistula is hardly seen.
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Non—inflammatory bowel disease small bowel disorders

FIGURE 18.4 Patterns of fistula
in small bowel CD on enteroscopy:
(A) the opening of the fistula in
the distal ileum of a patient with
CD; (B) primary orifice at the dis-
tal ileum (blue arrow) of ileosig-
moid fistula with current luminal
stricture (green arrow); (C) pri-
mary orifice of enterocutaneous
fistula resulting from ileocolonic
anastomosis leak; and (D) primary
orifice of enterocutaneous fistula
from nonhealed jejunostomy for
CD. Attempt was made to close
the orifice with endoclips. CD,
Crohn’s disease.

FIGURE 18.5 Disorders with
small bowel ulcers: (A) multiple
small shallow ulcers with friable
mucosa in the distal ileum result-
ing from NSAID use; (B) diffuse
and continuous ileitis (backwash
ileitis) with edema, erythema, and
small ulcer in ulcerative colitis;
(C) giant geographic ulcer with
well-defined margin in the junction
of the jejunum and ileum resulting
from ischemia; and (D) multiple
erosions and linear ulcers of jeju-
num in eosinophilic enteritis.
NSAID, nonsteroidal antiinflamma-
tory drug.

Not all small bowel ulcers or strictures are CD. Small bowel CD should be differentiated mainly from intestinal tuber-
culosis (ITB), intestinal Behcet’s disease (BD), small bowel lymphoma, and nonsteroidal antiinflammatory drug
(NSAID)-associated enteropathy (Table 18.1). The differential diagnosis should be put in clinical context.



TABLE 18.1 The characteristics and differential diagnosis of enteroscopic appearance in inflammatory bowel disease (IBD) and IBD-like diseases.

Crohn’s disease Intestinal tuberculosis Intestinal NSAIDs- UC (backwash ileitis) Small bowel
Behcet'’s associated lymphoma
disease enteropathy
Ulcer Aphtha Common Less common Less common Common Less common Less
common
Typical shape Longitudinal Transverse Round Circular or irregular Irregular No
Number Multiple Multiple Single or Multiple Multiple Single or
multiple multiple
Margin Relatively clear Rodent like Discrete Relatively clear Indiscrete Uncertain
Distribution Segmentally distributed; Segmentally distributed; Focally Usually dispersedly Diffusedly and More limited
involve more than four involve fewer than four distributed distributed continuously
segments segments mostly distributed
Cobblestone Less common Rare Rare No No No
appearance
Fistula Less common No Less common No No No
Stricture Common Common; circular stricture Less common Less common; Rare Common

diaphragm-like
stenosis

NSAID, Nonsteroidal antiinflammatory drugs; UC, ulcerative colitis.
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The ileocecal area as well as the distal small bowel are the predilection sites for ITB. Like CD, the lesions of ITB
are also segmentally distributed but theyusually involve fewer segments. Nodular tubercles are formed first, when the
Mycobacterium tuberculosis invades the intestinal lymphoid tissue Subsequently tubercles spontaneously become ulcer-
ated and expand along the circular lymph vessels to form the classic transverse or circumferential ulcers with rodent-
like margins [6,7]. Circular scars or strictures in the small bowel can also form secondary to fibrosis induced by ulcers
healing and tissue remodelling. Since ITB is an infective disease, ulcers in ITB almost exclusively have a necrotic base
on endoscopy (Fig. 18.6). Classic histologic features of CD and ITB are also different. For example, granulomas in CD
are sparse, small, and noncaseating, while granulomas in ITB are featured with diffuse, large, and central necrosis
(Fig. 18.7) [8].

Lesions in intestinal BD almost always appear in the small bowel or ileocecal area, especially the terminal ileum.
The distribution of lesions in intestinal BD can be focally single, focally multiple, segmental, or diffuse. Intestinal BD
usually manifests as single or multiple large deep round ulcers with a discrete margin and even base (also called
punched out ulcers) (Fig. 18.8).

Small bowel lymphoma can be present with ulcers, masses, or diffuse nodularity. Ulcers of small bowel lymphoma
have various untypical appearances on enteroscopy. The ulcers are usually large but can be single or multiple, deep or
shallow, round or irregular. The adjacent mucosa normally shows no or minimum inflammation. Multiple-piece biopsy,
deep biopsy, and immunohistochemistry are helpful for the diagnosis of small bowel lymphoma [9,10]. In some cases,
repeated biopsy is required (Fig. 18.9). Enteroscopy has also been used to monitor the response to therapy.

The lesions of NSAID-associated enteropathy arise mainly in the stomach, duodenum, or distal small bowel and are
always present with multiple small lesions, which include erosions, red spots, and circular or irregular ulcers.
Diaphragm-like stenosis is a representative enteroscopic feature of NSAID-associated enteropathy. Furthermore, dis-
eases of small bowel that should be differentiated from IBD also include eosinophilic enteritis, infectious enteropathy,

FIGURE 18.6 Enteroscopic fea-
tures of intestinal tuberculosis: (A)
circular ulcer surrounded by edem-
atous mucosa and luminal stenosis
in the junction between the jeju-
num and ileum and (B) small irreg-
ular ulcers and nodular tubercles in
the terminal ileum.

- yok b SR L

FIGURE 18.7 Histologic features of small bowel CD and ITB: (A) biopsy of aphthous ulcer of the in CD showing distorted small bowel glands
between the relatively normal glands and infiltration of mononuclear ulcers in the lamina propria. Noncaseating granulomas are not common in small
bowel biopsy and (B) large caseating granulomas characteristic of ITB are only present in less than 30% cases. The biopsy in this particular was taken
from nodular tubercles in Fig. 18.5B. CD, Crohn’s disease; ITB, intestinal tuberculosis.
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FIGURE 18.8 Intestinal Behcet’s
disease: (A) deep discrete round
ulcers in the terminal ileum; (B and
C) multiple deep ulcers with adja-
cent erythematous mucosa and fis-
tula (green arrow) in the terminal
ileum; and (D) deep, large, and
sharp demarcated ulcer in the ileo-
cecal valve.

FIGURE 18.9 Intestinal lym-
phoma: (A) irregular and circum-
ferential ulceration around severe
stricture in the jejunum from
MALT lymphoma; (B) irregular
ulcers and granular change of
mucosa of distal ileum from
MALT lymphoma; (C) clean-
based, punched out, deep ulcer in
the proximal jejunum from diffuse
large B-cell lymphoma; and (D)
large, linear, clean-based, and well
demarcated ulcer in the duodenum
from NK cell lymphoma. MALT,
mucosa-associated lymphoid
tissue.

(C)
X
%

-
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ischemic enteropathy, and so on (Fig. 18.5A, C, and D). Cryptogenic multifocal ulcerous stenosing enteritis (CMUSE)
is characterized by the presence of multiple circumferential ring-like strictures in the small bowel (Fig. 18.10) [11].

Remarkably, small bowel lesions of IBD do not always present with typical enteroscopic appearance, which makes
the diagnosis and differential diagnosis of IBD and IBD-like conditions challenged. Moreover, the diagnostic yield in
histopathology of these diseases is low [6]. The final diagnosis is based on a combined assessment of clinical manifesta-
tions, laboratory testing, abdominal imaging, endoscopic findings, histopathology of biopsies or surgical specimen, and
response to therapy.
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FIGURE 18.10 CMUSE: (A and B) multiple thin-walled, circular ulcerated strictures in the small bowel and (C) surgical resection specimen
showing multiple ring-like strictures. CMUSE, Cryptogenic multifocal ulcerous stenosing enteritis.

Summary and recommendations

As the small bowel is the frequently involved region and even the only involved area in IBD and IBD-like diseases,
deep enteroscopy can be safely and effectively performed in patients suspected of these conditions. The endoscopist
should be well acquainted with the enteroscopic characteristics of IBD and IBD-like diseases. The enteroscopic features
of IBD and IBD-like conditions are listed in Table 18.1. An accurate diagnosis always depends on a combination of
various aspects, especially enteroscopic and histopathological findings.
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Abbreviations

AFI autofluorescence imaging

BLI blue-light imaging

CAN colitis-associated neoplasia

CDh Crohn’s disease

CDEIS Crohn’s Disease Endoscopic Index of Severity

CI confidence interval

CRC colorectal cancer

DCE dye chromoendoscopy

CLE confocal laser endomicroscopy

FACILE the Frankfurt Advanced Chromoendoscopic IBD LEsions

FICE flexible spectral imaging color enhancement

HD high definition

GI gastrointestinal

IBD inflammatory bowel disease

IEE image-enhanced endoscopy

IPAA ileal pouch-anal anastomosis

ME magnification endoscopy

MES the Mayo Endoscopic Score

NBI narrow-band imaging

NICE the Narrow-band Imaging International Colorectal Endoscopic (classification)

OCT optical coherence tomography

OR odds ratio
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PICaSSO the Paddington International Virtual Chromoendoscopy

PSC primary sclerosing cholangitis

SCENIC the Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients
SD standard definition

uC ulcerative colitis

WLE white-light endoscopy

Introduction

Endoscopy plays a key role in the diagnosis, differential diagnosis, assessment of response to treatment, and surveil-
lance of colitis-associated neoplasia (CAN). Endoscopy is the most reliable and commonly used modality for the mea-
surement of disease activity. Mucosal healing (MH) has become a treatment goal. MH has been mainly defined with
conventional white-light endoscopy (WLE). Therefore the terminology of MH and endoscopic healing has been used
interchangeably. The availability of various image-enhanced endoscopy (IEE) technologies may further define MH, one
step closer to histology level.

Colorectal cancer (CRC) is one of the leading causes of mortality worldwide with more than 1.8 million new cases
diagnosed annually [1]. In the United States, CRC is the second leading cause of cancer death among men and women
[2]. Patients with ulcerative colitis (UC) or Crohn’s disease (CD) of the colon are at twofold higher risk of the develop-
ment of CRC than the general population [3.4]. Cancer in patients with UC occurs at a younger age and the incidence
increases with time, approaching 18% after 30 years of disease [5,6]. Apart from disease duration, other risk factors for
CAN include younger age at diagnosis, increased inflammatory activity, greater extent of chronic inflammation, coex-
isting primary sclerosing cholangitis (PSC), and a family history of a first-degree relative with CRC [7]. Patients with
left-sided or extensive UC and those with CD involving at least one-third of the colon or more than one segment of the
colon are the target population for the surveillance program [7]. Colonoscopy plays key role in surveillance of CAN
[8]. Guidelines recommend colonoscopy surveillance for CAN 8—10 years after disease diagnosis and continued sur-
veillance every 1—3 years thereafter and the surveillance of UC patients at the time of diagnosis of PSC [4,6].

In the prior era of standard-definition (SD) or high-definition (HD) endoscopy, the practice pattern of endoscopic
surveillance of dysplasia in patients with UC or CD of the colon used to be random biopsies in four quadrants every
10 cm of throughout the colon and targeted biopsies of any aberrant, raised or strictured areas with a total of at least
32—33 samples. The random biopsy technique is expensive, time-consuming, and invasive [5,6]. Even with the exten-
sive biopsies, less than 0.1% of the surface area of the colon is surveyed and the detection rate has been low (<2 per
1000 biopsies taken). The multiple random biopsies may still miss dysplastic lesions [4—6,8].

Over the past decade, endoscopic technology has evolved to improve the surveillance of dysplasia in long-standing
IBD. HD-WLE provides images with a resolution of more than 1 million pixels, in comparison to SD-WLE with a reso-
lution of 100,000—400,000 pixels. HD-WLE has been instrumental in identifying polyps (especially sessile polyps) that
may have been missed by SD-WLE [9]. However, even HD endoscopy is not able to characterize mucosal structure at
microscopic level. Efforts, therefore, are being made to develop modalities to guide or even replace standard tissue
biopsy. The terminology of optical biopsy has been used [10].

Corresponding to the evolution from SD and HD endoscopy to magnification endoscopy (ME), other imaging tech-
niques have been developed. Various forms of IEE have been developed to characterize mucosal and submucosal fea-
tures. IEE enhances surface, tone, and contrast. The modalities include ME, dye chromoendoscopy (DCE), dye-less
narrow-band imaging (NBI), blue-light imaging (BLI), confocal laser endomicroscopy (CLE) [5], endocytoscopy, and
optical coherence tomography (OCT). Applications of CLE, OCT, and ME in inflammatory bowel disease (IBD) are
detailed in Chapter 20, Confocal endomicroscopy and other image-enhanced endoscopy in inflammatory bowel disease.
The enhanced quality of endoscopic imaging provides better tools to characterize disease activity and CAN. Currently
main applications of IEE are the assessment of disease activity and response to treatment, and characterization of CAN.

Disease scoring systems

A variety of instruments have been developed for the measurement of disease activity in CD and UC, for example, the
Crohn’s Disease Endoscopic Index of Severity (CDEIS) and the Mayo Endoscopic Score (MES). These disease instru-
ments are detailed in Chapter 14, Endoscopic scores in inflammatory bowel disease. These scoring systems were devel-
oped based on WLE. Due to the limitation of WLE, currently available disease activity instruments characterize edema,
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erythema, vascular pattern, bleeding, erosions, and ulcers. None of these instruments included the specific endoscopic
features for the definition of MH.

With IEE, attempts have been made to further characterize mucosal (such as scars and drop out of crypts) and super-
ficial vascular structure in IBD, particularly in UC. For example, the Paddington International Virtual
Chromoendoscopy (PICaSSO) was proposed to quantify the disease activity in UC [11,12]. The PICaSSO Classification
consists of two categories, mucosal architecture (including erosions, crypt abscess, and erosions) and vascular architec-
ture (including vessel dilation and bleeding), accounting extent and distribution of the abnormalities (Figs. 19.1 and
19.2; Table 19.1). The development of IEE-based disease activity scores may help further define MH, endoscopic
remission or deep remission.

The main application of IEE has been the surveillance of CAN in patients with UC. The Kudo Classification of the
pit pattern of non-IBD colorectal neoplastic lesions was proposed based on ME in 1996. The classification consists of
five categories: Type I round pits; Type II stellar or papillary pits; Type III-L large tubular or roundish pits; Type III-S
small tubular or roundish pits; Type IV branch-like or gyrus-like pits; and Type V nonstructural pits [13] Kudo pit pat-
tern Types III—V is considered as being dysplastic and Kudo pit pattern Types [—II is considered as being nondysplas-
tic or predictors of dysplasia in patients with long-standing IBD (Figs. 19.3 and 19.4; Table 19.2) [14]. The Kudo
Classification was initially designed to depict non-IBD colonic neoplasia. The application of the Kudo Classification in
IBD can be challenging, as regenerative hyperplastic villous mucosa with inflammation-associated elongated and irreg-
ular pits, making the distinction between inflammatory, hyperplastic, and neoplastic changes difficult.

Other classification systems of colon polyps have been proposed, including the Narrow-band Imaging International
Colorectal Endoscopic (NICE) Classification [15,16] and the Showa Classification [17]. The NICE Classification was
proposed to differentiate nonneoplastic from neoplastic lesions, based on lesion color, microvascular architecture, and
surface pattern [18,19]. It classifies colorectal lesions into three categories: Type I as a hyperplastic lesion, Type II as
an adenoma, and Type III as invasive cancer.

In addition to the pit pattern, morphology of mucosal structure and depth of CAN lesions may be categorized by the
Paris Classification, which was designed for endoscopic classification of superficial neoplastic lesions in the colon as
well as esophagus and stomach (Fig. 19.5; Table 19.3) [20]. The application of the Kudo Classification and Paris
Classification are enhanced with the availability and application of various IEE. The Paris Classification was modified
in a statement by the Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory

FIGURE 19.1 PICaSSO-mucosal architecture on narrow-band imaging or blue-light imaging: (A) Normal, (B and C) microerosions (green arrow),
ulcers (yellow arrow), (D) mucosal scars (blue arrow), (E) mucosal edema, and (F) bleeding (red arrow). PICaSSO, The Paddington International
Virtual Chromoendoscopy.
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FIGURE 19.2 PICaSSO-vascular architecture on narrow-band imaging or blue-light imaging: (A) Normal subepithelial vascular network, (B) mildly
dilated subepithelial vessels (green arrow), (C—E) crowded epithelial blood vessels, and (F) edema with crowed subepithelial blood vessels (blue
arrow). PICaSSO, The Paddington International Virtual Chromoendoscopy.

TABLE 19.1 The Paddington International Virtual Chromoendoscopy Score (PICaSSO) in ulcerative colitis [11].

Category Subcategory Description

PICaSSO mucosal-architecture 0—No mucosal defect A: Continuous/regular crypts

B: Crypts not visible (scar)

C: Discontinuous and or dilated/elongated crypts

I—Miicroerosion or cryptal abscess 1: Discrete

: Patchy

2
3: Diffuse

Il—Erosions size <5 mm 1: Discrete

: Patchy

: Diffuse

PICaSSO vascular-architecture 0—Vessels without dilatation : Roundish following crypt architecture

: Vessels not visible (scar)

: Sparse (deep) vessels without dilatation

I—Vessels with dilatation : Roundish with dilatation

: Crowded or tortuous superficial vessels with dilatation

Il—Intramucosal bleeding : Roundish with dilatation

: Crowded or tortuous superficial vessels with dilatation

: Roundish with dilatation
: Crowded or tortuous superficial vessels with dilatation

Ill—Luminal bleeding

| F(>|F[Z|O0]|F>|R]N
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FIGURE 19.3 Illustration of the Kudo pit classification: (A) Type I—round pits (normal pattern), (B) Type II—stellar or papillary pits, (C) Type
III-L—Ilarge tubular or roundish pits that are larger than normal pit pattern, (D) Type III-S—small tubular or roundish pits that are smaller than normal
pit pattern, (E) Type IV—branch-like or gyrus-like pits, and (F) Type V—nonstructural pits.

FIGURE 19.4 Illustration of the Kudo pit classification in inflammatory bowel disease with high-definition white-light colonoscopy: (A) Type
I—round pits, (B) Type II—stellar or papillary pits, (C) Type III-L—large tubular or roundish pits, (D) Type III-S—small tubular or roundish pits, (E)
Type IV—branch-like or gyrus-like pits, and (F) Type V—nonstructural pits.
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TABLE 19.2 The Kudo Pit Pattern for colorectal tumorous lesions [13].

Description Explanation

Type | Round pits Normal pit pattern
Type Il Stellar or papillary pits
Type llI-L Large tubular or roundish pits Larger than normal pit pattern
Type llI-S Small tubular or roundish pits Smaller than normal pit pattern
Type IV Branch-like or gyrus-like pits
Type V Amorphous or nonstructural pattern
L, Large; S, small.

Sessile-Is Flat-llb

-
Pedunculated-Ip Superficially elevated-lla Depressed-lic Ulcer-llI
- | |
{
Polypoid Nonpolypoid

FIGURE 19.5 Superficial neoplastic lesions in inflammation bowel disease according to the Paris Classification.

TABLE 19.3 Adopted from the Paris Classification of neoplastic lesions with “superficial*” morphology (type 0).

Morphology Category Subcategory Description
Type O Polypoid 0-1 0-Ip Pedunculated polypoid
0-Is Sessile polypoid
Nonpolypoid and nonexcavated 0-11 0-lla Slightly elevated
0-1lb Flat
0-llc Slightly depressed without ulcer
Nonpolypoid with a frank ulcer 0-111 Excavated (ulcer)

“Superficial” is defined the depth of penetration in the digestive wall by the neoplasia is not more than into the submucosa, that is, there is no infiltration of
the muscularis propria. P, Pedunculated; S, sessile.
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FIGURE 19.6 Components of the
SCENIC Classification: (A) Descriptor-
ulceration (green arrow), (B) distinct bor-
der, (C) indistinct border (yellow arrow),
and (D) strictured ileal pouch-anal anasto-
mosis with poorly defined surface struc-
ture. Histology showed adenocarcinoma
(D). SCENIC, the Surveillance for
Colorectal Endoscopic Neoplasia
Detection and Management in
Inflammatory Bowel Disease Patients.

TABLE 19.4 SCENIC terminology for reporting findings on colonoscopic surveillance of patients with inflammatory
bowel disease.

Term Definition

Visible dysplasia Dysplasia identified on targeted biopsies from a lesion visualized at colonoscopy

Polypoid Lesion protruding from the mucosa into the lumen =2.5 mm

Pedunculated Lesion attached to the mucosa by a stalk

Sessile Lesion not attached to the mucosa by a stalk: entire base is contiguous with the mucosa

Nonpolypoid Lesion with little (<2.5 mm) or no protrusion above the mucosa

Superficial Lesion with protrusion but <2.5 mm above the lumen (less than the height of the closed cup of a biopsy
elevated forceps)

Flat Lesion without protrusion above the mucosa

Depressed Lesion with at least a portion depressed below the level of the mucosa

General descriptors

Ulcerated Ulceration (fibrinous-appearing base with depth) within the lesion

Border

Distinct border Lesion’s border is discrete and can be distinguished from surrounding mucosa

Indistinct border Lesion’s border is not discrete and cannot be distinguished from surrounding mucosa

Invisible dysplasia Dysplasia identified on random (nontargeted) biopsies of colon mucosa without a visible lesion

SCENIC, The Surveillance for Colorectal Endoscopic Neoplasia Detection and Management in Inflammatory Bowel Disease Patients.
Source: Modified from the Paris Classification. The Paris endoscopic classification of superficial neoplastic lesions: esophagus, stomach, and colon:
November 30 to December 1, 2002. Gastrointest Endosc. 2003;58:53—43.
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Bowel Disease Patients (SCENIC): International Consensus Recommendations (Fig. 19.6; Table 19.4). The SCENIC
consensus statement guides colonoscopic surveillance of CAN which was endorsed by the American Society for
Gastrointestinal Endoscopy and American Gastroenterological Association. The endoscopic features of the modified
Paris Classification listed in the SCENIC statement help clinicians to make decision on endoscopic resection versus sur-
gical intervention.

Dye chromoendoscopy

Dye-based chromoendoscopy is widely used in the gastrointestinal (GI) disorders, ranging from Barrett’s esophagus and
early gastric neoplasia to CAN. As compared with ME, OCT, CLE, and confocal endomicroscopy, DCE is available
with the conventional endoscope along with staining agents and tubing without the need for special endoscopy equip-
ment. Staining agents for DCE include Lugol’s solution, methylene blue, toluidine blue, Congo red, phenol red, and
indigo carmine. The most commonly used dyes are 0.03% indigo carmine (a reactive, nonabsorbed dye) and 0.04%
methylene blue (an absorbed and contrast dye). Indigo carmine is a deep blue contrast dye that coats mucosal surfaces
and persists for a few minutes, highlighting mucosal pits, grooves, and crevices, improving the visualization of mucosal
structures and allowing for the delineation of any lesions or areas of inflammation. Methylene blue is absorbed by the
small intestinal and colonic epithelial cells. It takes approximately 60 seconds for adequate staining and the dye lasts
for approximately 20 minutes. Dysplastic or inflamed cells absorb little or no dye at all, resulting in differential staining
which allows for the detection of any lesions and areas of inflammation.

Adequate bowel preparation is important for quality DCE which can be achieved the administration of a clear liquid
diet the day before with polyethylene glycol electrolyte solution in a split dose [22]. Sodium phosphate-based bowel
preparations should be avoided as they can cause aphthous ulcers (Figs. 19.7 and 19.8) [23].

The role of DCE in the assessment of disease activity of CD or UC has not been well defined. DCE provides more
detailed imaging on the mucosal structure and vasculature like virtual chromoendoscopy. To diagnose and assess the
severity of IBD the clinician needs to incorporate a constellation of clinical symptoms, lab parameters, and endoscopic
findings. One of the earlier trials involving 17 patients with UC suggests that methylene blue—based DCE was effective
for assessing the mucosa inflammation in patients with mild ulcerative proctitis. Areas of abnormal staining correlated
well areas of inflammation [24]. Another prospective study of 25 patients with UC reported that DCE increased the
detection of areas affected by UC [25]. These findings suggest that DCE may be helpful in estimating the extent of
inflammation in patients with UC with better characteristics of mucosal details (Figs. 19.9—19.15).

FIGURE 19.7 Bowel preparation and
chromoendoscopy: (A and B) Catheter-
based dye spray during chromoendoscopy
in an ulcerative colitis patient with exten-
sive mucosal scars, (C and D) inadequate
bowel preparation with fecal particles
which interfered with efficacy of
chromoendoscopy.
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FIGURE 19.8 Dye chromoendoscopy in
ulcerative colitis: (A) Spray of methylene
blue, (B) the dye spray was too diluted,
(C) the dye spray was too concentrated,
and (D) retroflex view of the rectum is still
needed in patients without active proctitis.

FIGURE 19.9 Dye chromoendoscopy in
quiescent ulcerative colitis: (A) Granular
mucosa, (B) granular mucosa after biopsy
(green arrow), (C) punctate pits, and (D)
granularity with Kudo Classification-II.

Dye chromoendoscopy may be incidentally performed in patients undergoing the colonoscopy for monitoring activ-
ity. The patients may be found to have disease in remission with mucosal scars, nonulcerated strictures, or pseudopo-
lyps. These patients may benefit from the use DCE during the same session to find dysplasia.

Dye chromoendoscopy was shown to yield a better detection rate of CAN than SD or HD-WLE [26—28]. To opti-
mize the quality of surveillance, there should be minimal or absent mucosal inflammation. Iacucci et al. recommended
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FIGURE 19.10 Dye chromoendoscopy
in quiescent ulcerative colitis: (A—D)
Granular mucosa with round pit patterns.

FIGURE 19.11 Dye chromoendoscopy
in patients with quiescent ulcerative coli-
tis: (A—C) Mucosal scars and visible
mucosal vasculature and (D) hyperplastic
lesions with absent staining of methylene
blue (green arrows). Detailed pit pattern
was not well visualized with the high-
definition endoscopy.

fecal calprotectin level below 100 pg/g as a marker of minimal disease activity before surveillance colonoscopy [23].
The SCENIC statement has recommended surveillance for CAN be done with HD-WLE and DCE with targeted biop-
sies in contrast to standard multipiece random biopsy [29]. Earlier studies showed that DCE was more effective to
detect CAN than SD-WLE [4—6,21], but not than HD-WLE [7,30], SCENIC metaanalysis combining 8 randomized
controlled trials revealed a 1.8-fold increase in the dysplasia detection rate with DCE targeted biopsy as compared to
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FIGURE 19.12 Dye chromoendoscopy
in patients with quiescent ulcerative coli-
tis: (A—D) Kudo type I pit pattern.

FIGURE 19.13 Dye chromoendoscopy
in quiescent ulcerative colitis: (A—D)
Granular mucosa with Kudo type I pit
pattern.

the WLE random biopsy protocol [4—6]. The SCENIC metaanalysis found the dysplasia detection rate to be 90% on
targeted biopsies and only 10% on random biopsies [21,31].

In clinical practice of endoscopy in IBD, DCE is considered the gold standard, while HD-WLE or DCE is preferred
over SD-WLE [14]. The purpose of DCE is to enhance mucosal features and guide the targeted biopsy or ablation of
aberrant aspects suspected of neoplasia (Figs. 19.16—19.29). In addition to UC and Crohn’s colitis, chemoendoscopy has
been used for the dysplasia surveillance in patients with ileal pouch-anal anastomosis (IPAA) (Figs. 19.30 and 19.31).
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FIGURE 19.14 Dye chromoendoscopy in
quiescent ulcerative colitis: (A—C) Granular
mucosa and (D) a polypoid lesion (Paris
Classification-Is; Kudo Classification-II)
(green arrow) with a histologic diagnosis of

hyperplastic polyp.

FIGURE 19.15 Mucosal healing on
white-light colonoscopy showed mucosal
structural changes in quiescent Crohn’s
colitis on dye chromoendoscopy during
routine surveillance colonoscopy: (A—D)
Benign pit patterns.

Virtual chromoendoscopy

Conventional colonoscopy can demonstrate intramucosal capillary network of the normal colon. In the inflamed colon
mucosa, mucosal edema, granularity, nodularity, fibrosis, and ulceration obscure the view of intramucosal capillary net-
work. Generally speaking, dyes used in DCE are safe to administer, and no adverse events have been reported except



Chromoendoscopy in inflammatory bowel disease Chapter | 19 277

FIGURE 19.16 Dye chromoendoscopy
for the assessment of hyperplastic polyps
in ulcerative colitis: (A and B) Small ses-
sile hyperplastic polyp on white-light
endoscopy (green arrows) with staining of
methylene blue and (C and D) small super-
ficially elevated hyperplastic lesions,
which may (yellow arrow) or may not (red
arrow) be stained by methylene blue.

FIGURE 19.17 Dye -chromoendoscopy
for sessile hyperplastic polyps in ulcerative
colitis:  (A) Sessile polyp (Paris
Classification-Is; Kudo Classification-II)
stained with methylene blue (green
arrow), (B) superficially elevated hyper-
plastic lesion (Paris Classification-Is;
Kudo Classification-unclear) devoid of the
dye (yellow arrow), and (C and D) sessile
polyp (Paris Classification-Is; Kudo
Classification-II) devoid of the dye (red
arrow) which was biopsied (D).

for the one report of methylene blue inducing oxidative DNA damage after chromoendoscopy for the evaluation of
Barrett’s esophagus [32]. Some patients have dye allergies.

The dye-less, virtual chromoendoscopy, also known as electronic chromoendoscopy, refers to endoscopic imaging
technologies with detailed contrast enhancement of the mucosal surface and blood vessels in the GI tract. Regenerative
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FIGURE 19.18 Dye chromoendoscopy
in a patient with quiescent ulcerative coli-
tis and primary sclerosing cholangitis: (A)
Patulous ileocecal valve, (B) colon mucosa
with loss of vascularity (green arrow), (C)
spray of methylene blue, and (D) the
highlighted area on white-light endoscopy
(C) was further defined by staining pattern
of dye (yellow arrow).

FIGURE 19.19 Dye chromoendoscopy
in quiescent ulceration colitis with nodular
mucosa: (A—D) Nodular mucosa with sur-
face (Kudo Classification-II)  being
highlighted by the dye spray.

changes in the mucosa can be misinterpreted as dysplastic lesions. Moreover, chronic inflammation can disrupt the pit
pattern, thus limiting the use of the Kudo Classification [14].

Virtual colonoscopy, different from virtual chromocolonoscopy, is specifically referred to as computed tomography
colonography. Virtual chromoendoscopy uses either optical or digital technologies. In the former setting, optical lenses
are integrated into the endoscope’s light source, selectively filtering white light and subsequent resulting in narrow-band
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FIGURE 19.20 Dye chromoendoscopy
for inflammatory polyps in ulcerative coli-
tis: (A and B) A small sessile polyp with
subtle appearance on white-light colonos-
copy (green arrow) which was highlighted
for pit pattern with methylene blue spray
(vellow arrow) and (C and D) extensive
inflammatory polyps with obscure surface
on white-light colonoscopy (C), in contrast
to the highlighted surface pit pattern on
chromoendoscopy (D).

FIGURE 19.21 Chromoendoscopy in
ileal pouch prolapse: (A) Ileal pouch-
anastomosis with mild stricture, (B) ante-
rior distal pouch prolapse (green arrows),
and (C and D) prolapsed mucosa was
highlighted with methylene blue (yellow
arrows).

light. In the later setting, chromoendoscopy utilizes digital postprocessing to enhance the real-time images. Virtual chro-
moendoscopy such as NBI eliminates the need for dye spraying or reinsertion which reduces the procedure time signifi-
cantly as compared to DCE [21].

Three different dye-less virtual chromoendoscopy systems are commercially available: NBI (Olympus, Tokyo,
Japan), flexible spectral imaging color enhancement (FICE; Fujifilm, Tokyo, Japan), and I-SCAN (PENTAX; Tokyo,
Japan) [33].
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Narrow-band imaging

FIGURE 19.22 Dye chromoendoscopy
for pseudopolyps in active or quiescent
ulcerative colitis: (A—D) Surface features
of the polyps were obscure on white-light
endoscopy (A and C) but detailed on chro-
moendoscopy (B and D).

FIGURE 19.23 Dye chromoendoscopy
for pseudopolyps in quiescent ulcerative
colitis: (A—D) Surface features of the
polyps were highlighted on
chromoendoscopy.

Narrow-band imaging is the most commonly used virtual colonoscopy system. The depth of light penetration depends
on its wavelength. The longer is the wavelength, the deeper the light penetrates the tissue. NBI is a real-time optical fil-
ter placed in front of the white-light source to narrow the wavelength to 30 nm bandwidths in the blue (415 nm) and
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FIGURE 19.24 Dye chromoendoscopy
for flat and elongated pseudopolyps in qui-
escent ulcerative colitis: (A—D) Surface
features of the polyps were highlighted on
chromoendoscopy.

FIGURE 19.25 Dye chromoendoscopy
for sessile polyps in quiescent ulcerative
colitis: (A—D) Surface features of the
polyps (Paris Classification-Is; Kudo
Classification-II) were highlighted on
chromoendoscopy, which were biopsied.

green (540 nm) region of the spectrum. The short-wave blue light penetrates only superficially, while longer-waved red
light penetrates deeper. NBI uses a light source with special red-green and blue filers allowing for bandpass ranges to
be narrowed and the relative contribution of blue light to be increased. NBI system can also use white-light illumination
in combination with a color charged coupled device-chip. NBI demonstrate enhances pit patterns, mucosal structures,
the superficial vasculature of mucosa with a higher contrast than WLE, as NBI has shallower tissue penetration and it is
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FIGURE 19.26 Dye chromoendoscopy
as a guide for colonoscopic polypectomy
in quiescent ulcerative colitis: (A—D) The
sessile polyp (Paris Classification-Type Is;
Kudo Classification-III-L) was highlighted
with the dye spray. Endoscopic polypect-
omy was performed with a saline cushion.

FIGURE 19.27 Dye -chromoendoscopy
for the surveillance in quiescent ulcerative
colitis: (A) Dye spray, (B and C) superfi-
cially raised lesions (Paris Classification-
Is; Kudo Classification-Type II) devoid of
methylene blue stain (green arrows), and
(D) biopsy taken which showed indefinite
for dysplasia.

mostly absorbed by the hemoglobin in the vessels. Various classification systems have been proposed for Barrett’s
esophagus based on NBI features of the mucosal microstructural pattern (e.g., ridged, villous, circular, irregu