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Preface

This book is a concise review of medically important aspects of inflammatory bowel disease.
It covers both clinical and management aspects of this disease in adults. Its two major aims
are to assist students preparing for specialty in inflammatory bowel disease and its manage-
ment and to help people who want to understand more about this condition with brief and
flexible sources of information. This book presents the current, medically important infor-
mation in the rapidly changing field of inflammatory bowel disease. Our goal is to provide
readers with an accurate source of clinically relevant information at different levels of medi-
cal education. These aims are achieved by utilizing several different formats, which should
make the book useful to students and readers with varying study objectives and learning
styles. The information is presented succinctly with emphasis on making it clear, interesting,
and up to date.

I believe that readers will appreciate a book that presents essential information in readable
and interesting formats. I hope this book meets those criteria.

Batool Mutar Mahdi, MB ChB, MSc, FICMS-Path (Clinical Imnmunology)
Head of HLA (Human Leukocyte Antigens) Research Unit

Department of Microbiology

Al-Kindy College of Medicine

University of Baghdad

Baghdad, Iraq
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Chapter 1

Introductory Chapter: Inflammatory Bowel Disease

Batool Mutar Mahdi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73512

1. Introduction

Inflammatory bowel disease (IBD) is a collection of inflammatory forms of the colon and small
intestine (Figure 1).

Under this umbrella is Crohn’s disease (CD) and ulcerative colitis (UC) which they are the
main types of it. Crohn’s disease affects the gastrointestinal tract from the mouth to the anus,
whereas ulcerative colitis principally affects the colon and the rectum [1]. A third type of
bowel inflammation had emerged known as indeterminate colitis (IC) or inflammatory bowel

Figure 1. Colonic biopsy of the mucosa shows numerous neutrophils within the crypt and several eosinophils.

I m Ec H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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disease unclassified (IBDU) when the differentiation between UC and CD is difficult due to
the absence of standard golden test that differentiates between these two diseases [2]. IBD can
affect any age of the population, but it is more common between 15 and 40 years of age (both
young adults and elderly). About 7-20% of IBD patients are children and 60-85% are adults
below 40 years of age [3]. There is a bimodal distribution of CD in American cohort popula-
tion and European and Canadian population; the peak incidence of CD is 1529 years of age,
while the incidence of UC is 20-29 years of age [4]. In smokers, the onset of UC is at later years
of age compared to non-smoker patients [5]. Hospital admissions of the patients who were
over the age of 65 years of age represent 25% of all hospital admissions for IBD patients [6].

2. Signs and symptoms

Inflammation anywhere along the gastrointestinal tract disrupts the normal mucosal integ-
rity. Thus, IBD can be very painful and disruptive, and it may be life-threatening in some
cases. The symptoms are vary from abdominal pain, cramps, swelling in the stomach, recur-
ring or bloody diarrhea, weight loss, tiredness, fever, vomiting, anemia. Other rare symptoms
are joint pain, painful red eyes, painful red skin nodules, and jaundice. The characters of these
symptoms are remission and relapse [7].

3. Causes

The precise cause is unknown, and it may be due to interaction between environmental and
genetic factors leading to immunological responses and inflammation in the intestine.
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Figure 2. Loci associated with IBD. Pink genes are in IBD-associated loci, blue are not [8].
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3.1. Genetic factor

It is more likely to develop IBD if it has a sibling or parent with the IBD. There are about 163
loci that are related to 300 known genes related to cytokine production, lymphocyte activa-
tion, and the response to bacterial infection. The most important genes are NOD2, 1110, and
CARD? that had a relation with bacterial interaction and gene HCK which had an important
role in anti-inflammation (Figure 2) [8].

4. Environmental factors

4.1. Microbiota

The gastrointestinal tract contains many microbiota that maintain normal symbiosis.
When there is an alteration in this enteral bacteria may leads to gut inflammation [9].
About 30-50% reduction in Lachnospiraceae and Bacteroides in the gut of IBD patients and
have been prescribed antibiotics for them in the last 2-5 years ago [10]. These drugs in
association with other types of food like concentrated milk fat can alter the commensalism
bacteria in the gut [11].

4.2. Intestinal barrier

Intestinal epithelial mucosa is an important innate immune mechanism that acts as a barrier
preventing microbial gut from invading the epithelial tissue [12]. Changes in intestinal micro-
organisms lead to uncontrolled immune response that leads to damage this barrier through
dysfunctioning of TLR signaling and invading of bacteria initiating an inflammatory immune
response [13]. The immune system protects the gut from pathogen like bacteria and virus that
leads to inflammation in the digestive tract.

4.3. Diet

The type of diet is an important factor in initiation of IBD [14]. It had been found that
animal protein in meat and fish is associated with UC, while plant protein had no effect
due to the presence of sulfur-containing amino acid like methionine [15]. Diet containing
either intact proteins or free amino acids like elemental, semielemental, and polymeric
diets during intestinal inflammation may lead to immunological changes like decrease of
serum IgG; increase in the production of IL-6, IL-17A, TGF-$, and IL-10 in the small and
large intestines; increase in intestinal permeability; increased number of total and activated
CD4+ T helper cells in the small intestine; and proliferating cells in the colon. So, the design
of nutritional therapeutic intervention for inflammatory bowel diseases may contribute in
the treatment [16]. Eating habit is an important factor in initiation IBD especially in west-
ern countries like imbalance in the ratio of n-6/n-3 polyunsaturated fatty acids (PUFAs) in
favor of n-6 PUFAs, and a higher ratio of n-6 PUF versus n-3 PUF was associated with an
increased UC incidence [17].

5



6 New Concepts in Inflammatory Bowel Disease

5. Risk factors of IBD

5.1. Smoking

Smoking is one of the most important risk factors for developing Crohn’s disease but in ulcer-
ative colitis affects non-smokers and ex-smokers. Smoker patients will be affected later on
than non-smoker ones [5].

5.2. Ethnicity

Certain ethnic groups like Caucasians and Ashkenazi Jews have a higher risk for developing
IBD. Non-Caucasians had more severe disease performance than Caucasians. Non-Central
European descent patients who were born in Europe were diagnosed at lower years of age
with this disease than those born outside Europe and migrated to The Netherlands [18].

5.3. Age
IBD can occur at any age group, but mainly it starts before the age of 35 [19].
5.4. Family history

Individuals whose parents, sibling, or child have IBD are at a much higher risk of developing
IBD. So genetic with epidemiological factors could be used as predictors of the disease course.
For example, ileal localization of CD patients was more common in NOD2-variant carriers
and IL-6 GC + CC genotypes, identifying C allele as a probable marker of increased risk for
ileal CD and earlier onset of the disease in CD patients with a positive family history for
IBD. Patients with CD who are TLR4 299Gly carriers are at higher risk for surgery compared
with TLR4 299Asp-variant-carrier patients [20].

5.5. Geographical region

Population who live in urban areas and industrialized countries are more liable to develop
IBD because they tend to eat more fat and processed food. In addition to that, IBD is more
common among people living in northern cold climates. The incidence and prevalence of
inflammatory bowel disease show different variations in different geographical regions. IBD
is more common in North America and Northern and Western Europe; later on, the incidence
was increased in Eastern European and Asian countries [21].

5.6. Gender

IBD affects both sexes equally. Ulcerative colitis is more common among males, while Crohn’s
disease is more common among females.

6. Complications of IBD

* Malnutrition with resulting weight loss. The frequency of malnutrition in patients with in-
flammatory bowel disease was high. One of the predictive factors of malnutrition is avoidance
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of some foods during flares which were associated with higher risk of malnutrition, and many
patients had self-imposed food restrictions depending on their beliefs and thoughts [22].

* Colon cancer and other types of tumors. IBD diagnosis at an advanced age had an associa-
tion with colitis-associated colorectal cancer. Using chemotherapy like thiopurine in older
IBD patients leads to an increased risk of non-Hodgkin’s lymphoma, nonmelanoma skin
cancer, and urinary tract cancers. Furthermore, older age group is accompanied by multi-
morbidity factors like malnutrition and decreased life expectancy. This needs good cancer
screening and medical treatment [23].

e Fistulas or ulcers that go through the bowel wall creating a hole between different parts
of the digestive tract that need surgical intervention [24]. The rate of abdominal surgery
has decreased and reserved for severe and complicated IBD disease complications due
to advances in medical therapy, surveillance, and management methods. The emergency
surgery stills in the same rates and increases in surgical recurrence in spite of the reduction
in surgical rate morbidity [25].

¢ Intestinal rupture or spontaneous perforation of the small intestine is rare but can occur in
the clinical course of Crohn’s disease [26].

* Bowel obstruction. Whether intestinal or colonic obstruction is troublesome for neoplasm as
the first clinical manifestation of IBD. This is a clinical thing for surgeons, pathologist, and
gastroenterologist to be alert of this. The management of these lesions is surgery like hemico-
lectomy, segmental colonic resection of the portion involved according to the condition [27].

* Blood loss. One of the complications of IBD is bleeding per rectum or bloody diarrhea that
leads to shock [28].

7. Diagnosis

This can be achieved starting from history about chief complain ending with family history.
This followed by physical examination and laboratory tests:

1. Stool sample: To diagnose the causative microbial agent that causes the disease using fecal
samples and assess disease severity. IBD is associated with alteration in the gut microbiota
(gut dysbiosis). Bacteria that produce urease leads to transfer of nitrogen to the gut micro-
biota that is used for amino acid synthesis resulting in a predominance of Proteobacteria
species and dysbiosis. A possible role for altered urease expression and nitrogen flux in the
development of gut dysbiosis suggests that bacterial urease may be a likely therapeutic tar-
get for inflammatory bowel diseases [29]. Other fecal tests are SI00A12, neopterin, elastase,
fecal hemoglobin, alpha-1 antitrypsin, gelatinase-associated lipocalin, chitinase-3-like-1
protein, matrix metalloproteinase-9, lysozyme, M2 pyruvate kinase, myeloperoxidase, fe-
cal eosinophil proteins, beta-defensin-2, and beta-glucuronidase. Some of them had high
sensitivity and specificity and correlated with disease activity and response to therapy,
and another test is mucosal healing. Fecal calprotectin or fecal lactoferrin is the typical test
for assessing IBD activity, even though its specificity and sensitivity are not optimal and it
does not have a validated cutoff [30].



8 New Concepts in Inflammatory Bowel Disease

@

Blood test: There is a panel of blood tests in diagnosis and screening for ulcerative colitis and
Crohn’s disease like hemoglobin, platelet count, erythrocyte sedimentation rate (ESR), C-re-
active protein (CRP), and albumin are widely used [31]. Other laboratory tests have been in-
cluded like interleukin-1 receptor antagonist, eotaxin, anti-neutrophil cytoplasmic and anti-
Saccharomyces cerevisiae antibodies, tumor necrosis factor alpha, and thrombopoietin [32-36].

Plain film and barium X-ray (follow-through and enema): Plain X-ray can be used when
perforation is suspected. Barium X-ray demonstrates the site and the severity of the lesion
in the large and small intestine. It also tracks the movement of a thick, chalky liquid barium
through the intestines [37].

Flexible sigmoidoscopy and colonoscopy: This is a direct visualization to sigmoid colon
for any ulcers, fistula, and other lesions with biopsy taken. Colonoscopy surveillance is
used for early dysplasia detection and treatment, thus preventing progression to colorectal
cancer. Techniques and technologies are available to enhance optical diagnosis of dyspla-
sia in inflammatory bowel disease [38].

Capsule endoscopy: Colon capsule endoscopy is a wireless and simply invasive method
for direct visualization of the whole colon and small intestine, screening and monitoring
disease activity in inflammatory bowel diseases [39]. The diagnosis of IBD using a pan-
enteric video capsule endoscope that visualizes both the small and large bowels is more
higher than ileocolonoscopy in patients with active disease [40].

Computer tomography (CT) and magnetic resonance imaging (MRI): Used to examine
the small intestine and detect any complications of IBD like abscesses, fistulas, and intes-
tinal obstruction. It also excludes other conditions that cause symptoms similar to those
associated with IBD like appendicitis. The patient usually drinks an oral contrast, and
intravenous contrast may also be injected into a vein prior to the test. Magnetic resonance
(MR) enterography has the advantage over other methods of being detection active inflam-
mation noninvasive, lacking ionizing radiation, and demonstrating excellent soft tissue
contrast to evaluate patients with inflammatory bowel disease [41].

Treatment

Anti-inflammatory drugs that decrease inflammation of gut mucosa in spite of its side
effect like sulfasalazine and corticosteroids. Sulfasalazine is a sulfa antimicrobial that is
used not only to treat IBD that affects gut microbes in the fecal samples by the increas-
ing amount of SCFA-producing bacteria and lactic acid-producing bacteria as well as the
decreasing amount of Proteobacteria but also to modulate the dysregulated function of the
TNBS-induced colitis, increased capacity for carbohydrate metabolism and citrate cycle,
and a decrease in the oxidative stress of riboflavin, sulfur, cysteine as well as bacterial
pathogenesis like cell motility and secretion, bacterial motility proteins, and flagellar as-
sembly. Furthermore, a higher proportion of Mycoplasma concentration [42].

Immunosuppressant drugs (immunomodulators): It acts on immune response preventing
it from attacking the bowel and causing inflammation like anti-TNF antibodies (infliximab)
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(IFX). Some patients will respond to this treatment, while others will not. The transmem-
brane TNF-a might be linked to response to IFX by promoting reverse signaling-induced
apoptosis in inflammatory cells. The percentage of tmTNF-a bearing lymphocytes and
monocytes and the intensity of tmTNF-a in the circulating leukocyte were directly related
to primary response to IFX. Inmunosuppressants have many side effects including rashes
and infections [43].

3. Antibiotics: The pathogenesis of inflammatory bowel disease is complex and involves the
interaction between genetic and environmental factors. One modality is prescription of
antibiotic like oral vancomycin with or without gentamicin that targets and kill Gram-
negative and anaerobic bacteria that may trigger or aggravate IBD symptoms [44].

4. Antidiarrheal drugs and laxatives: Diarrhea is a common clinical symptom of inflamma-
tory bowel diseases with abdominal pain, urgency, and fecal incontinence. The pathophys-
iology of it is due to a defect in absorption of salt and water by the inflamed bowel with in-
flammation. So, one mode of treatment is antidiarrheal drugs to treat IBD symptoms [45].

5. Lifestyle choices: IBD is increased in both developed and developing countries due to
lifestyle which is important in patients with IBD like obesity which is increased in parallel
with IBD. The possible cause is due to adipose tissue that produces pro-inflammatory adi-
pokines and provides a possible mechanism for the links between obesity and IBD. Other
possible methods of lifestyle are drinking plenty of fluids, which helps to compensate for
those lost in stool, and vitamin and mineral supplements, which can help in patients with
nutritional deficiencies. Avoiding dairy products and stressful situations also improves
symptoms. Exercising and quitting smoking can improve the IBD [46].

6. Surgery can sometimes be necessary for people with IBD, like strictureplasty, to widen a
narrowed bowel, closure or removal of fistulas, removal of affected portions of the intes-
tines, and removal of the entire colon and rectum, for severe cases of ulcerative colitis [47].

8.1. Prevention

The hereditary causes of IBD cannot be prevented. However, you may be able to reduce
your risk of developing IBD or prevent a relapse [48]. This can be achieved by eating healthy
foods like regular consumption of extra virgin olive oil, which is the main source of fat in the
Mediterranean diet [49]. Other methods are exercising regularly and quit smoking. In addi-
tion to that, using infliximab helps to prevent recurrence [50].
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Abstract

Ulcerative colitis is an inflammatory bowel disease with variable evolution, in which is
difficult to establish patient’s outcome. Histology is an important part of diagnosis of
ulcerative colitis and has an increasing role in patients’ management, since increasingly
more histologic features with predictive value are being identified and validated. This
chapter presents the most important histologic prognostic factors that should be included
in histologic reports of patients with ulcerative colitis. Basal plasmacytosis and histologic
healing are the most significant validated factors of prognosis in ulcerative colitis, while
dysplasia is important since colorectal carcinoma is a severe complication of the disease.

Keywords: ulcerative colitis, predictive value, prognosis, histologic factors, basal
plasmacytosis, dysplasia, histologic scores, histologic healing

1. Introduction

Inflammatory bowel diseases (IBD) are a group of chronic diseases with an unpredictable
evolution, with repeated flare-ups and remissions. The most important inflammatory bowel
diseases are ulcerative colitis and Crohn’s disease.

One of the most difficult problems of management of patients with inflammatory bowel
disease is the prognosis of these patients. This is an important issue for patients, since their life
is involved; for medical specialists, who should choose the best therapeutical approach and
surveillance schedule; for the health insurance system, which should tailor costs according to
patient’s needs and for the society, since patients with IBD are young and are facing a lifetime
of partial disability and medical dependence.

This chapter aims to describe histologic features with prognostic significance in ulcerative
colitis (UC). Usually, patients with UC undergo multiple colonoscopies with biopsies for
diagnosis and surveillance. The European consensus on the histopathology of inflammatory

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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bowel disease recommends for diagnosis to harvest at least two biopsies from minimum five
sites along the colon, including the rectum and the terminal ileum, and for surveillance four
biopsies from every 10 cm of the colon [1]. Routinely reporting histologic features with prog-
nosis values is an important component of management of these patients.

2. Histologic diagnosis of ulcerative colitis

Histologic diagnosis of UC requires examination of multiple colonic biopsies, including ones
from the rectum and the terminal ileum, accompanied by clinical and endoscopical data [1].

Classical histologic features of untreated UC can be divided into three categories:

a. Inflammatory lesions: characteristic pattern is chronic active colitis with polymorphous
inflammatory infiltrate in lamina propria and variable intraepithelial extension of neutro-
phils with or without ulcerations [2]. Activity is defined by the presence of neutrophils in
lamina propria, in crypt epithelium (cryptitis) and inside crypt lumina (crypt abscesses)
[3]. Chronicity is defined by lymphoplasmacytosis of lamina propria, with variable basal
plasmacytosis instead of plasma cell gradient [2—4].

b. Architectural changes: including distortion of crypts’ architecture, cryptic atrophy and
villous aspect of superficial epithelium [1]. In normal large bowel mucosa, crypts are
evenly distributed, parallel, with similar length (in accordance with the site of the biopsy).
Architectural distortion in UC includes shortening and branching of crypts, separated by
unequal spaces. Also, there is a variable hyperplasia of muscularis mucosa (especially in
long-standing disease). Although architectural distortion is variable in time, it is found in
all patients with UC, even during remission periods [5].

c.  Cellular changes: including Paneth cell metaplasia, mucin depletion, regenerative epithe-
lial changes and dysplastic epithelial changes. Paneth cells are normal in proximal colon,
but finding them in the distal colon and in the rectum is a sign of repeated processes of
ulceration repair and epithelial regeneration [6]. Although nonspecific, Paneth cell meta-
plasia is suggestive of a long-standing ulcerative colitis [7]. Paneth cells are involved in
innate and acquired local immunity and can be modulators of inflammation and repair in
UC [8]. Mucin depletion is the reduction of number of goblet cells and/or the decrease of
the quantity of mucin in their cytoplasm [7]. It is not a diagnosis change, being correlated
with inflammation and regeneration [7]. Dysplasia in UC is a late event and has a great
significance for patients’ outcome. It will be discussed later.

3. Histologic features with prognosis value in UC

Although prognosis is always an important challenge in management of chronic diseases,
reporting prognosis factors in UC is, somehow, a new target for pathologists. There are three
issues that should be accomplished for a histologic feature to become a used prognosis factor:
validated predicting value, high intra- and interobserver agreement and wide applicability.
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Multiple histologic and immunohistochemical features were proposed to be used in current
practice, but only some are properly studied and validated. None of these features is reliable
by itself; so, probably histologic prognosis factors will be better used in a composite score,
including clinical, endoscopical and serologic features [9, 10].

Some of the most important histologic features involved in establishing prognosis in UC are as
follows:

3.1. Basal plasmacytosis

Basal plasmacytosis (Figure 1) represents the presence of plasma cells in the lower part of the
mucosa, between the base of the crypts and muscularis mucosae [11]. Rectal basal
plasmacytosis is the most used microscopic lesion as prognosis factor, confirmed and validated
by several studies [10-12]. Basal plasmacytosis is an early feature, frequently found in patients
with UC, being used in diagnosis [12]. Its presence on rectal biopsies taken during remission
has a strong value in predicting short-time relapse of the disease, especially if there is an
increase of severity of basal plasmacytosis in asymptomatic patients [11, 13]. Although a recent
study failed to demonstrate the value of basal plasmacytosis as prognosis factor [14], it is
included in most recent ECCO-ESP European consensus on histopathology of inflammatory
bowel disease as predictive of ensuing clinical relapse [1]. It fulfills all three conditions for a
good predictive factor, because it was validated in some independent case series and cohort
studies, has a very good reproducibility and a wide applicability, since it can be evaluated on
routine histologic slides.

3.2. High number of eosinophils

The presence of eosinophils (Figure 2) is usually associated with basal plasmacytosis. Eosinophils
are not simple effectors in UC but active players in inflammation and mucosal repair [12, 15].

Figure 1. Basal plasmacytosis in a newly diagnosed patient with UC (Giemsa, 200x).
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Figure 2. Numerous eosinophils in lamina propria in a patient with active UC. The area is in the immediate vicinity of an
ulceration (hematoxylin & eosin, 100x).

Persistence of eosinophils in lamina propria after clinical remission indicates a high risk of
relapse [1, 11], and some studies demonstrated that in quiescent phase of UC, remaining
eosinophils are activated [16]. Their exact role is not fully understood, but they seem to be
involved in plasma cell survival [12], to have proinflammatory and promotility effects [15] and
to participate in normal and pathological repair of the mucosa [16]. Some studies demon-
strated that high number of eosinophils is associated with a poor response to therapy [17], an
increased incidence of relapse [18] and a high risk of extensive fibrosis and stenosis [12].
Reporting the number of eosinophils in UC patients can be done semi-quantitatively and this
can be a good predictive factor if more studies will validate it.

3.3. Cryptitis and crypt abscesses

Cryptitis is the extension of neutrophils in the epithelium of crypts, while crypt abscesses are
accumulations of neutrophils in the lumina of the crypts (Figure 3). They are, both, identified
in active phase of UC [2]. They are predictive for an aggressive, refractory disease especially in
older patients [19]. One study identified cryptitis in the majority of relapsing patients, while
none of the non-relapsers had this feature on the initial biopsy [18]. The presence of cryptitis
and crypt abscesses is a histologic feature with high reproducibility and wide applicability, but
needs further studies to validate it as a valuable predictive factor.

3.4. Histologic activity

It is usually evaluated using a semi-quantitative score. The most frequently used in UC is
Geboes score, which is a histologic scale including data about active inflammation and chro-
nicity changes [20]. Although there are studies that validated Geboes score as a predictive
marker in UC [10, 21], it is difficult to use in current practice because there are too many
parameters to be quantified, some of them having a poor reproducibility. Also, interobserver
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Figure 3. Cryptitis and cryptic abcess in a patient with active UC in the first relapse after initiating therapy (hematoxylin
& eosin, 100x).

agreement varies among studies, being probably responsible for contradictory results. A
Simplified Geboes Score is also available, being developed and validated with similar results
as the original score [22].

Recently, some other promising scores for UC have been validated and used in current prac-
tice, the most prominent being Nancy and Robarts Indexes [23, 24]. They have a good repro-
ducibility and a wider accessibility, but they still need validation as predictive tools for UC
[25]. Nancy Index assesses, in a sequential form, the presence of ulceration, acute inflamma-
tory infiltrate (presence of neutrophils and eosinophils in lamina propria and in epithelium)
and chronic inflammatory infiltrate, using a semi-qualitative scale very easy to understand,
which allows a great reproducibility [23]. All features have demonstrated their predictive
value for relapse in different studies, so we have a good probability for Nancy Index to have
an acceptable predictive value. It is recommended that Nancy Index be used in current
practice; a fact that will ease further studies for validating this index [26]. Robarts Index is
considered to be validated for UC diagnosis, but data are still lacking about its predictive value
for UC outcome. Robarts score includes evaluation of: chronic inflammatory infiltrate, activity
and the severity of erosions or ulceration [26]. Since it is more difficult to use, probably it is
more suitable for clinical trials and research studies [27].

3.5. Architectural distortion

Distortion of crypt architecture (Figure 4) is usually present on colonic biopsies in patients
with UC, even in cases with complete remission. It is the result of repeated episodes of
inflammation, ulceration and repair and is the witness of mucosal remodeling. Architectural
distortion includes shortening and branching of the crypts with inequality of inter-crypt
distance [2]. Severe architectural distortion in a predictive factor for a short-time relapse in
patients with clinical remission of UC [28]. Also, worsening of architectural distortion in
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Figure 4. Architectural distortion of colonic mucosa in a patient with long-standing UC. Note an unequal distance
between crypts and lack of crypt parallelism. Also, although there is no activity, some inflammation persists (hematoxylin
& eosin, 40x).

patients with UC without an intervening acute inflammatory episode is usually a good predictor
of evolution toward dysplasia, correlating with acquisition of mutations in epithelial cells [29].

3.6. Paneth cell metaplasia

Presence of Paneth cells (Figure 5) in the base of the crypts beyond splenic flexure is consid-
ered pathologic in UC. Their role and importance are still understudied. Paneth cell metaplasia

Figure 5. Paneth cells in the base of the crypts on a rectal biopsy, in a patient with a long-standing ulcerative colitis and
minimal inflammation of rectal mucosa (hematoxylin & eosin 200x).
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is considered a response to chronic injury and is identified in patients with long evolution of
the disease, indicating their evolution toward malignant epithelial lesions [30, 31]. Practically,
after ulceration, mucosa is repaired by various clones of epithelial cells; some of them with
anomalies that make them differentiate as Paneth cells. In areas of Paneth cell metaplasia
without dysplasia, there were identified mutations of B-catenin similar to those in dysplastic
and malignant lesions of colon [31].

Paneth cells are involved in innate immunity of the gut, secreting antimicrobial proteins [8]. In
inflammatory bowel disease, they probably are involved in offering antibacterial protection for
the damaged mucosa [8]. It is still unknown if the defensins produced by Paneth cells are
involved in the abnormal response of local immunity in UC [32].

3.7. Dysplasia

Dysplasia represents the morphologic changes of epithelial cells that are indicating accumula-
tion of DNA damage and progression toward malignancy. Carcinogenesis in UC is inflamma-
tion-driven and has a different pathway than usual colorectal carcinogenesis. Epithelial cells are
acquiring early mutations of TP53 and KRAS genes and no mutations of APC genes, while in
non-inflammatory carcinogenesis of colon, APC mutation is the earliest event [33].

Diagnosis of dysplasia is very difficult in UC, since usually, on biopsies taken in active disease,
the pathologist identifies significant cellular changes (nuclear polymorphism, hyperchromasia
and hypertrophy and sometimes high mitotic activity) related to inflammation and regenera-
tion. But, regenerative changes are usually confined in the base of the crypts, exhibiting
unequivocal maturation toward surface and are closely related with the activity of inflamma-
tion, while dysplasia lacks maturation and affects, in equal measure, superficial and cryptic
epithelium. Also, usually dysplasia associates loss of nuclear polarity, changes in nuclear-
cytoplasmic ratio and significant architectural changes. Diagnosis of dysplasia in UC requires
architectural abnormalities and cellular alterations beyond regenerative changes [2].

After establishing the diagnosis of unequivocal dysplasia, the pathologist should characterize
the nature of the lesion, using microscopic and macroscopic (endoscopic) data: flat dysplasia,
adenoma-like dysplasia or dysplasia-associated lesion or mass (DALM) [2]. Furthermore,
always it should be kept in mind the fact that patients with UC can have sporadic adenomas
with dysplasia, which should be diagnosed like any sporadic adenoma. Usually, diagnosis of
dysplasia in UC is formulated using the classical staging of low-grade dysplasia and high-
grade dysplasia. Also, there is accepted a diagnosis of “indefinite” for dysplasia in cases with
ambiguous cellular anomalies, usually in the vicinity of an ulceration [1, 2, 34]. Low grade
dysplasia (LGD) indicates a superficial and cryptic epithelium with hyperchromatic and
hypertrophic nuclei that maintain polarization, although with a discrete tendency toward
pseudo-stratification. Architectural anomalies are usually mild [2]. High grade dysplasia
(HGD) exhibits a more severe architectural distortion and significant cellular atypia with loss
of nuclear polarization [2].

Some immunohistochemical markers, such as p53, p21, bcl-2, AMACR (alpha methyl-CoA
racemase), can be used to sustain a morphologic diagnosis of dysplasia [1, 29]. Considering
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that treatment for UC-associated dysplasia is usually colectomy and there is a poor inter- and
intraobserver agreement, especially for the diagnosis of LGD, it is mandatory that the diagno-
sis is confirmed by an independent expert pathologist before any invasive therapy [34-36].

Dysplasia is an indicator of a poor prognosis for the UC patients, with a high risk of evolution
toward invasive colorectal adenocarcinoma in the absence of treatment (about 40% for HGD)
[37]. LGD has also a high risk of progression toward carcinoma, some recent studies showing
that a patient with UC and LGD has a ninefold higher risk for carcinoma than a patient with
UC but without dysplasia [1]. One third of patients with LGD, UC and primary sclerosing
cholangitis will progress toward more severe neoplastic lesions [38]. About one half of the
patients with UC and HGD have already an invasive colorectal carcinoma previously diag-
nosed [39].

For prognosis reasons, it is very important to know the location of dysplastic lesions, since
carcinoma is more frequent in distal segments of the colon in patients with UC [1]. Patients with
distal LGD have a higher risk and a shorter period to progression toward HGD than patients
with proximal LGD. Also, flat LGD has a higher risk of progression than DALM [1, 40].

3.8. Histologic healing

Histologic mucosal healing can be considered the final goal of treatment in UC, but it is not a
current target for treatment because definition is poorly standardized and it is not clear if the
risks of additional drug toxicity are acceptable. It is also difficult to obtain, since about one
third of the patients with clinical and endoscopical remission still have microscopic inflamma-
tion [41].

Figure 6. Histologic healing in a patient with repeated flare-ups included in a study for a biological agent. Note some
crypts atrophy and irregularities, with normal inflammatory infiltrate and preservation of plasma cell gradient in lamina
propria. No neutrophils or eosinophils can be identified (hematoxylin & eosin, 40x).
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Histologic healing (Figure 6) is usually defined by the remission of inflammatory infiltrate and
architectural changes. Some crypt atrophy or reduced crypt density, along with a slight
increase of cellularity of lamina propria can persist. Only chronic inflammatory cells are
allowed [1]. Complete remission of all lesions can be identified in about one quarter of patients
[42]. There are some controversies about the degree of basal plasmacytosis that is acceptable in
a patient with histologic healing, since plasma cells are not an indicator of disease activity [25].
Since basal plasmacytosis is, by itself, a poor prognosis marker, we consider that a true
histologic healing has no basal plasmacytosis.

Also, it is very important that the diagnosis of histologic healing is formulated only when the
pathologist has examined sufficient tissue fragments. Probably, best scenario includes at least
two fragments from minimum five sites along the colon, including the rectum and the terminal
ileum [1]. This method avoids errors of diagnosis, especially in patients with rectal sparing or
skip-lesions, aspects frequently observed after treatment [43].

From all features with predictive value, histologic healing offers the best chance to maintain a
sustained remission of the disease [25, 41]. It is, probably, the best indicator of treatment efficacy
and the most logical moment for stopping maintenance therapy [44]. Ideally, remission includes
clinical, endoscopical and histological resolution, which is called complete remission [45].

4. Conclusions

Histology is an important tool in management of UC patients. Colonic mucosa biopsies are not
very difficult to obtain, and routine histologic slides can bring valuable information not only
for diagnosis of the disease but also for predicting the patients’ outcome.

The highest predictive value for relapse among histologic features is indicated by basal
plasmacytosis and histologic healing, while presence of dysplasia indicates the risk for inva-
sive malignancy.

There are still some issues to be clarified concerning histologic scores and their importance in
UC management. Also, the term histologic healing needs a better definition until it becomes
the ultimate goal of UC treatment.
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Abstract

The inflammatory bowel disease (IBD) is associated with different neurological and psychi-
atric disorders, which are integrated among the extra-intestinal manifestation of this dis-
ease. The physiopathology of neurological manifestations of IBD varies among the different
kind of complications. The origin and the significance of these manifestations must be
understood by clinicians who manage IBD patients. Some of them are related to therapeu-
tic agents. The present chapter consists of a review of the most prevalent neurological and
psychiatric disorders associated with IBD. The physiopathology of those entities will also
be discussed, as well as the appropriate management for their prevention and treatment.

Keywords: neurological disorders, psychiatric disorders, thrombosis, demyelination,
peripheral neuropathy, extra-intestinal manifestations

1. Introduction

Inflammatory bowel disease (IBD) is a chronic disease of the gastrointestinal tract with an
unknown etiology, which alternates between periods of symptoms relapse and remission
[1, 2]. IBD involves various entities. Crohn’s disease (CD) and ulcerative colitis (UC) are
the most common, but other inflammatory conditions of the gastrointestinal tract are also
included under this term, such as the indeterminate colitis, microscopic colitis and pouchitis
[3]. In the present chapter, only CD and UC are discussed.

The incidence of IBD is different depending on its two main forms. CD is diagnosed in
0.5-10.6 patients/100,000 inhabitants/year, while the global incidence of UC is estimated at
0.9-24.3 patients/100,000 inhabitants/year. There is some evidence about the increase of these
incidence figures in the past 10 years [2]. On the other hand, the prevalence of CD in European
countries ranges from 1.5 to 213 cases per 100,000 people and the prevalence of UC ranges
from 2.4 to 294 cases per 100,000 people [2].
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IBD consists of an inflammation of the bowel, with different extension and histological fea-
tures between CD and UC. However, this disease does not only involve the gastrointestinal
tract, but there is also a long list of extraintestinal manifestations that can emerge prior to or
during the disease. The most frequent ones are those involving the skin (dermatological), the
joints (rheumatological), the eyes (ophthalmological), the liver and/or the biliary tract and the
genitourinary area (gynecological and/or urological). The prevalence of at least one extraint-
estinal manifestation varies from 6.2 to 46.6% [4].

Neurological manifestations of IBD are unusual, but they are potentially harmful, lead-
ing to severe and irreversible consequences if they are not detected and managed early
and properly. The prevalence of neurological manifestations has not been appropriately
established, but some authors have reported a prevalence of 20-30%, although there is a

general belief that subclinical or unrecognized neurological impairment may be present in
IBD patients [4-6].

The aim of the present chapter is to briefly review the main neurological manifestations asso-
ciated with IBD, with a special focus on their physiopathological mechanisms.

2. General pathophysiological considerations of IBD and its
neurological manifestations

Although a specific etiological agent in the development of IBD has not been established, it is
widely accepted that some scenarios may be associated with the development of this disease [4]:

* An inflammatory reaction to a persistent bowel infection.

* The presence of defects in the barrier of the intestinal mucosa to act against certain antigens.
* The presence of disturbances in the immune response to certain antigens.

In this regard, a dysfunction of the immune system and a chronic inflammatory response
appear both in the context of a specific environmental situation and in a genetically predis-

posed patient [1]. However, bearing in mind the physiopathology of neurological manifesta-
tions, there are different mechanisms that may specifically be involved in their development [4]:

* Malabsorption and secondary deficit of vitamins (mainly vitamin B12), which are essential
for myelin maintenance and regeneration [7].

* Hypercoagulability state, related to a chronic inflammatory response that may lead to isch-
emic events.

* Formation of metabolic toxic agents in the damaged bowel.

¢ Immunological disturbances that may lead to autoimmune response against glial-neural
components.

* Opportunistic infections secondary to the impairment of the immune system or because of
the treatment for IBD.



Neurological Manifestations of Inflammatory Bowel Disease 35
http://dx.doi.org/10.5772/intechopen.73017

These mechanisms can lead to neurological damage acting individually or in combination.
The identification of the leading mechanism is essential to prevent greater neurological dam-
age. Unfortunately, in many cases, it is not possible to identify the main pathological factor.

Nevertheless, disease-related mechanisms are not the only ones that need to be considered
to understand the origin of neurological manifestations. The pharmacological agents usu-
ally used in IBD may also lead to the development of such manifestations. The appropriate
selection of a therapeutic agent depends on the subtype of disease (CD or UC), location and
phenotype of the disease [8].

Some of these treatments try to prevent new relapses of the disease, whereas others try to
control the symptoms during a relapse. The vast majority of these therapeutic agents can
produce neurological manifestations as an adverse effect (Table 1), thus clinicians always
have to consider the possibility that neurological manifestations in IBD patients may have a
pharmacological rather than a primary IBD-related origin.

Drug category High frequency Low frequency  Rare (>1 case per ~ Unknown
(>1 case per 100  (>1 case per 1000 10,000 patients) frequency
patients) patients)

Dizziness, headache,
insomnia

Peripheral neuropathy
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Intracranial
ypertension,
eurotoxicity,
arachnoiditis,
paraplegia,
astonishment, ataxia,
dementia, dizziness

Progressive multifocal
leucoencephalopathy
hen other
immunosuppressors
are combined

Table 1. IBD treatment-related neurological complications with categorization of their frequency.
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3. Venous and arterial thrombotic and thromboembolic manifestations

Thromboembolic events are common in the context of IBD, secondary to the hypercoagulabil-
ity state that exists in this disease. This hypercoagulability is associated with an increase of
coagulation-associated factors and thrombin levels, as well as fibrin formation; a decrease of
natural anticoagulant factors; a decrease in fibrinolytic activity; the presence of endothelial
anomalies; and an increase in the count and activity of platelets [9].

Overall, the incidence of thrombotic complications is 1.2-7.5% in clinical studies, but this can
rise to 39% when post-mortem studies are considered [10, 11]. Both arterial and venous sys-
tem may be affected, but deep venous thrombosis and pulmonary thromboembolism are the
most common thromboembolic complications in IBD [10-13].

Intracranial thromboembolic events are much less frequent. Cerebral venous thrombosis is
more common in CU than in CD, and this may involve superficial or deep cerebral venous
systems or even some of the brain venous sinus [11, 14]. The risk of thrombotic or thrombo-
embolic complications in the brain is clearly associated with the activity of the disease. During
these periods, IBD patients have a higher risk of cerebral thromboembolic complications than
the normal population [9, 10]. These events are rarely reported during periods of non-activity
of the disease [9, 10], although some authors have described a higher incidence of thrombo-
embolic events in IBD patients than in healthy controls not only during a relapse of the dis-
ease but also during remission periods [15]. Larger cohort and case-control studies are needed
to confirm this finding, because if IBD patients suffer more thromboembolic events even dur-
ing remission periods, anticoagulant therapies might be routinely indicated.

In any case, the increase of thromboembolic events during relapses is clearly related to the
inflammatory response whose effect in the coagulation and platelet system has been described
above. Nevertheless, the use of steroids, dehydration, the increase of homocysteine and infec-
tions (all of which are associated with relapsing periods) may also contribute to the devel-
opment of thrombotic complications [10-13, 16]. Furthermore, the presence of mutations in
Leiden factor V in IBD patients leads to a higher incidence of thrombotic events [17].

Therefore, bearing in mind the high risk of thromboembolic events in IBD patients, mostly
during relapses [18, 19], it is essential to rapidly initiate a primary prophylaxis, with an early
mobilization, a correct rehydration and vitamin reposition, as well as the use of prophylactic
anticoagulants (mainly low molecular weight heparins). All of these measures are proven to
be useful in the prevention of venous thromboembolic events [20].

On the other hand, IBD patients also seem to present a higher incidence of arterial thrombo-
embolic events. Indeed, many studies have reported an association between cardiovascular
events and other chronic inflammatory diseases, like rheumatoid arthritis, lupus or psoriasis
[21-23]. Active IBD is also associated with a higher risk of cardiovascular events (spontaneous
or after surgical/invasive procedures), especially in young female patients [9].

When arterial thromboembolic events occur in the brain, they can be classified as ischemic
stroke. Although the literature agrees about the high risk of thromboembolic events in IBD
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patients, the increase in the incidence of ischemic stroke in IBD patients is a matter of debate
[9]. In this regard, Huang et al. [24], in a large retrospective cohort study, analyzed the risk of
ischemic stroke in IBD patients of a Taiwanese population. Although the studied groups were
not completely comparable in demographical and comorbidity features, the authors reported
a higher prevalence of ischemic stroke in IBD patients (mainly in CD patients) than the general
population (hazard ratios for UC and CD were 1.01 [95% confidence interval = 0.84-1.21] and
1.15[95% confidence interval = 1.04-1.28], respectively) [24]. Similar results were reported in a
Danish population-based setting (also with a mismatch in comorbidity distribution), showing
a relative risk (RR) of 1.15 of suffering ischemic stroke in an IBD population (95% confidence
interval 1.04-1.27) of suffering ischemic stroke in an IBD population [25]. Therefore, there is
weak evidence of the higher incidence of ischemic stroke in IBD populations. In any case, it
seems to be of the utmost importance to manage cardiovascular risk factors in IBD patients
[9]. Their combination with the pro-thrombotic situation that may be present in any phase
of IBD can play a major role in the development of brain ischemic complications, which are
associated with a high level of dependence and an important worsening of quality of life.

However, vascular events may not be only associated with pro-thrombotic conditions.
Vasculitis may also contribute to the presence of neurological manifestations. Bearing this in
mind, systemic vasculitis is also considered an extra-intestinal manifestation of IBD. Wegener’s
granulomatosis, Takayasu arteritis, medial temporal arteritis and Cogan’s syndrome (among
others) have been reported in combination with IBD [4, 26]. For example, Takayasu arteritis is
associated with IBD in 9.6% of cases [27], and this frequency seems to be higher in CD patients
(9%) [28] than in UC (6.4%) [29]. The pathogenesis of vasculitis associated with IBD is mediated
by immune complex deposits and cytotoxic lymphocytes [30]. The vasculitis of IBD patients
involves medium and large caliber vessels and may lead to brain ischemic events [4], and some
of them can directly affect the central nervous system (CNS) [31]. The global frequency of vas-
culitis associated with IBD is unknown, but it has been reported that such cases of vasculitis
involving the CNS are rare [31]. Furthermore, this manifestation seems to be independent of the
activity of the disease in the gastrointestinal tract [30, 32]. A correct diagnosis of CNS vasculitis
is essential, because it allows the initiation of the appropriate treatment and the prevention of
significant neurological impairment. Thus, when IBD patients present any CNS vascular event,
vasculitis must be considered as a possible diagnosis and it has to be appropriately ruled out.

4. Demyelinating diseases

The association of demyelinating diseases has been proposed since the early 1980s. Rang et al.
described a higher prevalence of multiple sclerosis (MS) than expected in UC patients [33].
Subsequently, this finding has been confirmed by many reports, but not only for UC but also
for CD [34-36]. For instance, Gupta et al. described an increased risk of optic neuritis and
other forms of MS in CD (odds ratio = 1.54) and UC (odds ratio = 1.75) [35]. In the same line, a
recent meta-analysis concluded that IBD patients present a higher risk of suffering from con-
comitant MS and vice versa (i.e. MS patients have a higher risk of suffering from associated
IBD) [36]. These authors found an increased risk of 50% [36].

However, some authors have proposed that the development of demyelinating diseases in IBD
patients is more related to the use of anti-TNFa drugs [37]. In this regard, the Spanish registry
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of autoimmune adverse events of biological agents (BIOGEAS Project) reported 12 cases of
MS and 25 cases of optic neuritis in IBD patients treated with anti-TNFa [38]. Furthermore,
this phenomenon is not exclusive to IBD patients. Arthritis patients treated with anti-TNFa
agents may develop MS or demyelinating lesions, with a partial or complete resolution of
neurological symptoms after discontinuing the medication [39]. An increased number of new
white matter lesions and new relapses have also been reported in MS patients treated with
infliximab [40]. On the other hand, the use of Natalizumab, a monoclonal antibody against
alfa4-integrin used in some cases of IBD, is associated with progressive multifocal leukoen-
cephalopathy (PML). This disease appears after a reactivation of the JC virus infection, and the
use of Natalizumab is clearly associated with this reactivation. PML is associated with a bad
prognosis with a mortality rate at 6 months above 60% [37].

Apart from demyelinating diseases associated with IBD, there is strong evidence of a higher
prevalence of white matter lesions in neurologically asymptomatic IBD patients than in
healthy subjects [5, 41]. Although these lesions are usually asymptomatic, their number and
volume tend to increase with age (mostly in CU patients) [41]. In any case, whenever these
lesions become symptomatic, their association with other CNS complications (e.g. cerebro-
vascular complications) has to be identified.

Therefore, in spite of the plausible relationship between MS and IBD, the presence of white
matter lesions is not evidence of the coexistence of both diseases. In fact, most of these lesions
have no clinical relevance and their presence in IBD patients should not be used to infer active
CNS disease [42]. Further research is needed about the origin of these lesions and their neuro-
logical and cognitive consequences in IBD patients.

5. Epilepsy

The relationship between epilepsy and IBD is uncertain. Lossos et al. reported a prevalence of
1.9% in a cohort of 638 IBD patients, although the majority of these patients had a structural
and/or metabolic cause that may lead to epileptic seizures [32]. Other authors have reported
an improvement of seizures in CD patients after treatment initiation, suggesting that immu-
nological mechanisms may be associated with the development of this disorder [43]. This
finding might also be supported by some case reports [44].

However, the most plausible explanation for the development of epileptic seizures in IBD
patients is that other CNS complications (e.g. thromboembolic events or unspecific white mat-
ter lesions) or other systemic complications (e.g. dehydration, low levels of magnesium, etc.)
may facilitate its development [45, 46]. Because of the above, a correct therapeutic manage-
ment may help to resolve and/or prevent this condition.

6. Peripheral neuropathy

Peripheral neuropathy (PN) is one of the most common neurological complications in
IBD patients [32, 43, 47]. Many factors have been associated with the development of PN,
such as extraintestinal inflammation, immunological phenomena, nutritional disturbances
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(e.g. malabsorption-related vitamin deficit) and adverse effects of IBD therapeutic agents
(e.g. metronidazole or anti-TNF agents) [48-50]. Whenever these causes are ruled out, the
frequency of PN in IBD patients varies from 0 to 39% [51].

IBD-associated PN may be associated with axonal damage or demyelination and it may have
an acute or chronic presentation [47, 51]. Cases of mononeuropathy, plexopathies, multiple
mononeuritis, compressive neuropathies and cranial neuropathies have also been reported
[50]. Bearing this in mind, IBD-related PNs present great clinical variability, although there is
a certain dominance of non-demyelinating vs. myelinating forms [48].

Demyelinating forms have a better prognosis than non-demyelinating forms, because they
have a more favorable response to immunotherapy. This situation may be related to the role
that T lymphocytes seem to play in demyelinating IBD-associated PNs. On the other hand,
the relationship between axonal PNs and immunological disturbances is less clear [47, 48].

7. Psychiatric disorders

IBD patients show a high prevalence of psychiatric disorders, with depression and anxiety as
the main diagnosis [1, 52, 53]. The prevalence of depression in IBD patients varies from 15 to
30%, but the frequency of anxiety rises to 80%, mainly associated with the relapses of the dis-
ease [54, 55]. There is no overall difference in the frequency of psychiatric disorders between
UC and CD [52].

Several factors have been associated with IBD-related depression: female gender, active intes-
tinal disease, the presence of fistulas or perianal disease, use of biological treatments and the
necessity of surgery because of IBD [55]. On the other hand, IBD patients with IBD seem to
present more aggressive phenotypes of the disease, with more relapses and shorter periods of
remission [52]. In any case, the prevalence of depression or anxiety is even higher when other
psychiatric conditions coexist [1, 52, 53].

Anyway, depression and anxiety are not the only IBD- associated psychiatric disorders. The
Manitoba IBD Cohort Study reported a higher prevalence in IBD patients than in general popula-
tion of panic and obsessive-compulsive disorders [56]. Controversy exists around bipolar disorder.
On the one hand, the Manitoba IBD Cohort Study reported a lower prevalence of bipolar disorder
in IBD than in the general population. On the other hand, Eaton et al. (2010) reported a higher
frequency of this psychiatric condition in IBD patients, more specifically in CD patients [57].

However, it is widely accepted that there is an infra-diagnosis and infra-treatment of psy-
chiatric disorders, with no systematic screening established in clinical guidelines. There is a
strong evidence of the presence of a bidirectional relationship between the degree of inflam-
mation in the gastrointestinal tract and the development of depression. This can be explained
by the brain-gut axis hypothesis. The brain and the gut are communicated by the autonomic
nervous system (sympathetic and parasympathetic systems). The vagus nerve (the main para-
sympathetic afferent) transmits information to the CNS about luminal osmolarity, carbohy-
drate levels, mechanical distortion of the mucosa and the presence of bacterial or cytostatic
drugs. On the other hand, sympathetic afferents transmit visceral pain [58].
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Information sent by the gastrointestinal system reaches the medulla (nucleus tractus solitar-
ius) and travels upstream until it reaches the paraventricular nucleus where it finally modu-
lates the hypothalamic-pituitary—adrenal (HPA) axis [59].

Some authors proposed that an impairment in the gut-brain axis can be induced by stress. In
this regard, stressful situations lead to a vagal inhibition and an overactivation of the sympa-
thetic system. These conditions associated with other CNS-mediated responses involving the
modulation of the immune system and the HPA axis may be associated with the appearance
of a gastrointestinal immunoinflammatory response [58, 60]. For instance, during depression,
an elevation of alpha-TNF, IL-1, reactive C protein and haptoglobin and a decrease of IL-10,
TGE-B, albumin and transferrin are observed [61].

Therefore, there is a notable association between IBD and psychiatric disorders. New studies
are necessary to elucidate in which cases the psychiatric condition is the cause or the conse-
quence of IBD. This may help to understand pathophysiological aspects of IBD that are still
unknown and ultimately may allow better management of the disease.

8. Conclusion

IBD patients may suffer from different neurological manifestations during their disease. The
pathophysiological mechanisms involved in these complications are variable and, in many
cases, they are still unrecognized. Anyway, clinicians must stay focused on the early identi-
fication of IBD neurological complications and to rapidly establish the appropriate manage-
ment to prevent further impairment.

Author details

Julio Plata-Bello™* and Silvia Acosta-Lépez?
*Address all correspondence to: jplata5@hotmail.com
1 Department of Neurosurgery, Hospital Universitario de Canarias, S/C de Tenerife, Spain

2 Department of Gastroenterology and Hepatology, Hospital Universitario Nuestra Sefiora
de La Candelaria, S/C de Tenerife, Spain

References

[1] Abautret-Daly A, Dempsey E, Parra-Blanco A, Medina C, Harkin A. Gut-brain actions
underlying comorbid anxiety and depression associated with inflammatory bowel dis-
ease. Acta Neuropsychiatrica. 2017;8:1-22

[2] Burisch], Jess T, Martinato M, Lakatos PL. The burden of inflammatory bowel disease in
Europe. Journal of Crohn’s and Colitis. 2013;7(4):322-337

41



42

New Concepts in Inflammatory Bowel Disease

(3]

(4]

6]

[10]

[11]

(12]

[13]

(14]

[15]

[16]

Montoro MA, Garcia Pagén JC. Enfermedad inflamatoria intestinal. Enfermedad de
Crohn. In: Gastroenterologia y Hepatologia Problemas comunes en la practica clinica.
2nd ed. Madrid: Jarpyo Editores; 2012. pp. 443-458

Bermejo PE, Burgos A. Complicaciones neurologicas de la enfermedad inflamatoria
intestinal. Medicina Clinica (Barcelona). 2008;130(17):666-675

Geissler A, Andus T, Roth M, Kullmann F, Caesar I, Held P, et al. Focal white-matter
lesions in brain of patients with inflammatory bowel disease. Lancet (London, England).
1995 Apr;345(8954):897-898

Lindgren S, Lilja B, Rosén I, Sundkvist G. Disturbed autonomic nerve function in
patients with Crohn’s disease. Scandinavian Journal of Gastroenterology. 1991 Apr;26(4):
361-366

Marifio Sudrez JE, Monedero Recuero I, Peldez Laguno C. Deficiencia de vitamina B12 y
tratamiento por via oral. Una opcién tan eficaz como (todavia) poco utilizada. Atencién
Primaria. 2003;32(6):382-387

Bernstein CN, Eliakim A, Fedail S, Fried M, Gearry R, Goh K-L, et al. Update. Journal of
Clinical Gastroenterology. August 2015;50(10):803-818

Zezos P, Kouklakis G, Saibil F. Inflammatory bowel disease and thromboembolism.
World Journal of Gastroenterology. 2014;20(38):13863-13878

Benarroch HS, Acosta AV. Complicaciones vasculares asociadas a la enfermedad inflam-
atoria intestinal. Anales de Medicina Interna. 2003;20:81-84

Ashrafi MR, Hosseini F, Alizadeh H. Case report pseudotumor cerebri in a case of
ulcerative colitis with sagittal sinus thrombosis case presentation. Iranian Journal of
Pediatrics. 2013;23(1):109-112

Lloyd-Still JD, Tomasi L. Neurovascular and thromboembolic complications of inflam-
matory bowel disease in childhood. Journal of Pediatric Gastroenterology and Nutrition.
1989 Nov;9(4):461-466

Papa A, Gerardi V, Marzo M, Felice C, Rapaccini GL, Gasbarrini A. Venous thromboem-
bolism in patients with inflammatory bowel disease: Focus on prevention and treatment.
World Journal of Gastroenterology. 2014;20(12):3173-3179

Cho Y, Chae MK, Cha JM, Il L], Joo KR, Shin HP, et al. Cerebral venous thrombosis in a
patient with Crohn’s disease. Intestinal Research. 2016;14(1):96-101

Grainge MJ, West ], Card TR. Venous thromboembolism during active disease and remis-
sion in inflammatory bowel disease: A cohort study. Lancet. 2010;375(9715):657-663

Twig G, Zandman-Goddard G, Szyper-Kravitz M, Shoenfeld Y. Systemic thromboembo-
lism in inflammatory bowel disease: Mechanisms and clinical applications. Annals of the
New York Academy of Sciences. 2005 Jun;1051:166-173



[17]

(18]

[19]

(20]

[21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

Neurological Manifestations of Inflammatory Bowel Disease
http://dx.doi.org/10.5772/intechopen.73017

Liebman HA, Kashani N, Sutherland D, McGehee W, Kam AL. The factor V Leiden
mutation increases the risk of venous thrombosis in patients with inflammatory bowel
disease. Gastroenterology. 1998 Oct;115(4):830-834

Van Assche G, Dignass A, Reinisch W, van der Woude CJ, Sturm A, De Vos M, et al.
The second European evidence-based consensus on the diagnosis and management of
Crohn’s disease: Special situations. Journal of Crohn’s & Colitis. 2010 Feb;4(1):63-101

Van Assche G, Dignass A, Bokemeyer B, Danese S, Gionchetti P, Moser G, et al. Second
European evidence-based consensus on the diagnosis and management of ulcerative
colitis part 3: Special situations. Journal of Crohn’s & Colitis. 2013 Feb;7(1):1-33

Dentali F, Douketis JD, Gianni M, Lim W, Crowther MA. Meta-analysis: Anticoagulant
prophylaxis to prevent symptomatic venous thromboembolism in hospitalized medical
patients. Annals of Internal Medicine. 2007 Feb;146(4):278-288

Ahlehoff O, Gislason GH, Charlot M, Jergensen CH, Lindhardsen J, Olesen ]B, et al.
Psoriasis is associated with clinically significant cardiovascular risk: A Danish nation-
wide cohort study. Journal of Internal Medicine. 2011 Aug;270(2):147-157

Meune C, Touzé E, Trinquart L, Allanore Y. Trends in cardiovascular mortality in
patients with rheumatoid arthritis over 50 years: A systematic review and meta-analysis
of cohort studies. Rheumatology (Oxford, England). 2009 Oct;48(10):1309-1313

Svenungsson E, Jensen-Urstad K, Heimbiirger M, Silveira A, Hamsten A, de Faire U, et al.
Risk factors for cardiovascular disease in systemic lupus erythematosus. Circulation. 2001
Oct;104(16):1887-1893

Huang WS, Tseng CH, Chen PC, Tsai CH, Lin CL, Sung FC, et al. Inflammatory bowel
diseases increase future ischemic stroke risk: A Taiwanese population-based retrospec-
tive cohort study. European Journal of Internal Medicine. 2014;25(6):561-565

Kristensen SL, Ahlehoff O, Lindhardsen J, Erichsen R, Jensen GV, Torp-Pedersen C, et al.
Disease activity in inflammatory bowel disease is associated with increased risk of myo-
cardial infarction, stroke and cardiovascular death— A Danish nationwide cohort study.
PL0S One. 2013;8(2):€56944

Sy A, Khalidi N, Dehghan N, Barra L, Carette S, Cuthbertson D, et al. Vasculitis in patients
with inflammatory bowel diseases: A study of 32 patients and systematic review of the
literature. Seminars in Arthritis and Rheumatism. 2016 Feb;45(4):475-482

Akiyama S, Fujii T, Matsuoka K, Yusuke E, Negi M, Takenaka K, et al. Endoscopic fea-
tures and genetic background of inflammatory bowel disease complicated with Takayasu
arteritis. Journal of Gastroenterology and Hepatology. 2017 May;32(5):1011-1017

Reny J-L, Paul J-F, Lefébvre C, Champion K, Emmerich J, Blétry O, et al. Association of
Takayasu'’s arteritis and Crohn’s disease. Results of a study on 44 Takayasu patients and
review of the literature. Annales de Medecine Interne. 2003 Mar;154(2):85-90

43



44 New Concepts in Inflammatory Bowel Disease

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Terao C, Matsumura T, Yoshifuji H, Kirino Y, Maejima Y, Nakaoka Y, et al. Takayasu
arteritis and ulcerative colitis: high rate of co-occurrence and genetic overlap. Arthritis
& Rheumatology (Hoboken, NJ). 2015 May;67(8):2226-2232

Scheid R, Teich N. Neurologic manifestations of ulcerative colitis. European Journal of
Neurology. 2007 May;14(5):483-493

Raj N, Arkebauer M, Waters B, Dickinson B. A case of cerebral vasculitis associated with
ulcerative colitis. Case Reports in Rheumatology. 2015;2015:598273

Lossos A, River Y, Eliakim A, Steiner I. Neurologic aspects of inflammatory bowel dis-
ease. Neurology. 1995 Mar;45(3 Pt 1):416-421

Rang EH, Brooke BN, Hermon-Taylor J. Association of ulcerative colitis with multiple
sclerosis. Lancet (London, England). 1982 Sep;2(8297):555

Marrie RA, Reider N, Cohen ], Stuve O, Sorensen PS, Cutter G, et al. A systematic review
of the incidence and prevalence of autoimmune disease in multiple sclerosis. Multiple
Sclerosis. 2015 Mar;21(3):282-293

Gupta G, Gelfand JM, Lewis JD. Increased risk for demyelinating diseases in patients
with inflammatory bowel disease. Gastroenterology. 2005 Sep;129(3):819-826

Kosmidou M, Katsanos AH, Katsanos KH, Kyritsis AP, Tsivgoulis G, Christodoulou D,
et al. Multiple sclerosis and inflammatory bowel diseases: A systematic review and
meta-analysis. Journal of Neurology. 2017 Feb;264(2):254-259

Singh S, Kumar N, Loftus EV, Kane SV. Neurologic complications in patients with
inflammatory bowel disease: increasing relevance in the era of biologics. Inflammatory
Bowel Disease. 2013;19(4):864-872

Ramos-Casals M, Roberto-Perez-Alvarez, Diaz-Lagares C, Cuadrado M-J, Khamashta
MA, BIOGEAS Study Group. Autoimmune diseases induced by biological agents: A
double-edged sword? Autoimmunity Reviews. 2010 Jan;9(3):188-93

Mohan N, Edwards ET, Cupps TR, Oliverio PJ, Sandberg G, Crayton H, et al. Dem-
yelination occurring during anti-tumor necrosis factor alpha therapy for inflammatory
arthritides. Arthritis and Rheumatism. 2001 Dec;44(12):2862-2869

van Oosten BW, Barkhof F, Truyen L, Boringa JB, Bertelsmann FW, von Blomberg BM,
et al. Increased MRI activity and immune activation in two multiple sclerosis patients
treated with the monoclonal anti-tumor necrosis factor antibody cA2. Neurology. 1996
Dec;47(6):1531-1534

Dolapcioglu C, Guleryuzlu Y, Uygur-Bayramicli O, Ahishali E, Dabak R. Asymptomatic
brain lesions on cranial magnetic resonance imaging in inflammatory bowel disease.
Gut Liver. 2013 Mar;7(2):169-174

Hart PE, Gould SR, MacSweeney JE, Clifton A, Schon F. Brain white-matter lesions in
inflammatory bowel disease. Lancet (London, England). 1998 May;351(9115):1558



[43]

[44]

[45]

[46]
[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Neurological Manifestations of Inflammatory Bowel Disease
http://dx.doi.org/10.5772/intechopen.73017

Elsehety A, Bertorini TE. Neurologic and neuropsychiatric complications of Crohn’s dis-
ease. Southern Medical Journal. 1997 Jun;90(6):606-610

Masaki T, Muto T, Shinozaki M, Kuroda T. Unusual cerebral complication associated
with ulcerative colitis. Journal of Gastroenterology. 1997 Apr;32(2):251-254

Fagan C, Phelan D. Severe convulsant hypomagnesaemia and short bowel syndrome.
Anaesthesia and Intensive Care. 2001 Jun;29(3):281-283

Shorvon S, Andermann F, Guerrini R. The causes of epilepsy. In 2011. pp. 590-1

Benavente L, Moris G. Neurologic disorders associated with inflammatory bowel dis-
ease. European Journal of Neurology. 2011;18(1):138-143

Gondim FAA, Grannagan TH, Sander HW, Chin RL, Latov N. Peripheral neuropathy in
patients with inflammatory bowel disease. Brain. 2005;128(4):867-879

Deepak P, Stobaugh DJ, Sherid M, Sifuentes H, Ehrenpreis ED. Neurological events with
tumour necrosis factor alpha inhibitors reported to the Food and Drug Administration
adverse event reporting system. Alimentary Pharmacology & Therapeutics. 2013 Aug;
38(4):388-396

Pfeiffer RF. Gastroenterology and neurology. Continuum (Minneap Minn). 2017;23(3,
Neurology of Systemic Disease):744-61

Moris G. Inflammatory bowel disease: An increased risk factor for neurologic complica-
tions. World Journal of Gastroenterology. 2014;20(5):1228-1237

Graff LA, Walker JR, Bernstein CN. Depression and anxiety in inflammatory bowel dis-
ease: A review of comorbidity and management. Inflammatory Bowel Diseases. 2009
Jul;15(7):1105-1118

Nowakowski ], Chrobak AA, Dudek D. Psychiatric illnesses in inflammatory bowel
diseases—Psychiatric comorbidity and biological underpinnings. Psychiatria Polska.
2016;50(6):1157-1166

Bannaga AS, Selinger CP. Inflammatory bowel disease and anxiety: Links, risks, and
challenges faced. Clinical and Experimental Gastroenterology. 2015;8:111-117

Panara A]J, Yarur AJ, Rieders B, Proksell S, Deshpande AR, Abreu MT, et al. The inci-
dence and risk factors for developing depression after being diagnosed with inflam-
matory bowel disease: A cohort study. Alimentary Pharmacology & Therapeutics. 2014
Apr;39(8):802-810

Walker JR, Ediger JP, Graff LA, Greenfeld JM, Clara I, Lix L, et al. The Manitoba IBD
cohort study: A population-based study of the prevalence of lifetime and 12-month anxi-
ety and mood disorders. The American Journal of Gastroenterology. 2008 Aug;103(8):
1989-1997

Eaton WW, Pedersen MG, Nielsen PR, Mortensen PB. Autoimmune diseases, bipolar
disorder, and non-affective psychosis. Bipolar Disorders. 2010 Sep;12(6):638-646

45



46 New Concepts in Inflammatory Bowel Disease

[58]

[59]

[60]

[61]

Bonaz BL, Bernstein CN. Brain-gut interactions in inflammatory bowel disease. Gas-
troenterology. 2013 Jan;144(1):36-49

Benarroch EE. The central autonomic network: Functional organization, dysfunction,
and perspective. Mayo Clinic Proceedings. 1993 Oct;68(10):988-1001

Ghia J-E, Blennerhassett P, Deng Y, Verdu EF, Khan WI, Collins SM. Reactivation of
inflammatory bowel disease in a mouse model of depression. Gastroenterology. 2009
Jun;136(7):2280-8.e1-4

Martin-Subero M, Anderson G, Kanchanatawan B, Berk M, Maes M. Comorbidity
between depression and inflammatory bowel disease explained by immune-inflamma-
tory, oxidative, and nitrosative stress; tryptophan catabolite; and gut-brain pathways.
CNS Spectrums. 2016 Apr;21(2):184-198



Section 4

Therapy of Inflammatory Bowel Disease







Chapter 4

Nutritional Therapy for Inflammatory Bowel Disease

Rok Orel, Evgen Benedik, Janez Erzen,
Anija Orel and Darja Urlep

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.73259

Abstract

The components of a diet influence intestinal microbiota, epithelial barrier function,
immune system, and many other factors that play important role in both development
and treatment of inflammation in gastrointestinal tract. We briefly review potential role
of specific dietary compounds as a risk or protective factor, but we predominantly con-
centrate on nutritional status and nutritional intervention in patients with inflammatory
bowel disease. Besides exclusive enteral nutrition as a potential first-line treatment in
active Crohn’s disease, other nutritional therapeutic modalities such as partial enteral
nutrition, parenteral nutrition, diets based on carbohydrate modifications, anti-inflam-
matory diet, and the use of specific dietary compounds with anti-inflammatory proper-
ties, known as pharmaconutrition, are presented.

Keywords: inflammatory bowel disease, Crohn’s disease, ulcerative colitis, nutrition,
nutritional therapy

1. Introduction

The exact etiology and pathophysiologic mechanisms of inflammatory bowel diseases (IBD)
are not completely explained, but the complex interplay among genetic background, envi-
ronmental factors, intestinal microbiota, and immune system seems to be implemented. The
incidence and prevalence of both types of IBD, Crohn’s disease (CD) and ulcerative colitis
(UC), has dramatically increased in western countries and in developed Asian countries in
the last 50 years [1]. In addition, several epidemiologic studies revealed that the incidence of
IBD in descendants of immigrants from the parts of the world with low incidence to the coun-
tries with high incidence resembles the one of the native population and not of the county
of their origin [2, 3]; these points to the crucial role of environmental factors/changes in IBD
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epidemics. The potential influences of specific factors such as changes in hygiene/sanitation,
decreased exposure to infectious agents, smoking, water and air pollution, psychological
stress, and an increased use of certain drugs have all been proposed and are reviewed else-
where [4, 5]. An increasing body of evidence is linking IBD with diet.

Dietary constituents and their proportions can affect human physiology directly. However,
intestinal microbiota, recently recognized as an essential component of metabolism, immune and
neuroendocrine regulation, is also importantly influenced by diet. For example, intestinal micro-
biota of African children, whose diet is based on fiber-rich, plant-derived diet, was found to be
vastly different to microbiota of their European peers, who consume diet rich in sugar, diary, fat,
and protein [6]. Animal studies revealed that change from low-fat, high-fiber diet to “Western
style” diet rich in fat and sugar resulted in substantial shift in microbiota within a single day [7].
Changes in composition and function of intestinal microbiota because of specific dietary pat-
terns may lead to a state not favorable for host organism, defined as dysbiosis. Numerous stud-
ies have shown that gut microbiota of IBD patients substantially differs from the one of healthy
individuals and that these changes may play a crucial role in the development and activity of
the disease [8]. Enteric microbiota plays an essential role in metabolizing nutrients, especially
those not completely digestible by human digestive enzymes, such as fiber, resulting in produc-
tion of diversity of biologically active components, such as short chain fatty acids (SCFAs) and
intestinal gases. A study from Japan showed that people living in rural areas consuming tradi-
tional Japanese food have more abundant Bifidobacteria, which are recognized as an important
producer of SCFAs, than urban population eating western-type diet [9]. Western-type diets, rich
in saturated fat and protein and poor in plant fiber, result in depletion of Firmicutes, which
are involved in metabolism of plant polysaccharides, and decrease in SCFA production [10].
On the other hand, this kind of diet promotes growth of proteolytic bacteria, such as Bilophila
wadsworthia and other bile tolerant microbes, which use proteins and bile acids as a source of
organic sulfur and produce hydrogen sulfide (H2S). H2S can be genotoxic, modulate expression
in cell cycle progression, trigger inflammatory response, and impair DNA repair [8].

Direct effects of relative abundancy/deficiency of specific nutrients and changes in compo-
sition and functioning of intestinal microbiota can lead to impairment of intestinal barrier
function, including decreased resistance to invasion of pathobionts, dysfunction of innate,
and adaptive immune system that finally results in chronic inflammation and tissue damage
characteristic for IBD.

In this chapter, we try to review current knowledge about the effects of specific food compo-
nents on IBD concentrating on clinical evidence about efficacy of different dietary interven-
tions in IBD patients.

2. Role of specific food constituents

Most of our knowledge about the influence of specific food ingredients on intestinal func-
tion, development of inflammation, and IBD in particular originates either from animal model
experiments or from epidemiological studies.
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2.1. Fats

There is a growing evidence that some types of fat act pro-inflammatory, while the others pro-
tect against development of intestinal inflammation. Several big epidemiologic studies, such as
European Investigation into Cancer and Nutrition Study (EPIC) and the Nurses’ Health Study
have pointed to an increased risk of IBD among people who consume greater amounts of meat
and fats, particularly polyunsaturated fatty acids and omega-6 fatty acids [11-13]. The EPIC
study revealed an association between greater consumption of an omega-6 polyunsaturated
fatty acid (PUFA), linoleic acid, present in high concentrations in red meat, cooking oils, and
margarine and higher incidence of UC. In contrast, people who consumed higher levels of
omega-3 PUFA docosahexaenoic acid (DHA) were less likely to develop UC [11-13]. Similarly,
consumption of large quantities of nuts and fish, which are rich in omega-3 PUFA such as
DHA, eicosapentaenoic acid (EPA), and docosapentaenoic acid (DPA), was shown to lower the
risk for CD [14]. Omega-3 fatty acids were shown to have an anti-inflammatory, antithrom-
botic, antiarrhythmic, and hypolipemic effect [15]. There was also a significantly reduced risk
for CD when ratio of long-chain omega-3/arachidonic acid was high in the consumed food [14].

In conclusion, it seems that diet rich in animal fats and particularly omega-6 PUFA promotes
dysbiosis and intestinal inflammation that may lead to development of IBD in genetically
susceptible hosts. On the other hand, omega-3 PUFA seems to play a protective role and may
even promote anti-inflammatory mechanisms.

2.2. Proteins

As already mentioned, several epidemiologic studies revealed an association between consump-
tion of large quantities of meat and increased risk for IBD [11-13]. It is not clear whether this
association was only due to increased intake of fats or also of proteins, as the results of the studies
regarding the role of proteins in IBD were conflicting [13]. In one study, high intake of proteins
found in meat but not in dairy products was found to be positively associated with IBD [16].

Among the specific proteins and peptides, the effects of gluten-derived proteins were particularly
attentive. In animal model, gluten-fortified experimental diet induced chronic ileitis [17]. They
found reduced occludin expression levels, and these findings suggest a negative role of gluten
on intestinal barrier integrity. Experiments on intestinal epithelial cell lines showed that gliadin
induces an increase in intestinal permeability due to zonulin release by binding to the chemokine
receptor CXCR3 [18]. Zonulin is the physiologic modulator of tight junctions that regulate intesti-
nal permeability through the epithelial paracellular pathway. Its upregulation in genetically sus-
ceptible individuals may lead to different immune-mediated diseases [19]. It was observed that
intestinal permeability increased after gliadin exposure not only in patients with celiac disease or
nonceliac gluten sensitivity but, although to a lesser extent, also in healthy subjects [20].

2.3. Carbohydrates

Many epidemiological studies pointed out that excessive consumption of simple carbohy-
drates, refined sugars, sweet carbonized drinks, or even artificial sweeteners might represent
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a risk factor for the development of IBD; however, as many others failed to prove this associa-
tion [21]. Individual studies even showed that low complex carbohydrates and low refined
sugar intake significantly improved laboratory inflammatory markers and fecal calprotectin
in patients with IDB [22].

On the other hand, consummation of vegetables and fruits rich in both soluble and insolu-
ble fiber has been shown to be negatively associated with IBD [14, 23, 24]. Animal studies
confirmed that plant polysaccharides and poorly digestible fibrous plant components have
reduced features of experimental colitis [25]. Fermentable fiber is fermented by saccharolytic
gut microbiota, resulting in increased production of SCFAs. SCFAs, especially butyrate, are
utilized not only as fuel sources for colonocyte that results in enhancement of the intestinal
barrier, but also possess anti-inflammatory effect, mainly through inhibition of the produc-
tion and release of inflammatory mediators [26, 27]. In addition, some vegetables like broccoli
and cabbage are thought to activate the aryl hydrocarbon receptor (AhR), which is highly
expressed by intestinal intraepithelial lymphocytes and is involved in immune regulation and
defense against attacks of luminal microorganisms [28]. Overall, refined and processed car-
bohydrates and intake of sweetened beverages are thought to be risk factors for developing
IBD, while complex carbohydrates like vegetables, fruit, and fiber showed to be protective.

2.4. Food additives

It has been hypothesized that emulsifiers, detergent-like molecules that are a ubiquitous compo-
nent of processed foods, can disrupt intestinal mucus layer, increase intestinal permeability, and
enable bacterial translocation across epithelia [29]. In mice, relatively low concentrations of two
commonly used emulsifiers, carboxymethylcellulose and polysorbate-80, induced low-grade
inflammation in wild-type hosts and promoted robust colitis in mice predisposed to IBD [30].

Maltodextrin, a polysaccharide derived from starch hydrolysis, was found to promote adher-
ent-invasive E coli (AIEC) biofilms and increase adhesion of AIEC strains to intestinal epithe-
lial cells and macrophages [31]. Strains of AIEC have been isolated from the ileum and the
colon of CD patients [32, 33].

Therefore, consumption of maltodextrin and emulsifiers may possibly support growth of
intestinal pathobionts, such as AIEC and their translocation across epithelial barrier, where
they could survive in macrophages and lead to chronic inflammation.

3. Nutritional status of IBD patients

According to available data, malnutrition affects 65-75% of patients with CD and 18-62% of
patients with UC [34, 35]. In pediatric IBD patients, malnutrition frequently results not only
in weight loss but also in growth retardation [36, 37].

Main reason for malnutrition in IBD patients is insufficient food intake due to the loss of
appetite and avoidance of certain foods presumably worsening the symptoms, resulting
in prolonged restrictive diets [38, 39]. Intestinal inflammation and inflammatory cytokines
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released from immune cells can damage epithelial integrity and impair absorption of nutri-
ents. In addition, bacterial overgrowth and increased intestinal mobility may contribute to
malabsorption [40, 41]. Fat and fat-soluble vitamin absorption may be especially impaired in
CD patients when terminal ileum is seriously affected due to the biliary salt malabsorption
[42]. Some of the medications used for IBD treatment, such as glucocorticoids, sulfasalazine,
and immune system suppressants, could have a negative impact on micronutrient absorption
and utilization [34, 42]. It should be noted that IBD patients with active inflammation have
increased metabolic rate, which leads to increased energy expenditure [36, 37, 43].

An important aspect of malnutrition in IBD patients is alteration of body composition. Fat
mass (FM) consists of adipose tissues (both visceral and subcutaneous) while fat-free mass
(FFM) consists of water, proteins, minerals, and other components [35]. Clinical studies
revealed an important reduction of both FM and FFM in active phase of IBD. However, it was
also reported that FM was frequently recovered during remission phase, while FFM remained
depleted [35].

Malnutrition, immobility, low protein synthesis, and increased proteolysis due to inflamma-
tion are the main mechanisms leading to sarcopenia, a progressive and generalized loss of
skeletal muscle mass and strength with risk of poor quality of life and physical disability [44].
Sarcopenia has various negative health consequences such as pathological fractures due to
bone demineralization, cardiovascular disease, and higher probability of hospitalization [44].

Several studies reported that despite aforementioned causes leading to malnutrition in IBD,
one-third of the patients are obese, the proportion is similar in CD and UC patients [45, 46].
Obese IBD patients do not have worst long-term clinical outcome than normal weight patients
[47]. However, simultaneous presence of sarcopenia and obesity, so-called sarcopenic obesity,
is related to a fast functional decline of patient’s status, with a high risk of morbidity, disabil-
ity, and mortality [44].

Micronutrient and vitamin deficiencies are common in IBD patients. Preventions of those
deficiencies are mandatory for avoidance of possible clinical complications. The most com-
mon micronutrient deficiencies described in IBD patients are known for iron, calcium, sele-
nium, zinc, magnesium, and vitamins, in particular B12, folic acid, A, D, and K [34, 42].

One of the important features of IBD is anemia. Its prevalence in pediatric patients is up to
70% and in adult patients up to 50% [48]. The most frequent cause of anemia in IBD patients
is iron deficiency (prevalence estimated in 36-90% of CD and UC patients), following vitamin
B12 (prevalence estimated in 22% of CD and 3% of UC patients) [34, 49], and folic acid (vita-
min B9) deficiencies (prevalence estimated in 29% of CD and 9% of UC patients) [50]. These
deficiencies are the consequence of bleeding from mucosal lesions, inadequate dietary intake,
impaired absorption and utilization, surgery (ileal resection greater than 60 cm will develop
B12 deficiency), systemic inflammation, and medications [37, 50, 51].

Calcium and Vitamin D deficiency are often in IBD patients, especially in those with duodenal
and jejunal disease, when their absorption is disturbed [34, 42]. Their prevalence is 70% in CD
and 40% in UC patients. Besides its influence on bone metabolism, vitamin D have important
role in preserving mucosal integrity and mucosal healing capacity. In case of its deficiency, the

53



54 New Concepts in Inflammatory Bowel Disease

risk for mucosal damage and for IBD is higher [34, 42]. It was shown that high levels of active
vitamin D not only reduce the risk of developing CD, but also the risk of developing UC [52, 53].

Vitamin A deficiency in IBD patients is high up to 90%. Vitamin A deficiency results in
impaired wound healing, night blindness, and xerophthalmia [34, 42].

Vitamin K deficiency in IBD patients is also reported, but the prevalence is unknown. Most
important source of vitamin K is intestinal production by gut microbiota. Dysbiosis, use of
antibiotics, and malabsorption may contribute to this deficiency [34, 42].

Inadequate dietary intake and chronic loss because of diarrhea are the main reasons for sele-
nium, zinc, and magnesium deficiencies in IBD patients for which the exact prevalence is
not known. Symptoms associated with deficiencies include bone health impairment, cartilage
degeneration, fatigue, and poor wound healing [34, 42].

4, Nutritional intervention

EEN has been evaluated in a number of clinical studies including randomized controlled
trials (RCTs) that compared EEN to CS in adult and pediatric populations of patients with
active CD. To date, eight meta-analyses have been published on the efficacy of EEN versus
CS. Among these meta-analyses, three of them were performed exclusively on the pediatric
population while others included adult patients as well. While meta-analyses of adult stud-
ies have suggested better efficacy of CS, pediatric studies have shown that EEN is at least as
effective as CS in inducing remission and is superior to CS in improving nutritional status and
growth recovery without adverse side effects [54].

The main goals of nutritional intervention in IBD patients are treatment and prevention of
malnutrition, treatment of active inflammation and maintaining remission in Crohn’s disease,
and symptomatic treatment in specific situations [55].

Regular evaluation of nutritional status, early detection of specific deficits and specific risk
factors are crucial for adequate nutritional treatment. Anthropometric measurements and
basiclaboratory tests, such as hemoglobin concentration and markers of inflammation, should
be checked regularly at every visit, while the frequency of albumin, ferritin, vitamin, and
trace element concentration checkout depends on the activity of the disease, but should be
done at least once a year when the disease is quiescent [55]. Periodical evaluation of detailed
body composition and bone mineral density is recommended. Bioimpedance (BIA) and dual-
energy X-ray absorptiometry (DEXA) are considered as the gold standard for measuring body
composition [56]. A dietary history and, sometimes, prospective dietary record are necessary
to get a good estimate of food intake. We should be aware that many patients develop special
dietary habits due to their belief that consumption of specific foods (e.g., dairy, meat, fruit,
and vegetables) results in symptoms or even worsen the disease course, which may addition-
ally contribute to the development of nutritional deficiencies [57].

With the exception of the ECCO/ESPGHAN recommendations to use exclusive enteral nutrition as
a first-line therapeutic approach in children with active CD [58], the strict guidelines for nutritional
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intervention in IBD does not exist. However, many different dietary approaches have been devel-
oped and studied, with intention to alleviate patients” symptoms or even treat the disease.

4.1. Exclusive and partial enteral nutrition

Exclusive enteral nutrition (EEN) means that 100% of a person’s nutritional requirements
is provided by a liquid nutritional formula either orally or via a feeding tube. Numerous
studies have shown that the treatment of active CD with exclusive enteral nutrition (EEN),
especially in children, is as effective as corticosteroids in inducing remission. EEN, used as
monotherapy, can induce remission in up to 80% of patients with active CD [59, 60]. It is well
established that treatment with EEN is capable of achieving mucosal healing. On the contrary,
corticosteroids have poor ability to induce mucosal healing [61]. In comparison to therapy
with drugs, EEN has no adverse effects and, even more importantly, improves growth, and
reverses malnutrition [58]. Therefore, according to the ECCO/ESPGHAN guidelines for treat-
ment of pediatric CD patients, EEN is recommended as a first-line treatment in children and
adolescents with active CD [58]. Meta-analysis of the results of the studies using ENN for the
therapy of active CD in adult CD patients indicated that it was less effective than steroids in
inducing remission; however, this conclusion was based on intention-to-treat analysis [62].
However, when only the results of the patients who completed the course of EEN were ana-
lyzed, the remission rates were comparable to those achieved by steroids [63].

EEN is usually provided for 6-8 week, and then a normal diet is gradually reintroduced.
Enteral formulas are differentiated by the structure of their protein content. Elemental diets
contain no intact protein, but only amino acids. Semielemental diets are based on peptides of
varying lengths. Polymeric formulas contain whole proteins and are therefore more palatable
in comparison with elemental diets [64]. Protocols of EEN may be different regarding the
composition of the enteral formula and route of administration. Elemental diets often require
a feeding tube to administer due to their poor palatability. In addition, polymeric formulas
are reported to cost less. Various studies and a large meta-analysis later demonstrated that
polymeric formulas were as effective as elemental formulas [65].

Although EEN has been shown to be efficacious, its mechanism of action remains unknown.
Possible mechanisms include a change in gut microbiota, bowel rest, dietary antigen elimina-
tion, improvement in the nutritional status, and potential anti-inflammatory properties of
specific ingredients of enteral formulas. Currently, the modification of gut microbiota seems
to be the most probable proposed mechanism for ENN efficacy. The next very important
mechanism may be associated with exclusion of potentially harmful food ingredients [60].

One of the proposed challenges influencing acceptance of EEN is the restriction of other oral
food intake, which may seriously limit compliance with the EEN protocol [66]. Therefore,
studies on partial enteral nutrition (PEN), which allows patients with active CD to consume a
part of their daily caloric needs from a normal diet, have been conducted.

The results reported from the first study on the efficacy of PEN did not indicate that PEN pro-
viding 50% of caloric needs by formula was effective for induction of remission in pediatric
CD [67]. However, the results of some recently published studies are more promising. Israeli
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authors combined PEN with Crohn’s Disease Exclusion Diet (CDED) [68]. CDED is a struc-
tured diet, which excludes animal fats, milk and dairy, gluten, and all processed and canned
foods, which contain additives, especially emulsifiers and maltodextrin. The authors hypoth-
esize that the major mechanism leading to response to EEN used in children with active CD
is exclusion of specific dietary factors, which may have a negative impact on mucous layer,
intestinal permeability, and colonization with adherent-invasive E coli (AIEC). The study pro-
tocol allowed patients to consume up to 50% daily calories from CDED. Response and remis-
sion were obtained in 78.7 and 70.2% patients, respectively. Different approaches using PEN
was developed at the Children’s Hospital of Philadelphia [69]. The patients receive 80-90%
of their energy input from EN, but they were allowed to consume remaining calories from a
normal diet. Retrospective analysis revealed remission rate of 65% and response rate of 87%,
which is comparable with the remission rates from the studies using EEN. Further studies are
needed to elucidate the efficacy of this treatment approach.

One of the problems of CD therapy with EEN is that disease relapses relatively frequently
soon after stopping EN when the patients are not receiving maintenance therapy. Several
studies using PEP as a maintenance therapy either alone or in combination with drugs were
performed in both pediatric and adult patients with CD. The results of the majority of these
studies, as well as their systematic reviews [70-72], showed that the relapse rate during obser-
vational period was significantly lower in patients using PEP compared with those consum-
ing regular unrestricted diet and that efficacy of maintenance therapy with PEP might be
comparable to standard therapy with drugs. In addition, nutritional status as well as linear
growth of children with CD was found to be better in those using PEP during remission in
comparison with patients on regular diet [73].

4.2. Total parenteral nutrition

In the 1980s, total parenteral nutrition (TPN) was used to treat patients with moderate to
severe CD. The aim of TPN as primary therapy for IBD was to achieve bowel rest, to cor-
rect nutritional deficits, and to remove antigenic mucosal stimuli [74, 75]. In the 1990s, treat-
ment with exclusive enteral nutrition (EEN) was shown to have similar or even better results
in terms of remission rate in active CD disease. When TPN and ENN are compared, TPN
is associated with higher costs and significant risk of serious adverse events including sep-
sis. Therefore, TPN should be restricted to patients who cannot be adequately fed by enteral
route, mainly those with gut failure and short-bowel syndrome [76].

According to recent ESPEN guidelines on clinical nutrition in IBD, TPN is indicated only
when EN has failed or it is impossible to be administered [77].

4.3. Diets based on carbohydrate modifications

Low-fiber or even so-called low-residue diets are frequently recommended during acute
exacerbations of IBD [78]. While a low-fiber diet excludes only insoluble fiber, a low-residue
diet requires exclusion of not only all vegetables, fruits, whole grains, legumes, but also dairy
products and fibrous meat [79]. A basic idea behind these diets is that they reduce the volume
and frequency of stools as well as the risk of intestinal obstruction. Although these diets are
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usually prescribed for a short-term use, many patients continue with them for a long period
of time. Objective studies failed to find any difference in severity of symptoms, number of
complications, and needs for hospitalization or surgery between patients using such diets and
those consuming unrestricted diet [80]. As already mentioned, indigestible carbohydrates,
especially the fermentable ones may play an important protective role in IBD, as they repre-
sent the main substrate for production of SCFAs by intestinal bacteria. The only patients that
may benefit from fiber restriction are those with strictures and obstructive symptoms.

Significant proportion of IBD patients also suffers from functional irritable bowel syndrome-
like symptoms even in remission independently of actual level of the inflammation [81]. Low
fermentable oligosaccharide, disaccharide, monosaccharide, and polyol (FODMAP) diet
results in symptom relief in many of such patients [82]. However, low-FODMAP diet is very
restrictive, so it should be carefully planned by professional dietetics to prevent development
of specific nutritional deficiencies. In addition, the influence of low-FODMAP diet on the
microbiome, metabolism, and inflammation in patients with IBD is still unclear.

On the other side, several studies using fiber-rich supplements such as wheat or oat bran
[83, 84], psyllium [85, 86], and germinated barley foodstuff [87, 88] revealed their efficacy
in symptomatic improvement and in decreasing disease activity indices either in CD or UC
patients. Moreover, reduced concentrations of inflammatory cytokines, such as TNF-a, IL-6,
and IL-8, pointed to the possible anti-inflammatory effect of dietary fiber, probably through
their influence on microbiota and SCFA production [89].

Another diet, based mainly not only on restriction of specific carbohydrates but also on some
other foods, called the specific carbohydrate diet (SCD) was developed in the 1920s [90]. Since
then, this diet has been used in a variety of different conditions, including IBD, irritable bowel
syndrome, celiac disease, and autism [91]. The SCD restricts all carbohydrates except mono-
saccharides: glucose, fructose, and galactose. This diet is based on a hypothesis that complex
carbohydrates may induce intestinal dysbiosis resulting in the development of inflammation
[92]. While fresh or cooked fruits, vegetables, and legumes are in general acceptable, all grains
as well as potatoes should be omitted. In more restrictive versions of SCD, even milk and dairy
products, refined sugar and artificial sweeteners, corn, and maple syrup are prohibited. In addi-
tion, all-otherwise permitted food should not be processed (canned, smoked, etc.) and should
not contain potentially harmful additives [91]. Several relatively small studies found out that
SCD alone without taking medications may lead to clinical improvement, reflected by symp-
tom disappearance and significant reduction of laboratory markers of inflammation, in some
patient with active CD [91, 93]. However, recently published study using endoscopic evaluation
before and after the treatment with SCD revealed that despite some clinical effect, complete
mucosal healing was never achieved [94].

4.4. IBD-anti-inflammatory diet

Recently, an investigator group from USA developed the IBD-anti-inflammatory diet
(IBD-AID) to be offered to IBD patients who are refractory to pharmacological therapy,
or for whom the treatment is not as effective as desired [95]. The IBD-AID has five basic
components. The first is the restriction of certain carbohydrates, including lactose, and
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refined or processed complex carbohydrates. The second is the use of pre- and probiotics
and foods rich in the components that help to restore the balance of the intestinal micro-
biota (e.g., soluble fiber, leeks, onions, and fermented foods). The third is distinctive use
of saturated, trans-, mono-, and polyunsaturated fats. The fourth principle is to review the
overall dietary pattern, detect missing nutrients, and identify specific food intolerances.
The last component is a modification of food textures to improve absorption of nutrients
and to minimize the adverse effect of intact fiber. In practice, the IBD-AID consists of lean
meats, poultry, fish, omega-3 eggs, particular sources of carbohydrates, select fruits and
vegetables, nuts, and legume flours, but restricts the consumption of wheat, rye, and bar-
ley products as well as milk and dairy products other than yogurt, kefir, and limited aged
cheeses. A retrospective review of their case series including both patients with CD and UC
revealed that approximately one-third of the patients chose not to attempt this diet, while
the vast majority of those who followed the diet for 4 weeks or more reported symptom
reduction and were able to discontinue at least one of their prior IBD medications [95].
However, randomized clinical trials are needed to properly elucidate the efficacy of this
treatment regimen.

4.5. Pharmaconutrition

Several studies have shown that specific nutrients when supplemented in quantities exceed-
ing their nutritional role may affect the immune system, metabolism, and gastrointestinal
structure and function. Such examples are some amino acids like glutamine, arginine and
tryptophan [96], omega-3 PUFA [97], vitamin D [98], and curcumin [99].

Glutamine and arginine are thought to be immunomodulatory and could be involved in medi-
ating responses to metabolic stress. Studies on animal models revealed that they improved
biochemical and clinical parameters of chemical-induced colitis [100]. Histamine, a biogenic
amine derived from the amino acid histidine, reduced symptoms of experimental immune-
mediated colitis [101]. Similarly, threonine reduced features of colitis and enhanced intesti-
nal mucus production, which in turn leads to better barrier function [102, 103]. Tryptophan,
another essential amino acid, also possesses strong anti-inflammatory effect both by direct
action on intestinal and immune system cells and indirectly serves as a precursor for sero-
tonin and melatonin [103]. A detailed review on the effects of specific amino acids on intesti-
nal inflammation can be found elsewhere [96]. Although these amino acids may have some
positive effect in IBD patients, their efficacy has not been adequately studied yet.

Omega-3 PUFA negatively affects intestinal inflammation through several mechanisms. [97].
They can act as a substrate for anti-inflammatory eicosanoid production, as well as a substrate
for the synthesis of resolvins, maresins, and protectins, engaged in resolution of inflammatory
process. On the other hand, they reduce production of pro-inflammatory cytokines such as
TNF-a, decrease expression of adhesion molecules and possess antioxidative and chemopro-
tective properties. The results of clinical trials using omega-3 PUFA in patients with either
CD or UC were inconsistent. Cochrane review, considering the use of omega-3 PUFA for
maintenance treatment published in 2011, revealed a small but significant benefit in CD, but
not in UC patients [104].
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Besides its role in calcium metabolism and bone mineralization, vitamin D is regarded as an
important anti-inflammatory agent. It regulates immune cells trafficking and differentiation,
intestinal permeability, and antimicrobial peptide synthesis [98]. Several studies revealed
an inverse association between serum concentration of 25-hydroxy-vitamin D and mucosal
inflammation in IBD patients [105, 106]. Therefore, supplementation in IBD patients with low
serum level of vitamin D seems mandatory. In a randomized controlled trial, a maintenance
dose of 1200 IU/day, regardless of vitamin D status at entry, reduced a relapse rate in patients
with CD [107].

Curcumin is the active compound found in turmeric. It possesses anti-inflammatory, anti-oxi-
dant, anticancer, and neuroprotective properties [99]. Several studies and systematic reviews
reveal that supplementation with curcumin when provided simultaneously with medications
is both effective and a safe option for maintenance treatment of UC [108, 109].

5. Conclusion

Nutritional intervention is an important part of the treatment in IBD patients. Goals of nutri-
tional intervention exceed provision of energy, macronutrients, and micronutrients to ensure
adequate nutritional status of the patients. Recognition of the ability of specific food ingre-
dients to interfere with the disease mechanisms has led to the development of several thera-
peutic approaches based on a diet modification. However, only the effectiveness of exclusive
enteral nutrition in active CD has been proven enough to find place in different international
therapeutic guidelines. As this kind of diet is difficult to keep for a prolonged period of time,
other potential options such as partial enteral nutrition and restriction or even exclusion of
potentially harmful foods with simultaneous increased intake of food ingredients that poten-
tially interfere with different pathologic mechanisms seem extremely promising. However,
we need to confirm the efficacy and safety of these novel dietary approaches more firmly
before recommending their routine use in an everyday clinical practice.
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Abstract

Exclusive enteral nutrition (EEN) is a well-establised primary therapy in active pediatric
Crohn’s disease (CD). EEN promotes mucosal healing, restores bone mineral density,
and improves growth. On the contrary, treatment of active CD with corticosteroids (CS)
has a strong negative impact on the linear growth and bone density. Therefore, EEN is
recommended as a first-line therapy in children with active CD. EEN has been evalu-
ated in a number of clinical studies including randomized controlled trials. While meta-
analyses of adult studies suggest superiority of CS, pediatric studies have shown that
EEN is at least as effective as CS in inducing remission. The mechanisms by which EEN
suppresses inflammation are not yet fully elucidated. Hypotheses include improvement
in nutritional status, decreasing of the inflammatory cascade mechanism, limiting lumi-
nal antigen exposure, improving intestinal permeability, and modification of intestinal
microbiota.

Keywords: Crohn’s disease, exclusive enteral nutrition, partial enteral nutrition,
children, adults

1. Introduction

Inflammatory bowel disease (IBD) is an immune-mediated condition, which includes Crohn’s
disease (CD), ulcerative colitis (UC), and IBD-unclassified (IBD-U) [1]. Nearly 25% of patients
are diagnosed before 16 years of age. A number of studies have shown that pediatric-onset
IBD presents with a more difficult phenotype when compared to adult-onset IBD and may
have the consequences of growth retardation and delayed puberty as well as the psycho-
logical consequences of disease onset at a very vulnerable time of psychosocial development
[2-5].
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Exclusive enteral nutrition (EEN) is successful in the treatment of undernutrition. Moreover,
EEN is able to induce remission in CD patients with active inflammation. The European
Society of Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the European
Crohn’s Colitis Organization (ECCO) recommend EEN as a first-line therapy in children with
active CD and emphasize the use of EEN over CS in all children with active inflammatory
intestinal luminal disease, including colonic involvement [6].

The therapy with EEN provides all of the nutritional needs by a liquid formula either orally
or through a nasogastric tube. EEN is usually recommended for 6-8 weeks, and after this
period, a normal diet is gradually reintroduced. For EEN therapy, elemental, semi-elemen-
tal, or polymeric formulas may be used. Elemental formulas are based on amino acids and
contain no whole proteins, while semi-elemental formulas do contain peptides of varying
lengths. Polymeric formulas are based on whole proteins and are therefore more palatable
[7]. In addition, polymeric formulas usually cost less. The choice of formula most frequently
depends on the clinician’s experience and local availability [8].

EEN is especially recommended in CD children with stunted growth and in those presenting
with low weight and a catabolic state. If EEN is not tolerated orally, a nasogastric tube may
be used [6].

Nevertheless, EEN therapy remains underused in clinical practice, especially in adults in
whom its efficacy in achieving clinical remission is considered to be less than the standard
anti-inflammatory therapies [9].

In current review, different aspects of EEN as well as partial enteral nutrition (PEN) will be
addressed, including their efficacy, treatment modalities, impact on mucosal healing, mecha-
nisms of anti-inflammatory effects, and the role of enteral nutrition in maintaining remission.

2. The history of exclusive enteral nutrition

The first report on successful use of enteral feeding was published in 1973 by Voitk et al. It
demonstrated improvement in inflammatory indices and weight gain in 13 patients. Nine of
them were planned for surgery and two of them were able to avoid it after a period of exclu-
sive elemental formula treatment [10].

In 1981, Logan et al. found a decrease in the number of gut lymphocytes and diminished
protein loss when elemental enteral nutrition was used in patients with extensive small bowel
CD [11].

Navarro et al. studied the efficacy of continuous elemental EEN on 17 pediatric patients
with active CD and demonstrated that EEN was successful in inducing clinical remission.
Additionally, therapy with EEN was proven to be safe and well tolerated [12].

Five years later, O'Morain et al. found that elemental EEN was equally successful or even
more effective than steroids in inducing clinical remission in adults with active CD [13].
However, in 1995, a meta-analysis by Griffiths et al. demonstrated that therapy with EEN
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was significantly less effective compared to CS in a mixed population of adult and pediatric
patients with CD [14]. But in 1997, in a randomized controlled trial by Zoli et al., EEN with an
elemental diet was again shown to be equally effective as CS in inducing remission in a cohort
of adult patients with both mild and moderately active CD [15].

3. Elemental versus polymeric enteral feeds

In the 1990s, both elemental and polymeric enteral nutrition were used in the largest pediatric
inflammatory centers in United Kingdom as a first line of treatment of active CD. Clinical
studies were then conducted to compare elemental versus polymeric enteral formulas [16]. In
a randomized controlled trial by Rigaud et al., no significant difference was found in induc-
ing clinical remission in adult CD patients between elemental and polymeric enteral formulas
[17]. Ludvigsson et al. conducted a multicentre randomized control trial to compare the effi-
cacy of elemental and polymeric formulas in children with active CD. The efficacy in inducing
remission was found not to be different between elemental (E028E; Nutricia) and polymeric
formulas (Nutrison Standard; Nutricia). However, patients who were receiving polymeric
formula had better weight gain [18].

In a meta-analysis by Griffits et al., the efficacy of EEN therapy with elemental versus nonele-
mental formulas was compared. They demonstrated that there was no significant difference
in the efficacy between the elemental and nonelemental formulas [14].

4. The efficacy of exclusive enteral nutrition versus corticosteroids

EEN has been evaluated in a number of clinical studies including randomized controlled tri-
als (RCTs) that compared EEN with CS in adult and pediatric populations of patients with
active CD. To date, eight meta-analyses have been published on the efficacy of EEN versus
CS. Among these meta-analyses, three of them were performed exclusively on the pediat-
ric population, whereas others included adult patients as well. While meta-analyses of adult
studies have suggested better efficacy of CS, pediatric studies have shown that EEN is at least
as effective as CS in inducing remission and is superior to CS in improving nutritional status
and growth recovery without adverse side effects [19].

4.1. Efficacy of EEN versus CS in adult and mixed population of CD patients

In the first meta-analysis by Fernandez-Banares et al., the therapy with EEN was significantly
less effective compared to CS. The meta-analysis included nine trials with mostly adult CD pop-
ulations. The overall remission rate was 57.7% for EEN and 79.4% for CS [20]. A meta-analysis
by Messori et al. included studies exclusively on the adult CD population which compared the
effectiveness of EEN versus CS. The patient-specific end-point of the meta-analysis was occur-
rence of treatment failure. CS were more effective than EEN for inducing remission in adult
active CD. In fact, the relative risk of treatment failure (RTF) was significantly lower in the steroid
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group than in the EEN group. They concluded that the data examined in this meta-analysis do
not support the use of EEN as primary treatment for acute exacerbations of CD in adults [21].
In 1995, Griffiths et al. included eight RCTs (mixed adult and pediatric CD of 413 patients) com-
paring EEN with CS. Odds ratios (OR) for likelihood of clinical response were calculated. They
found that EEN was inferior to CS (OR 0.35; 95% CI 0.23-0.53) [14]. A similar meta-analysis was
performed in 2001 by the same team of authors from Toronto. In accordance with the stricter
inclusion criteria, only four RCTs were included (130 patients treated with EEN and 123 treated
with CS). The meta-analysis yielded a pooled OR for remission of 0.30 favoring CS therapy (95%
CI 0.17-0.52) [22]. This meta-analysis was updated in 2007 and included six clinical trials with
192 patients treated with EEN and 160 treated with CS. The pooled OR for remission, after com-
bining all type of enteral diets and comparing them with CS therapy, was 0.33 favoring steroid
therapy (95% CI: 0.21-0.53) [23].

4.2. Efficacy of EEN versus CS in pediatric CD population

The first meta-analysis on pediatric population was published in 2000 by Heuschkel et al. The
meta-analysis included five RCTs and was composed of 147 pediatric patients with active CD,
and it demonstrated that EEN was equally effective as CS in inducing remission (relative risk
(RR) =0.95; 95% CI: 0.67-1.34). EEN was, however, superior in improving growth and pubertal
development. Additionally, EEN seemed to be without the side effects. According to the results
of this meta-analysis, EEN was then recommended as a first-line therapy in children with active
CD [24]. The same results were demonstrated 7 years later in a meta-analysis by Dziechciarz
et al. Only four RCTs (144 pediatric CD patients) met the inclusion criteria. No significant dif-
ference in remission rates between the patients receiving EEN and CS was found [25].

In the most recent published meta-analysis by Swaminath et al., eight clinical studies (451
pediatric CD patients) were included based on the inclusion criteria and availability of data
that could be abstracted into meta-analysis. The efficacy in inducing remission was not dif-
ferent between EEN and CS (OR = 1.26; 95% CI 0.77-2.05). The authors also compared the
efficacy between EEN and CS treatment in newly diagnosed CD patients (OR = 1.61; 95% CI
0.87-2.98) with relapsed patients (OR = 0.76; 95% CI 0.29-1.98) [26].

5. Recommendations on exclusive enteral nutrition in adult patients
with Crohn’s disease

To date, according to the results of meta-analyses on the adult CD population, EEN appears to
be less effective than CS. Therefore, therapy with EEN is used as a first-line treatment in active
CD only when therapy with CS is contraindicated [27].

In the current ECCO consensus guidelines for medical management of adult CD, therapy with
enteral nutrition is regarded as a complementary treatment to improve nutrition and not as a
primary therapy. It is still considered appropriate to use EEN in patients who decline all other
drug therapies [28]. Further studies on EEN use as a primary therapy to induce remission
in adult CD patients are needed to clarify the efficacy of EEN. The reasons for the difference
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in the efficacy of EEN between the pediatric and adult CD population have still not been
elucidated. In adult IBD patients, who have a longer disease course and more frequent com-
plications, EEN may be less effective. EEN may not be so strictly adhered to in adult patients,
when compared to children, who are supervised by their parents. Furthermore, children and
especially adolescents are generally more motivated to achieve success through this therapy.
Most of them refuse CS treatment due to the unpleasant side effects related to appearance
such as facies lunata, acne vulgaris, and increased hairiness.

6. Exclusive enteral nutrition and mucosal healing

Mucosal healing is an important therapeutic endpoint that, when achieved early, is associated
with fewer hospitalizations, reduced surgical resections, lower risk of fistulizing disease, and
less use of biologic drugs [29-32]. It is well established that treatment with EEN is capable of
achieving mucosal healing in CD. On the contrary, CS have poor ability to induce mucosal
healing. A study made in 1990, on the effects of prednisolone on mucosal healing in patients
with active CD, found that 27% of patients still had minor lesions and only 12% achieved com-
plete mucosal healing after 4-7 weeks of CS therapy [33]. Similarly, none out of eight patients
with CD, treated with prednisolone for postoperative recurrence, showed mucosal healing
after 6-9 weeks, based on the overall endoscopic assessment of the mucosa rather than a
detailed endoscopic score [34]. These findings suggest that CS have little or no positive effects
on induction of mucosal healing in CD. In a RCT in children with active CD, Borrelli et al.
compared not only the efficacy of EEN versus CS in inducing clinical remission but also in
achieving mucosal healing. The therapy with EEN was superior in achieving mucosal healing
compared to CS. Mucosal healing was found in 14 of 19 CD patients (74%) in the EEN group
and in 6 of 18 patients in the CS group (33%, p < 0.05) [35]. In a retrospective study by Berni
Canani et al., 65% of pediatric CD patients on EEN therapy and 40% on CS (p <0.05) achieved
improvement in mucosal inflammation. Seven patients on EEN and none on CS were found
to have complete mucosal healing (p < 0.005) at the end of treatment. In addition, the duration
of clinical remission was longer in the EEN group when compared with the CS group [36].
Recently, Grover et al. had used the Simple Endoscopic Score for CD (SES-CD) to define endo-
scopic mucosal lesions in 26 children with active CD receiving EEN for 8 weeks. At the end of
the EEN therapy, 42% of patients had complete mucosal healing (SES-CD = 0) and the other
58% had complete or near-complete mucosal healing (SES-CD < 3) [37]. Mucosal healing after
EEN therapy was also demonstrated in the adult population of active CD patients. In a study
by Yamamoto et al., a 4-week therapy with EEN has shown a complete endoscopic remission
rate of 44% in the terminal ileum and 39% in the colon [38]. In a recent pediatric meta-analysis
by Swaminath et al., two pediatric studies provided data on mucosal healing at the end of
induction therapy with EEN versus CS [35, 36]. The occurrence of mucosal healing was sig-
nificantly more likely in the group of CD children, who were receiving EEN, compared to
those receiving CS (OR = 4.5; 95% CI 1.64-12.32) [26]. Furthermore, Rubio et al. compared
fractionated oral versus continuous enteral feeding in terms of clinical and mucosal healing
and have demonstrated similar rates of mucosal healing in patients receiving ether fraction-
ated or continuous enteral feeding [39].

73



74 New Concepts in Inflammatory Bowel Disease

7. Disease location and efficacy of exclusive enteral nutrition

In the early 2000s, EEN was especially used in CD patients with small bowel disease. That
was in accordance with the results of a clinical trial by Afzal et al. which have shown that
EEN was less effective in CD patients with colonic disease in comparison with those who
had only small bowel involvement or small and large bowel disease [40]. However, recent
studies and meta-analyses have not confirmed this negative association [23, 25]. Buchanan
et al. found no significant differences in remission rates in terms of disease location [41].
Similar findings were reported in a study by Rubio et al. where the site of disease activity
had no impact on response to nutritional therapy [39]. The same results were demonstrated
in a study by Gupta et al. where the location of the inflammation in CD did not affect the
efficacy of EEN [42].

8. The long-term efficacy of exclusive enteral nutrition

The long-term efficacy of the induction therapy with EEN is not yet well established. Studies
comparing the long-term outcomes of EEN versus CS treatment are limited. In a retrospec-
tive study by Lambert et al., a lower 1-year (61 versus 77%) and 2-year relapse rate (61 versus
89%) was demonstrated in CD children who were treated with EEN in comparison with those
receiving CS [43]. Grover et al. have shown that induction therapy with EEN was superior to
CS in reducing growth failure, CS dependency, and loss of response to infliximab over the
first 2 years [44]. In a retrospective German study, most of the pediatric patients with active
CD, treated with EEN, relapsed during the first year. Fortunately, 66% of them responded to a
second course of EEN with remission [45]. In a recent study by Connors et al., both short- and
long-term outcomes of EEN and CS induction therapy were examined. Out of 127 patients
reviewed, a total of 111 propensity score-matched CD patients receiving EEN (n = 76) or
CS (n = 35) were analyzed. Their data showed that clinical remission after EEN was supe-
rior to that after CS treatment, with 86.6 versus 58.1% of patients reaching remission within
4-12 weeks of starting treatment. This study supports a more optimistic view toward EEN
as an approach to CS avoidance: over 40% of EEN-treated patients in their cohort remained
steroid naive for at least 4 years. In addition, patients treated with EEN exhibited significantly
greater improvement in height z-scores than patients treated with CS, at 1-year follow-up.
The therapy with EEN over CS for induction of remission was associated with avoidance of
CS over a 6-year follow-up period. This study showed that long-term steroid avoidance via
EEN therapy is feasible without an increased need for escalation to anti-tumor necrosis factor
alpha (anti-TNF-a). Most of the patients in the EEN-treated group who remained steroid-
naive for 2 and 4 years had also not been exposed to anti-TNF-a, indicating that early anti-
TNF-a use could account for only a minor portion of steroid avoidance in this group. They
concluded that EEN induction therapy is more effective in achieving early remission and is
associated with long-term steroid avoidance without increased use of biologics or need for
surgery [46].
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9. Current practice

Despite the reported benefits, EEN is not universally used in pediatric centers. Wide differ-
ences have been noted in the use of EEN between pediatric gastroenterologists in Europe and
North America [47, 48]. A questionnaire-based study by Whitten et al. has shown wide varia-
tions in EEN protocols used in different areas of the world. Thirty-five centers were included
in the study. The most centers recommend a 6-8 week therapy with polymeric formula and
the gradual introduction of food quantity over 4-6 weeks [49].

10. The role of exclusive enteral nutrition in improvement of
nutritional status and linear growth

Patients with IBD and especially children and adolescents often present with symptoms of
undernutrition [50]. Both inflammation and undernutrition contribute to decreased height
velocity [5]. Linear growth patterns correlate with disease activity, and there is strong patho-
physiological evidence that inflammation interferes with the growth hormone axis [51, 52].
EEN decreases proinflammatory cytokines, including IL-6 and TNF-a, after which an increase
in growth hormones (IGF-1 and IGFBP-3) is observed within 2 weeks of treatment [53]. It is
not only that EEN decreases inflammation, it improves malnutrition and other specific nutri-
tional deficiencies as well. Nutritional supplementation plays an important role in linear growth
improvement. Importantly, EEN may also influence growth recovery in pediatric CD patients
by limiting chronic corticosteroid exposure, which is a significant contributing factor toward
growth failure [46, 54].

11. The role of preoperative exclusive enteral nutrition

To date, few experiences have been reported on the role of preoperative EEN in diminishing
postoperative complications after bowel resections or other surgical interventions in patients
with IBD. Li et al. investigated the influence of preoperative 3-month EEN on the incidence of
postoperative intra-abdominal septic complications in CD patients with enterocutaneous fistu-
las. A retrospective study on 123 CD patients suffering from enterocutaneous fistulas was per-
formed. The patients were divided into an EEN or a non-EEN group. A significantly lower rate of
postoperative intra-abdominal septic complications was demonstrated in the EEN group versus
the non-EEN group (3.6 versus 17.6%, p < 0.05). The results of this study have shown that pre-
operative EEN is an important factor for reduced risk of postoperative intra-abdominal septic
complications [55]. The authors from the same IBD centre conducted another study to evaluate
the impact of EEN on the perioperative outcome in CD patients following immunosuppressive
therapy. There was a significant difference observed in the incidence of postoperative compli-
cations between the groups of CD patients who received and those who did not receive EEN
(p<0.05). In addition, the use of EEN decreased the need for urgent surgery and reoperation [56].
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12. Mechanisms of action of exclusive enteral nutrition

Therapy with EEN substantially attenuates intestinal inflammation in CD patients. However,
the mechanisms by which EEN suppresses inflammation are not yet fully understood.
Hypotheses include improvement in nutritional intake and nutritional status, decreasing of
the inflammatory cascade mechanism, limiting luminal antigen exposure, improving intes-
tinal permeability, and modification of the intestinal microbiota [57]. Significant progress
has been made in understanding mechanisms of how EEN suppresses inflammation. Basic
research has demonstrated that EEN has direct anti-inflammatory properties, can correct
localization of tight junction proteins and has other important impacts on intestinal perme-
ability, alters micro RNAs expression, and profoundly affects the intestinal microbiota [58].

12.1. Anti-inflammatory effect of EEN

Itis clear that EEN suppresses intestinal inflammation. In 1981, Logan et al. found a decrease in
the number of gut lymphocytes and diminished protein loss when elemental enteral nutrition
was used in patients with extensive small bowel CD [11]. In 1995, Breese et al. demonstrated
that therapy with EEN reduced the number of lymphokine-secreting cells in the gut mucosa
in CD [59]. Three years later, Beattie et al. reported on different mechanisms of action of EEN
in CD. EEN was shown to be able to reduce the number of cytokine-producing cells in the
inflamed mucosa of CD patients [16]. In a study by Fell et al., a decline in ileal and colonic inter-
leukin-1beta mRNA was observed after 8 weeks of oral polymeric diet. In addition, a decrease
of interferon gamma mRNA with a rise of transforming growth factor betal mRNA was dem-
onstrated in the ileum and a fall of interleukin-8 mRNA in the colon [60]. Yamamoto et al. suc-
cessfully managed acute duodenal CD with a low-speed elemental diet infusion via nasogastric
tube in a 28-year-old female and also demonstrated that the duodenal mucosal cytokine levels
remarkably decreased compared with those before the treatment [38]. Recently, Nahidi et al.
cocultured heat tolerance (HT)-29 colonic epithelial cells with TNF-a in the presence or absence
of polymeric formula, as used for EEN. Microarray analysis showed that polymeric formula
modulated the expression of genes involved in the nuclear factor kB pathway with consequent
downregulation of IL-6 and IL-8 proteins [61]. Alhagamhmad et al. wanted to find out whether
the specific components in the polymeric formula drive the demonstrated attenuation of the
nuclear factor kB cascade. They used tumor necrosis factor-a-exposed HT-29 colonic epithelial
cells to investigate the immunosuppressive activity of the glutamine, arginine, vitamin D3, and
a-linolenic acid (ALA), present in polymeric formula, along with curcumin. They found out
that glutamine, arginine, and vitamin D3, but not ALA, significantly attenuated IL-8 produc-
tion. Glutamine and arginine led to a phosphorylation blockade of the signaling components
in NF-xB and P38 pathways, reduction in kinase activity, and enhancement in NO produc-
tion. They concluded that glutamine, arginine, and vitamin D3 can suppress inflammation at
concentrations equivalent to those used in polymeric formula. According to these findings,
glutamine and arginine-fortified polymeric formulas might be a promising option to enhance
the effectiveness of EEN therapy in CD treatment [57]. There is accumulating evidence that
microRNAs play an important role in CD pathogenic processes, including regulation of pro
and anti-inflammatory pathways. Guo et al. performed a microarray analysis in 25 adult CD
patients and 10 healthy individuals treated with EEN. The microarray analysis showed that the
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mucosal micro RNAs expression profile is significantly altered after EEN therapy compared
with the one in inflamed mucosa before EEN treatment [62]. The Australian investigators dem-
onstrated that polymeric formula had a direct anti-inflammatory effect on colonic enterocytes.
Polymeric formula was able to reduce interleukin (IL)-8 response to proinflammatory stimuli
when it was added to the culture medium. The authors concluded that polymeric formula may
modulate gut inflammation by directly reducing the inflammatory response of the intestinal
epithelium [63]. Recently, the same team of investigators found that the incubation of human
cells (Caco-2 human adenocarcinoma cell line) with a polymeric formula resulted in a dose-
dependent increase in the expression of intestinal alkaline phosphatase, which is a recognized
marker of enterocyte differentiation. Intestinal alkaline phosphatase is implicated in the innate
gut immune response to enteric pathogens. This finding suggests that cell surface-associated
intestinal alkaline phosphatase may be an aspect of the gut’s innate immune response to patho-
genic bacteria that is strengthened by polymeric formula [64].

12.2. Reduction in dietary antigen exposure

In the first years, only elemental formulas were used for the treatment of active CD. It was
believed that the effect of EEN was based on exclusion of the dietary antigens which might
have a role in inducing and promoting the inflammatory cascade. However, later research has
shown that whole protein polymeric formulas were also as effective in inducing remission in
patients with active CD [14, 18, 22, 65, 66].

12.3. The role of fats in EN formulas

The influence of the lipid source within the enteral feeds has been examined, but how the
lipids composition of enteral nutrition affects its efficacy remains to be elucidated. In a meta-
analysis by Zahos et al., the efficacy between the elemental formulas with low fat content
(<20 g/1000 kcal) versus high fat content (> 20 g/1000 kcal) was compared. This meta-analysis
did not demonstrate a significant difference in efficacy of the two types of elemental formulas
[23]. In the last decades, the impact of the use of fatty acids as potential immune-modulating
agents in an inflammatory condition such as CD has been studied [67]. Recently, in a double-
blind RCT by Grogan et al., a modest effect on the blood fatty acid composition was seen
with both nutritional interventions (with Alicalm and Emsogen). After an intervention with a
6-week therapy with Alicalm, an increase of eicosapentaenoic acid (EPA) and alpha linolenic
acid (ALA) was demonstrated with an inverse decrease in arachidonic acid (AA). Arachidonic
acid is an important precursor to eicosanoids, which are second messengers in numerous sig-
nal transduction processes and have proinflammatory properties. The authors of this study
concluded that there may be an advantage of using enteral formula that contains increased
levels of ALA, as it is a precursor of anti-inflammatory eicosanoids [68].

12.4. Glutamin and arginine in EN formulas

Glutamine and arginine are conditionally essential amino acids with immunomodulatory
properties. Glutamine may be essential in patients with catabolic conditions where the inter-
vention with glutamine-supplements is able to prevent the deterioration of gut permeability
and development of intestinal mucosal atrophy [69-71]. Akobeng et al. conducted a RCT,
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which included 18 pediatric patients with active CD, who were randomly assigned to receive
a 4-week course of either: standard polymeric formula with low glutamine content (4% of
amino acid composition) or a glutamine-enriched polymeric diet (42% of amino acid compo-
sition). They found no significant difference between these two types of formula in terms of
clinical efficacy [72]. In a recent meta-analysis of the same authors, only two small RCTs (total
42 patients) met the inclusion criteria. The first study is the aforementioned pediatric study
by Akobeng et al. [72]. In the second study, 24 adult CD patients with acute exacerbation of
IBD were treated either with glutamine-supplemented or non-supplemented total parenteral
nutrition. In both included studies, no statistically significant changes in intestinal permeabil-
ity were found between patients, who received glutamine supplementation and those who
did not [73]. Further randomized controlled clinical studies on the efficacy and safety of glu-
tamin supplementation in patients with active CD are needed.

12.5. The impact of EEN on gut microbiota

While all the pathogenetic mechanisms of action of EEN have not yet been elucidated, EEN is
known to cause profound changes in the gut microbiome. Understanding how EEN modifies
the gut microbiome to induce remission could provide insight into CD etiopathogenesis and
consequently guide the development of microbiome-targeted interventions [74]. In 2005, Lionetti
et al. assessed clinical remission and the fecal microbiota in nine children with active CD treated
with EEN. Clinical remission was observed in eight of nine children. In all these patients, sig-
nificant modification of the fecal microbiota was found after EEN therapy. In contrast, control
healthy children showed a host-specific and stable microbiota over time [75]. Similarly, Leach
et al. demonstrated a significantly different composition of intestinal microbiota in patients with
CD treated with EEN in comparison with the microbiota of control subjects. The effect of mod-
ificated microbiota remained present for 4 months after EEN [76]. EEN was shown to promote
protective species and increase the production of butyrate [77]. Surprisingly, in a Scottish study
which included 15 pediatric patients with CD before and after remission with EEN and 21 control
subjects, the therapy with EEN was associated with a decrease in diversity of microbiota and not
vice versa as was expected. A decrease in specific “protective’ species including F. prausnitzii was
found as well as a fall in butyrate in fecal samples. These results have challenged the current per-
ception of a protective role of F. prausnitzii in CD [78]. Quince et al. have analyzed microbiota in
23 CD children and in 21 healthy controls before, during, and after EEN treatment. They demon-
strated lower microbial diversity in CD patients compared with controls before EEN. During the
therapy with EEN, the microbial diversity in CD children further decreased and the structure of
microbiota became even more dissimilar in comparison with the healthy controls [79]. In another
small study, similar results were shown. Fecal microbiota of five children with CD, before, dur-
ing, and after EEN treatment was analyzed and compared with five healthy controls. It showed
a dramatic decrease in the number of operational taxonomic units (OTUs) after therapy with
EEN. Inversely, recurrence of inflammation corresponded with an increase in OTUs [80]. In an
extension study by Lee et al., fecal samples from patients (n = 86) treated with either PEN, EEN,
or anti-TNF-a were analyzed using shotgun metagenomics analysis at four points of time during
treatment and compared with healthy controls. After 1 week of treatment, the microbiota com-
position among the EEN-treated group drifted significantly farther from centroid of the healthy
controls compared to anti-TNF-a treated patients who moved closer to the centroid. However,
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at the end of the study, responders (those with clinical remission and reduction in fecal calpro-
tectin) were closer to the centroid of the healthy controls than nonresponders, regardless of treat-
ment, suggesting that at treatment initiation, the treatment modality is the major determinant
affecting gut microbiota, whereas later on, the resolution of inflammation becomes the dominant
factor. Still, the resolution of dysbiosis was not complete even among responders at 8 weeks [81].

12.6. Exclusion of specific dietary components

During the 6- to 8-week therapy with EEN, the patients with active CD should not eat any
food, and their 100% daily caloric requirements are covered by liquid formula. Therefore,
the therapy with EEN automatically involves exclusion of many common dietary compo-
nents which might have a deleterious effect on the intestinal mucosa. The avoidance of these
potentially harmful dietary components might present another potential anti-inflammatory
mechanism of EEN [82].

13. Partial enteral nutrition for maintaining remission in Crohn’s
disease

There are some studies suggesting that nutritional supplementation with liquid formulas may
prolong remission in patients with quiescent CD [83-85]. However, the efficacy of partial enteral
nutrition (PEN) for maintaining remission in inactive CD has not yet been fully evaluated. On the
contrary, the use of immunomodulators and biological medications for maintaining remission
in CD is well established. The adverse events of these medications, such as the increased risk of
infection and malignancy, have always been concerning [86, 87]. Therefore, we should aim for a
safer maintenance regimen, especially in children. Maintenance enteral nutrition (MEN) could be
an attractive option for maintaining remission of inactive CD, as it will eliminate serious adverse
events associated with the use of immunosuppressive medications and biologics. In 1987, Jones
et al. reported their experience with 77 (16-65 years) CD patients in clinical remission who tried
to maintain remission by personalized food exclusion diets along with a supplementary ele-
mental diet. Twenty six of 77 (33.7%) patients remained in remission for 2 years and 18 (23.4%)
patients for at least 3 years [88]. In a study by Wilschanski et al., pediatric patients with active
CD who were successfully treated with EEN were assessed retrospectively according to whether
they continued supplementary enteral nutrition or not. Time to relapse and linear growth were
compared between the two cohorts. Patients who continued nasogastric supplementary feeding
(n = 28) after reintroduction of their otherwise normal diet remained in remission longer than
those who discontinued nocturnal supplementation (n = 19) (p < 0.02). Furthermore, continued
use of nasogastric supplements before completion of puberty was associated with improved
linear growth [85]. In 2000, Verma et al. studied a series of 39 consecutive patients with CD in
clinical remission over 12 months. Patients in group 1 (n = 21) received oral nutritional supple-
mentation along with their normal diet and patients in group 2 (n = 18) had a normal unre-
stricted diet without the nutritional supplementation. Forty-eight percent of patients in group 1
remained in remission for 12 months compared to the 22% of patients in group 2 (p <0.0003) [89].
In 2007, Akonbeng et al. conducted a systematic review on the efficacy of enteral nutrition for
maintenance of remission in CD. Only two studies were included based on the inclusion criteria
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[90]. In the first study, a significant lower relapse rate was found in CD patients who received
half of their daily nutritional needs from an elemental formula and the remaining half by normal
diet compared to patients who only received a normal diet [90]. In the second study, the com-
parison between elemental and polymeric formulas (providing between 35 and 50% of patients’
caloric intake in addition to normal diet) was assessed in terms of maintenance of remission.
Both type of formulas were equally effective in maintaining remission and allowing withdrawal
of steroid therapy [91, 92]. Recently, Nakahigashi et al. have reviewed the efficacy of EN for the
maintenance of remission in patients with quiescent CD. Seven prospective cohort studies were
included and three of them were RCTs. In all studies, patients used EN as a supplement or as a
nocturnal tube feeding in addition to their normal food. The maintained clinical remission rate at
1 year was significantly higher in patients treated with EN in four of the six studies [93]. Although
some studies suggest that PEN may be helpful for the maintenance of remission in the pediatric
population [84, 85], data on the long-term usage of PEN for remission maintenance in pediatric
CD patients are still lacking. A recent retrospective study by Schulman et al. investigated the effi-
cacy of PEN treatment in the maintenance of remission in the pediatric CD population. In their
centre, this approach has been in practice for the last several years. They assessed 42 pediatric
CD patients who entered clinical remission on 4-12 weeks of EEN and were maintained on PEN
as a supplementary diet (50% of total calories obtained as polymeric formula). The control group
consisted of patients who refused PEN. They found that the decrease in the disease activity was
greater in the PEN group than in the control group, as was the total increase in body mass index
between the time of diagnosis and 8 months after. Laboratory parameters, such as albumin and
CRP, also showed better improvement in the PEN group than in the control group. Although
PEN was able to maintain short remission in patients initially treated with EEN, most of the
patients required concomitant medication at some point after PEN initiation. They conclude that
PEN treatment was partially effective in maintaining remission in patients who were initially
treated with EEN. To better assess the efficacy of PEN for maintaining remission in children
with CD, further prospective studies are required. Recently, El-Matary et al. have published a
systematic review on the efficacy of MEN in adult and pediatric patients with CD. Twelve studies
(1169 patients, including 95 children) fulfilled the inclusion criteria. As the included studies were
significantly heterogeneous, a meta-analysis was not performed. Eleven studies showed that EN
was either better than or as effective as its comparator in maintaining remission in patients with
inactive CD. Only one adult RCT (n =51), with low risk of bias, compared EN with a regular diet
and found a relapse rate of 34% in the EN group versus 64% in the control group (p < 0.01) after
a mean follow-up of 11.9 months. The authors concluded that EN is more effective than a regular
diet and as effective as some medications in maintaining remission for patients with inactive
CD. Large, properly designed RCTs of sufficient duration are, however, still required to confirm
this outcome regarding EN versus individual medications [94].

14. Partial enteral nutrition in the treatment of active Crohn’s disease

In 2006, Jones et al. have published the first RCT on partial enteral nutrition (PEN). Fifty children
with active CD (PCDAI >20) were randomly assigned in PEN or EEN group. Children in PEN
group had obtained 50% of their caloric requirements from elemental formula and 50% from
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unrestricted diet, while children in EEN had received 100% of their energy requirements from
elemental formula for 6 weeks. This study showed that the conventional treatment with EEN
was associated with a significantly higher remission rate in comparison with PEN (42 versus
15%) [95]. The next study on the efficacy of PEN was conducted at The Children’s Hospital of
Philadelphia (CHOP). The authors retrospectively studied the efficacy of their CHOP protocol
of PEN, which allowed patients to consume 10-20% of their daily caloric needs from a normal
diet and 80-90% from enteral nutrition. In this study, a remission rate of 65% and response rate
of 87% were demonstrated, which is comparable with the remission rate of EEN from literature.
The authors concluded that the use of the CHOP protocol may increase compliance in the popu-
lation of pediatric CD patients by improving quality of life [42]. Recently, Sigall-Boneh et al.
treated 47 patients (34 children and 13 young adults) with early mild-to-moderate luminal CD
with PEN. Their approach allowed patients to consume 50% of dietary calories from a polymeric
formula and remaining calories from a special Crohn’s disease exclusion diet (CDED). In the
study, a clinical response and remission were achieved in 78.7 and 70.2% patients, respectively.
Surprisingly, in six of seven patients who refused PEN and used only the specific exclusion diet
for CD, clinical remission was observed. This study has shown for the first time that a combi-
nation of PEN with the exclusion diet was successful and led to high remission rates in early
mild-to-moderate luminal CD, in children and young adults [96]. Furthermore, the findings of
this study suggest that specific dietary products may play a role in the promotion of intestinal
mucosal inflammation. The authors of this study hypothesize that the major mechanism leading
to response to EEN used in children with active CD is exclusion of specific dietary factors which
may have negative impact on the innate immune mechanisms of intestinal mucosa such as the
mucous layer, intestinal permeability, or colonization and adherence with adherent-invasive
E. coli (AIEC). They suggest that specific dietary components such as additives may impair the
barrier function of the intestinal epithelium and allow adherence and invasion of nonpathogenic
bacteria or bacterial antigens. Adherence of bacteria to the intestinal epithelium, penetration,
and replication within epithelial cells, dendritic cells, and macrophages leads to continuous trig-
gering of the adaptive immune system, resulting in inflammation [97]. According to the results
of recent epidemiological and animal model studies, they developed CDED based on exclu-
sion of dietary components hypothesized to affect the microbiome or intestinal permeability or
other elements of innate immune system involved in CD pathogenesis [82, 97]. CDED is a struc-
tured diet that excludes animal fats, milk and dairy, gluten, and all processed and canned foods,
which contain additives (especially emulsifiers and maltodextrin) [96]. Although the authors
from CHOP and Israel did show that PEN may be effective in inducing the remission in active
CD, this approach of treatment is not recommended according to the ESPGHAN/ECCO guide-
lines on the treatment of active CD in pediatric population [6]. Further studies on the efficacy of
PEN are warranted to elucidate the efficacy of this treatment approach.

15. Conclusion

EEN is recommended as a first-line therapy for remission induction in pediatric luminal
Crohn’s disease. Despite the inconsistent evidence regarding long-term efficacy, EEN has
an established advantage over corticosteroids with comparable clinical efficacy but superior
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mucosal healing effect as well as better safety profile. The exact mechanism by which EEN
exerts its beneficial impact is still not established, particularly, whether exclusion of specific
potentially harmful dietary components plays an important role. Nevertheless, accumulating
evidence suggest a direct anti-inflammatory effect and an effect on the intestinal microbiota.
The relationships between these effects and the specific triggers for the observed changes are
yet to be elucidated.
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Abstract

We provide a basic overview of inheritance, fertility and influence of IBD and pregnancy,
therapy in pregnancy and childbirth options. A crucial factor for good results is the
degree of inflammation at the time of conception and during pregnancy. If the disease
is inactive, there is no decrease in fertility and no greater risk of deterioration of disease
in pregnancy and pregnancy does not differ from the normal population. The opposite
situation occurs if there is a pregnancy at the time of disease activity. Then, in up to 75%
of pregnancy courses with big problems, fertility declines, inflammation also worsens
and the risk of exacerbations increases during pregnancy. This aggravates the course of
pregnancy and childbirth and has a negative effect on the fetus. Therefore, it is necessary
to plan for a longer period of disease stabilization and continue chronic medication and
not discontinue drugs for the fear of negative impact of medications on fetal develop-
ment. Commonly used drugs such as aminosalicylates, corticosteroids, immunosuppres-
sants and biological therapy appear to be safe and well tolerated during pregnancy. The
method of delivery is different for each individual and depends on the form and location
of the inflammation and the preceding operations.

Keywords: inflammatory bowel disease, Crohn’s disease, ulcerative colitis, pregnancy,
childbirth, breastfeeding

1. Introduction

Inflammatory bowel disease (IBD) is a chronic bowel inflammation of unknown origin, which
includes Crohn’s disease (CD) and ulcerative colitis (UC). The incidence in our population
has increased, the incidence of UC is 10.4/100,000 and the incidence of CD is 5.6/100,000. IBD
affects young adults in their fertile age, 50% of patients are diagnosed under the age of 35 and
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a quarter of patients get pregnant after they have been diagnosed with IBD. Young women
are often concerned about the effect of IBD on their fertility, development of the fetus and as
well about the effect of the pregnancy on their disease. They are interested in the effect of the
chronic medication used during the pregnancy, management of the birth and possibility of
breastfeeding. In the past, patients have been advised not to get pregnant, existing strategies
of treating IBD makes the pregnancy possible and safe for the mother and the child.

2. Genetics and IBD

IBD is multifactorially determined. The risk for a child with a parent with an IBD is 2-13 times
higher than the risk in the normal population [1]. A child of a parent with IBD has a 5% risk
for CD and a 1.6% for UC. If both parents have IBD, the risk increases up to 37% [2, 3].

3. Fertility and IBD

Infertility of women with IBD ranges between 7 and 12%, which is in line with the normal
population [4-7]. The fertility can decrease with the following conditions:

* An active inflammation (can affect the Fallopian tubes and the ovaries, in the perianal area
it can cause dyspareunia)

* Surgery before the pregnancy (IPAA—ileo pouch anal anastomosis—is connected with
lower fertility because of scarring in the area around the adnexae)

* Medication that affects men’s fertility such as methotrexate, sulfasalazine [1, 9, 10]

4. The effects of IBD on pregnancy

Multiple studies on the effects of IBD on pregnancy, development and growth of the fetus,
have come to a conflicting conclusions most likely due to disparate conditions of the indi-
vidual studies. All the studies agree that the key factor for a successful pregnancy is a func-
tion of whether the disease is active at the time of conception. Patients with an inactive IBD
(minimum 12 months without clinical, laboratory and endoscopic signs of an active inflam-
matory process) are not in a higher risk of bad perinatological results. On the other hand, if
the disease is active, up to 75% of pregnancies are connected with a high number of problems
and relatively high risk of abortion, preterm birth or hypotrophy of the fetus. Therefore, it is
necessary to plan the pregnancy while the disease is in remission [1, 4-6, 8]. The activity of
the disease at the time of conception leads to a higher risk of fetal loss and preterm deliveries.
Also, activity of the disease during the pregnancy is associated with lower fetal weight and as
well with a preterm delivery [1, 3, 8, 9, 10]. Pregnancy loss affects 12.2% of patients with IBD
as compared to 9.9% in the normal population. Miscarriages are more common in cases where
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the patient has an intestinal resection before the pregnancy. The length of the resected tissue
and activity of the disease are proportional to a higher risk of miscarriage [6]. The percentage
of preterm deliveries (<g.h. 37) is around 8% in the Czech Republic in the normal popula-
tion, studies describe higher risk of preterm deliveries in the group of people with IBD, the
risk is 1.87 times higher, which is 11.5-16% [6]. The risk of low fetal weight (<2500 g) is two
times higher, which is explained by undernourishment of the mother in the time of relapse,
especially if there are repeated exacerbations in the course of the pregnancy. This occurs more
often in diseased with the CD than the UC, Although some studies have found a connection
between congenital malformations (especially a cleft palate and malformations of the urinary
tract) and the mother’s UC, this suspicion was not confirmed in extensive studies. Most of
the studies show that IBD is not connected with a risk of congenital malformations. The rate
of malformations ranges between 1 and 4.8% of newborns, which is the same range as in the
normal population. More serious malformations were more often found in a group with a
severe course of the disease during the pregnancy compared to the ones in relapse. After con-
sidering the grade of disease, no study was able to prove that any medication used (corticoids,
azathioprine and mesalazine) affects the result of pregnancy [5].

5. The effect of pregnancy on IBD

There is no proof to suggest that pregnancy worsens the disease; therefore, there is no rea-
son to end the pregnancy. On the contrary, there are studies that have demonstrated posi-
tive effects and long-term improvement of IBD (impact of the pregnancy on the immune
system) shown decrease of relapses in the following 3 years [2]. Development of IBD dur-
ing the pregnancy is correlated with the activity of disease at the time of conception. If the
disease is inactive at the time of conception, then the pregnancy goes without bigger prob-
lems in the majority of the diseased, only around one-third of patients have a relapse dur-
ing the pregnancy, which is the same number as in a group of nonpregnant women in the
course of 9 months. In two-thirds of the patients, the disease stays in inactive state during the
whole pregnancy [1, 4, 6, 8]. On the other hand, if the IBD is active at the time of conception,
two-thirds of the patients have a persistent disease and even an aggravation of the disease.
Therapy plays an important role in pregnancy by keeping the disease in remission; therefore,
it is recommended that the therapy should not be stopped due to the fear of side effects to
pregnancy.

6. Therapy in pregnancy

The majority of the drugs used for the treatment of IBD are considered to be safe during the
pregnancy and breastfeeding [3]. Analysis of 19 retrospective studies has shown that the medi-
cation commonly used for therapy of IBD (aminosalicylates—ASA, corticoids, immunosup-
pressants and immunotherapy) does not significantly increase the incidence of stillborn, ectopic
pregnancy, hypotrophy of the fetus or miscarriage. While using these drugs, the congenital
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anomalies were more often seen, which is probably connected to the activity of the disease and
not to the therapy. Both methotrexate and thalidomide are clearly contraindicated [1].

If the therapy is able to keep the disease inactive, it is recommended not to stop and continue
the therapy during the whole pregnancy because the benefits outweigh the risks of the con-
servative therapy and the danger of relapse after completing the therapy.

7. The mode of delivery

The percentage (44%) of the Cesarean section is higher in the group of patients with IBD than
in normal population [3]. Recent population studies from Sweden have shown that women
with the UC without any surgery in the past had two times higher risk of elective Cesarean
section, even though vaginal birth is the safest way for the mother and the child. Additional
studies have also shown that the Cesarean sections are mostly performed on the basis of
patient’s or the doctor’s preference, but not from a real indication. Even though some doc-
tors think that all the patients with IBD should have a Cesarean section, it seems reasonable
to make the vaginal birth possible for the women with inactive or in the moderate stage of
the disease. The decision about the mode of the delivery should be strictly individual and it
should be an agreement among the mother, the obstetrician, the gastroenterologist and the
surgeon [6].

Cesarean section is definitely indicated when there is an active perianal disease with abscesses
and fistulas or active rectal disease (proctitis in UC and CD) with consideration of the protec-
tion of the anal sphincter. IPAA or ileorectal anastomosis is considered as a relative indication
for the Cesarean section, the guidelines about the mode of delivery after IPAA are not uni-
form, and both ways are described. With a consideration of a protection of the anal sphincter
and keeping the pouch continence, the Cesarean section is preferred. Patients with the IPAA
have, due to the surgery, a border continence of stool and that is closely related to an intact
sphincter and the function of the pelvic floor. The function of the pouch is affected already in
the third trimester and it goes back to the original shape during 6 months after the delivery. In
the vaginal birth, the pudendal nerves can be affected due to the pressure in the second stage
of labor or in the forceps delivery, which can lead to more frequent stools. In the long-term
observation (5 years), it is observed that after the vaginal birth, the function of the pouch wors-
ens faster especially in the births with the higher risks of obstetric injuries (instrumental labor,
episiotomy, the fetal weight above 4000 g, emergent Cesarean section, second stage of labor
longer than 2 h) In the majority of the patients, the primary Cesarean section is chosen. Other
reason for that is as well the emergency Cesarean section from the obstetrics indication can be
very risky because of abdominal adhesions after previous surgeries [1, 3, 9, 10]. Vaginal birth
should be allowed only to women without the signs of rectal and perianal forms of the disease
[6]. Traumatic changes of the perianal area can be a cause of long-term festering complications
or fistulas, preforming of episiotomy can induce the perianal lesions in the future course of
the disease in 20% [5]. If the woman with IBD has a vaginal birth, it is appropriate to avoid
episiotomy; however, it is better to perform an episiotomy than a spontaneous uncontrollable
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damage. Vaginal birth is also possible in the patients with colostomy or ileostomy and it is not
associated with a higher risk of the complications with the stomies [1, 6].

8. Conclusion

IBD affects women in the fertile age with consequences to their fertility, pregnancy and breast-
feeding. The disease and the pregnancy affect each other, and the development of the disease
and the pregnancy is determined by the activity of inflammation at the time of conception.
Patients who are in remission at the time of conception will most likely stay in the remission
during the pregnancy. On the other hand, 70% of the patients with an active inflammation
at the time of conception will stay in that shape or even get worse during the pregnancy.
Women with an active IBD are at a higher risk of adverse results of the pregnancy, whereas
the women with inactive disease can expect normal course and good results of the pregnancy.
That is why it is crucial to plan their pregnancy during remission, and not to cut out the anti-
inflammatory and immunosuppressant therapy put in place before the pregnancy. Most of
the medication used in treatment of IBD is considered to be safe at the time of pregnancy
and breastfeeding, but more studies are needed. Patients with IBD can have vaginal delivery,
whereas patients with the perianal lesions, patients with affected rectum and patients after
the reconstructive surgery with IPAA should deliver by the Cesarean section.
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Inflammatory bowel disease is a chronic immune-mediated inflammation of the
gastrointestinal tract of unknown origin, which includes Crohn’s disease, ulcerative
colitis, and inflammatory bowel disease of unclassified type. It is associated with
different intestinal and extraintestinal manifestations like different neurological
and psychiatric disorders. Histology is an important tool in the diagnosis and
prognosis of inflammatory bowel disease and has an increasing part in patients’
management. The objective of treatment is to make and keep long-lasting remission
by immunosuppressive treatment like corticosteroids, thiopurines, and monoclonal
antibodies directed against tumor necrosis factor alpha. Therapeutic drug monitoring
of thiopurines by measuring levels of their metabolites has been proposed as a
potentially effective tool in optimizing therapy in inflammatory bowel disease.
Diets and their components influence microbiota of the intestine, function of the
epithelial barrier, immune response, and other factors that have an important role in
development and treatment of inflammation in the gut mucosa.
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