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Preface

Crohn’s disease is a chronic inflammatory disease of the gastrointestinal tract with
many extra-intestinal features. Patients suffer from chronic symptoms with relapses
and remissions. There are many recent advances in the treatment of this debilitating
disease. This book discusses the extra-intestinal manifestations of Crohn’s disease,
recent advances in the diagnosis and management of Crohn’s disease, and different
treatment modalities including the role of leucocyte apheresis, parenteral nutrition,
and Chinese medicine. This book is a good reference for gastroenterologists, internal
medicine doctors, and primary care physicians who diagnose and manage Crohn’s
disease.

Monjur Ahmed

Associate Professor,

Thomas Jefferson University,
Philadelphia, Pennsylvania, USA
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Chapter1

Introductory Chapter: Crohn’s
Disease - Recent Advances

Monjur Ahmed

1. Introduction

Crohn’s disease and ulcerative colitis are the two main forms of inflammatory
bowel disease (IBD). While ulcerative colitis mainly causes mucosal inflammation
of the rectum and the colon, Crohn’s disease is characterized by transmural inflam-
mation of the gastrointestinal tract anywhere from the mouth to the anus and gran-
uloma formation in about 30% of cases. Crohn’s disease can also cause deep ulcers,
penetrating ulcers, stricture, fistula, abscess, perforation, malabsorption and
perianal disease. Although both forms of IBD can cause extra-intestinal manifesta-
tions and malignancy, Crohn’s disease is, in fact, a much more severe disease and
patients’ sufferings can be relentless if the disease is not under control. The natural
course of Crohn’s disease is chronic inflammation with relapse and remission. As it
affects mostly young population in the 20s and 30s, their prime time of life is ham-
pered. So patients suffering from Crohn’s disease always want to avoid any relapse
and be in long-term remission. The exact etiology of Crohn’s disease is unknown.
Genetics, environmental factors (smoking, anxiety, depression, stress) and altered
gut microbiota play important roles in disrupting the immune homeostasis that
results in uncontrolled inflammation of the gut. A systematic review found that
the prevalence of Crohn’s disease was 319 cases per 100,000 people and the annual
incidence was 20.2 cases per100,000 persons-year in the United States [1]. It is more
commonly seen in the white population in the Western world, but any person of any
ethnicity can be affected. It is slightly more common in females than in males. The
incidence and prevalence of Crohn’s disease have been increasing globally. Kochar
etal. found that United States born Asians and Asian immigrants suffer from more
perianal and ocular Crohn’s disease compared with white Americans [2].

There are various laboratory, imaging and endoscopic studies available to
diagnose and assess the severity of Crohn’s disease. Crohn’s Disease Activity Index
(CDAI) and Harvey-Bradshaw Index (HBI) are commonly used to assess the activity
of the disease. Classically, Crohn’s disease is divided into mild, moderate and severe
disease. There are various immunomodulatory [6-mercaptopurine (6-MP), aza-
thiopurine (AZA), methotrexate (MTX), and janus kinase (JAK) inhibitors] and
biologic agents (anti-tumor necrosis factor, anti-integrin, IL-12/IL-23 inhibitors
and biosimilars) available at the present time for induction of remission and main-
tenance of remission of Crohn’s disease. Mild Crohn’s disease is generally treated by
a short course of budesonide followed by maintenance with 6-MP, AZA or MTX.
Moderate to severe disease is treated with systemic corticosteroid followed by bio-
logic agents with or without immunomodulatory agents. Primary non-response and
secondary loss of response to the biologic agents and immunomodulators are not
uncommon. These unfavorable outcomes can be evaluated by therapeutic monitor-
ing of trough levels of drugs, measuring anti-drug antibodies (for anti-TNF agents)
and metabolite levels (for thiopurines) so that appropriate management strategy
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can be taken [3]. The goal of treatment is not only clinical and endoscopic remission
but also mucosal healing. Although many patients are able to maintain long-term
remission, the treatment options are not optimal considering their efficacy rate and
side effect profile. As a result, many clinical trials are ongoing for better control of
Crohn’s disease. Many biologic agents are in the pipeline to be released into the mar-
ket. Many patients ultimately need surgery when medical therapy fails and when
complications occur. Fortunately, the surgery rate in Crohn’ disease is decreasing.
A population-based time-trend analysis showed that the incidence rates for surgery
in Crohn’s disease had been decreasing by about 8.4% each year from 1996 to 2013
[4]. Unfortunately, surgical intervention is not curative and patients still need to

be on immunosuppressive or biologic agents to prevent recurrence of the disease.
Preventive care is an important aspect of management of Crohn’s disease. Because
of immune dysregulation, patients are at increased risk of developing various viral
and bacterial infections. They should be immunized against pneumococcus, menin-
gococcus, mumps, measles, rubella, diphtheria, tetanus and varicella zoster virus.
They are also prone to develop osteopenia, osteoporosis and deficiency of iron, vita-
min and micronutrients. Baseline bone densitometry should be done, and calcium,
vitamin D, iron, vitamin B12, folic acid and fat-soluble vitamins supplementation
should be considered. Patients with Crohn’s disease are also at risk of developing of
skin cancer (melanoma and non-melanoma). Thiopurines increase the chance of
developing non-melanoma skin cancer and there is an increased risk of developing
melanoma after using biologic agents (anti-TNF, anti-integrin). Patients should
avoid sun exposure by using sunscreens and annual skin cancer surveillance should
be done by the dermatologist. Patients with perianal Crohn’ disease are at increased
risk of developing Human Papilloma Virus (HPV)-related anal canal squamous

cell cancer and very rarely anal canal adenocarcinoma. They should receive HPV
vaccination to reduce HPV-related malignancy. Female patients with Crohn’s disease
on immunomodulators or biologic agents have increased risk of developing cervi-
cal high-grade dysplasia/cancer. They should have regular PAP smear to prevent
cervical neoplasia. Female patients with Crohn’s disease in remission have the same
chance of having conception, normal pregnancy and delivery as normal women
without Crohn’s disease. Pregnancy can have beneficial effects on Crohn’s disease
such as less symptoms during pregnancy, less future flare up and less need of future
surgery. But if the disease is active, the chance of becoming pregnant is much less.
Active disease during pregnancy can cause miscarriage, premature delivery and
stillbirth. Thiopurines and anti-TNF agents are safe to be used throughout the
pregnancy, and breastfeeding is also compatible with both agents. Methotrexate is
teratogenic and cannot be used during pregnancy or lactation. In fact, both man
and woman should stop taking MTX 3 months prior to planned pregnancy [5].

Taking care of mental health is another important part of management of
Crohn’s disease. Patients may suffer from anxiety, depression and narcotic related
problems. Various factors may contribute to psychiatric comorbidity which include
pain, insomnia, psychosocial stress, frequent hospitalizations, surgical procedures,
presence of ostomy, history of proctocolectomy, long duration of Crohn’s disease
and history of traumatic childhood experiences [6]. During each outpatient visit,
patients should be asked about their mental and emotional wellbeing, and appro-
priate referral to the psychologist or psychiatrist should be given.

In conclusion, Crohn’s disease is primarily an idiopathic chronic inflammatory
bowel disease with the potential of involving multiple organs. Benign and malig-
nant complications as well as psychiatric comorbidity can occur. Management of
Crohn’s disease may require multi-specialty team that include primary care physi-
cian, gastroenterologist, surgeon, dietitian, interventional radiologist, obstetrician,
gynecologist, oncologist, dermatologist, psychiatrist and psychologist. Preventive
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healthcare and mental healthcare are also very important part of management of
Crohn’s disease. There are many support groups available in national organizations
in individual countries such as Crohn’s and Colitis Foundation of America, National
Association for Colitis and Crohn’s Disease in the United Kingdom, and Crohn’s and
Colitis Australia. Patients with Crohn’s disease should join these support groups
where they can communicate, find emotional supports, get answers to their ques-
tions and share their experiences with others living with the same disease.

Author details

Monjur Ahmed
Thomas Jefferson University, Philadelphia, Pennsylvania, USA
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Chapter 2

Extra-Intestinal Features of
Crohn’s Disease

Monjur Ahmed

Abstract

Although Crohn’s disease is a chronic inflammatory disease of the gastrointesti-
nal tract, it can affect multiple organs behaving like a multisystem immune medi-
ated disease. The dysregulated immune system in patients with Crohn’s disease
leads to uncontrolled inflammation which primarily affects the gastrointestinal tract
but may also affect various extra-intestinal organs. With the increased incidence
and prevalence of Crohn’s disease, its extra-intestinal manifestations are increas-
ingly being seen in our clinical practice. The musculoskeletal, mucocutaneous,
ophthalmic, hepatobiliary, renal, cardiovascular and pulmonary manifestations of
Crohn’s disease have been reviewed in this chapter. Some of these extra-intestinal
manifestations are due to systemic inflammation, some of them are due to malab-
sorption of nutrients and bile salts, and some due to medications given for the
treatment of Crohn’s disease. These extra-intestinal manifestations of Crohn’s dis-
ease are seen in at least 25% of patients with Crohn’s disease. Some of them correlate
well with Crohn’s disease activity but the rest of them have no relation to the
activity of Crohn’s disease. Although most of the time the extra-intestinal features
are seen after the diagnosis of Crohn’s disease, they can precede or follow the
diagnosis of Crohn’s disease. Management of these extra-intestinal manifestations
varies as the ones associated with activity of Crohn’s disease respond to remission of
Crohn’s disease whereas the ones not related to the activity of Crohn’s disease
require specific treatments for those conditions.

Keywords: extra-intestinal manifestations of Crohn’s disease, musculoskeletal
manifestations of Crohn’s disease, mucocutaneous manifestations of Crohn’s
disease, ophthalmic manifestations of Crohn’s disease, hepatobiliary, renal,
cardiovascular and pulmonary manifestations of Crohn’s disease

1. Introduction

Crohn’s disease is an idiopathic chronic, relapsing inflammatory condition that
mainly affects the gastrointestinal tract but can also involve extra-intestinal sites. As
the incidence and prevalence of this disease is increasing, we are also seeing more
and more extra-intestinal features of this disease [1, 2]. Crohn’s disease and ulcera-
tive colitis are the two main forms of inflammatory bowel diseases and both of them
have extra-intestinal manifestations. In this chapter, we will be focusing on the
extra-intestinal features of Crohn’s disease.

The gastrointestinal tract plays an important role in immune regulation. The
innate and adaptive immunity becomes dysregulated in Crohn’s disease. This gen-
erally occurs in a genetically susceptible individual due to environmental factors
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and altered gut microbiota. As the immune homeostasis is disrupted, uncontrolled
inflammation occurs in the gut. The inflammatory process can become systemic and
other organs can be involved as well. At least 25% of patients with Crohn’s disease
develop extra-intestinal manifestations [3]. Joints, bones and skin are most com-
monly involved. Other organs of involvement include muscles, eyes, oral mucosa,
hepatobiliary system, kidneys and lungs [4]. Some of these manifestations correlate
with disease activity and some of them have no correlation with disease activity.
Most of the time joint, eye and skin involvement correlate with intestinal inflam-
matory disease activity. Active Crohn’s disease can reduce fertility in women due to
decreased ovarian reserve. This results in decreased anti-Mullerian hormone
(AMH) level in the blood in women above age 30 years with active Crohn’s colitis
compared to healthy control women [5]. Patients’ with Crohn’s disease have signif-
icantly increased risk of developing anxiety and depression, particularly in the year
after the initial diagnosis of Crohn’s disease [6]. The pooled prevalence of anxiety
and depression in Crohn’s disease was found to be 31% and 24.4% respectively in

a systematic review [7]. Extra-intestinal manifestations (EIMs) are more prevalent
in patients with Crohn’s colitis although these manifestations may precede the
development of colitis, be synchronous with colitis, follow the diagnosis of Crohn’s
disease or persist even after colitis subsides. Patients with one EIM are at

increased risk of developing another EIM. In fact, 25% of the patients have more
than one EIM.

2. Musculoskeletal manifestations

As mentioned before musculoskeletal system involvement is common and these
include arthalgia, arthritis, pseudoarthritis, hypertrophic osteoarthropathy,
osteopenia, osteoporosis, aseptic necrosis of the hip and other joints, psoas abscess,
osteomyelitis and sarcopenia. Peripheral arthalgia occurs in about 20% of patients
with Crohn’s disease and is strongly associated with Crohn’s colitis [8]. About 15 to
20% patients with Crohn’s disease develop arthritis [9]. Approximately 60 to 70%
of arthritis is peripheral large joint arthritis. Knees, ankles, wrists, elbows and hips
are most commonly affected. Oligoarticular arthritis affecting less than 5 joints is
seen in 6% of patients with Crohn’s disease, and polyarticular arthritis affecting 5 or
more joints affects 4% of patients with Crohn’s disease [10]. A minority of patients
with Crohn’s disease may develop symmetrical polyarthritis affecting proximal
interphalangeal, metacarpophalangeal, and metatarsophalangeal joints similar to
the presentation of rheumatoid arthritis. 1 to 6% of patients with Crohn’s disease
develop ankolysing spondylitis affecting the spine and sacroiliac joints. Patients
with ankolysing spondylitis present with low back pain and gradually they develop
spinal fusion over a period of time. As many as two-third of patients with Crohn’s
disease with ankolysing spondylitis are HLA-B27 positive [11]. Small joint
polyarthritis and ankolysing spondylitis can flare up without any increased activity
of Crohn’s disease. Pseudoarthritis presenting as diffuse joint aches can occur fol-
lowing glucocorticoids withdrawal. Aseptic necrosis of joints (particularly hip
joints) can occur in Crohn’s disease due to hypercoagulable state and fibrin
microclot formation occluding the epiphyseal capillaries [12]. Either short term high
dose or long term corticosteroid therapy can also predispose the patients with
Crohn’s disease to aseptic necrosis of bone (i.e. cellular death of bone) which can
cause severe pain and disability [13]. In one study, 2.1% of patients with inflamma-
tory bowel disease had aseptic necrosis of the hip on computerized tomography
[14]. Crohn’s disease leads to low mineral density which is seen even at time of
diagnosis. Proinflammatory cytokines like tumor necrosis factor, smoking, calcium
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and vitamin D malabsorption and low body mass index (BMI) are contributing
factors although use of glucocorticoids is the main risk factor [15, 16]. Osteopenia
(T score — 1.0 to —2.49) and osteoporosis (T score — 2.5 and lower) are seen in 30 to
60% of patients with Crohn’s disease. 60% of patients with Crohn’s disease also
develop sarcopenia that is strongly related to osteopenia and osteoporosis [17].

In a nutshell, the various manifestations are as follows:

e Arthritis
a. Large joint
1. Polyarticular
2.0Oligoaticular
b. Symmetrical small joint
c. Ankolysing spondylitis
* Peripheral arthlagia
* Pseudoarhritis
* Hypertrophic osteoarthropathy
* Osteopenia, osteoporosis
* Sarcopenia
* Aseptic necrosis of the hip and other joints
* Psoas abscess

* Osteomyelitis

3. Mucocutaneous manifestations

Cutaneous manifestations occur in almost one third of patients with Crohn’s
disease. Erythema nodosum (EN) and pyoderma gangrenosum (PG) are the
most common cutaneous lesions seen in Crohn’s disease although these lesions can
also be seen in other disorders [18]. EN appears as an erythematous subcutaneous
tender nodule, most commonly seen on the pretibial region (Figure 1). In Crohn’s
disease, EN is more commonly seen in females than in males. It tends to occur
during the first 2 years of clinical course and is associated with exacerbation of large
joint arthritis and colitis, and generally improves with the treatment of Crohn’s
disease [19]. It is recommended not to biopsy EN because of risk of scar tissue
formation.

PG generally presents as painful ulcers with sharply circumscribed and demar-
cated violacious borders and crater-like holes at the necrotic yellowish base, most
commonly seen on the extensor surface of the lower extremities but can occur
anywhere on the body [20]. Sometimes PG can present tender nodules or pustules
[21]. PG is a chronic debilitating skin disorder and is not associated with Crohn’s
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Figure 1.
Erythema nodusum.

Figure 2.
Pyoderma gangrenosum.

disease activity. Histologically it is a neutrophilic dermatosis characterized by infil-
tration of neutrophils into the skin. Pathergy phenomenon (i.e. formation of large
ulcers in response to minor trauma) is characteristic of PG. PG heals up with
cribriform scars (Figure 2).

Sweet’s syndrome (SS) is another neutrophilic dermatosis rarely associated with
Crohn’s disease. Patients present with painful erythematous or violaceous papular
or nodular lesions on the face, neck or upper extremity with abrupt onset of fever
and neutrophlic leukocytosis [22].

Oral mucosa can be affected in Crohn’s disease. Lips are the most common sites
of oral Crohn’s disease [23]. Lips become swollen with vertical fissures due to



Extra-Intestinal Features of Crohn’s Disease
DOI: http://dx.doi.org/10.5772/intechopen.100164

granulomatous involvement of the lips. Aphthous ulcers or stomatitis (AS) occurs
in 20 to 30% of patients with Crohn’s disease [24]. Pyostomatitis vegetans (PV) is
another rare lesion associated with Crohn’s disease. It is characterized by ‘snail
track’ shaped flat yellowish ulcers in the oral and gingival mucosa [25].

Another rare cutaneous manifestation of Crohn’s disease is metastatic Crohn’s
disease (MCD). It can present as papule, nodule, plaque or ulcer with a predilection
for skin folds, external genitalia (penis, vulva), perineum, infra-mammary area,
limbs and retroauricular area [26]. It is so called because of the presence of non-
caseating granuloma (histologically identical to the primary intestinal lesion) in the
skin that is remote from the gastrointestinal tract [27]. MCD can precede or develop
simultaneously with intestinal Crohn’s disease. No clear correlation is found
between MCD and intestinal Crohn’s disease activity [28].

The prevalence of psoriasis is 8 times higher in patients with Crohn’s disease
than that in the general population due to overlapping genetic and
immunopathogenic mechanisms [29]. There is also increased incidence of
epidermolysis bullosa acquisita and leucocytoclastic vasculitis in patients with
Crohn’s disease [30, 31]. Epidermolysis bullosa acquisita (EBA) appears as subepi-
dermal blistering skin lesion over the extensor aspect of the body, particularly on
trauma prone areas, and is associated with scarring, milia formation and skin fra-
gility. EBA occurs due to autoimmunity to type VII collagen present at the
dermoepidermal junction and is associated with symptomatic esophageal web for-
mation [32]. Leucocytoclastic vasculitis (LCV) is another very rare dermatologic
manifestation of Crohn’s disease and presents as palpable purpura over the lower
extremities and ankles [33]. EN, AS, PV, SS and LCV can be associated with
increased intestinal inflammatory activity.

Dermatologic manifestations secondary to malabsorption of nutrients can occur.
These include angular cheilitis due to riboflavin deficiency, purpura due to vitamin
K deficiency and acrodermatitis enteropathica (AE) due to zinc deficiency. AE
appears as eczematoid and psoriasiform patchy skin lesions on the extremities and
peri-orificially. AE can also cause alopecia [34].

Patients with Crohn’s disease are at increased risk of developing melanoma of
the skin [35].

Certain skin lesions are due to the medications used to control Crohn’s disease.
Anti-tumor necrosis factor (TNF) agents can cause paradoxical psoriasiform rash
over the palmar aspect of hands, planter aspects of feet, flexures and scalp in about
5% of patients [36]. Risk factors for developing this rash include female sex, obesity,
smoking (active or past), short duration of disease and family history of inflamma-
tory skin disease [37]. The pathogenesis of development of this anti-TNF-induced
psoriasiform rash is exactly not known. But increased concentration of IL-17/IL-22
expressing Th17 cells and interferon (IFN)- Y-expressing Th1 cells are seen in the
rash [36, 38]. IFN- a may also play a role in the formation of this rash. Normally
TNF decreases the production of IFN- o by inhibiting the maturation of
plasmacytoid dendritic cells. Anti-TNF therapy may lead to overproduction of IFN-
a [39]. Increased concentration of IFN- « protein is found in anti-TNF associated
psoriasiform rash. Another mechanism could be anti-TNF-induced patchy cutane-
ous immune suppression leading to the formation of psoriasiform rash [40].

Other non-psoriasiform skin lesions due to anti-TNF agents include local pru-
ritic skin erythema at the site of infusion, eczematiform skin lesions, xerosis cutis,
palmoplantar pustulosis, viral and bacterial infections of the skin [41]. Long et all
found in a retrospective study that ant-TNF therapy may increase the risk of
melanoma, and thiopurines may increase the risk of non-melanoma skin cancer
(basal cell cancer, squamous cell cancer) [42]. The mucocutaneous manifestations
are outlined in Table 1.



Crohn’s Disease - Recent Advances

Mucocutaneous manifestations due to
medications

Mucocutaneous
manifestations due to

Mucocutaneous
manifestations due to

disease

malabsorption

Erythema nodosum

angular cheilitis

Paradoxical psoriasiform rash due to anti-TNF

* Pyoderma e Purpura local pruritic skin erythema at the site of
gangrenosum * Acrodermatitis infusion
* Sweet’s syndrome enteropathica Eczematiform skin lesions

Aphthous ulcers or

Xerosis cutis

stomatitis Palmoplantar pustulosis
¢ Pyostomatitis Viral and bacterial infections of the skin
vegetans Increased risk of melanoma due to anti-TNF
¢ Granulomatous Increased risk of non-melanoma skin cancer
cheilitis (basal cell cancer, squamous cell cancer) due
¢ Metastatic Crohn’s to thiopurines
disease

» Epidermolysis
bullosa acquisita

¢ Leucocytoclastic
vasculitis

¢ increased risk of
developing
melanoma of the skin

Table 1.
Mucocutaneous manifestations of Crohn’s disease.

4. Ophthalmic manifestations

Eyes can be involved in 12% of patients with Crohn’s disease [43]. Ocular
involvement occurs more commonly in patients with colonic or ileocolonic Crohn’s
disease than in patients with isolated small bowel Crohn’s disease [44]. Frequently,
patients with ocular involvement also have peripheral large joint arthritis and EN.
The common ophthalmic manifestations include episcleritis, scleritis, uveitis, non-
specific follicular conjunctivitis and blepharitis [45]. Rarely, orbital myositis and
optic neuritis can occur. Patients with episcleritis and scleritis present with red
tender eyes. Patients with uveitis present with deep eye pain, red eyes with
circumcorneal congestion, meiosis, headache, blurring of vision and photophobia.
Patients with uveitis should be seen by an ophthalmologist emergently. Uveitis in
patients with Crohn’s disease is generally bilateral, posterior, insidious in onset,
chronic and 4 times more common in females than in males [46]. Patients with
small bowel Crohn’s disease may also present with night blindness secondary to
vitamin A malabsorption and deficiency. The ophthalmic manifestations are
outlined in Table 2.

Ophthalmic manifestations due to disease Ophthalmic manifestations due to malabsorption

* Episcleritis (Figure 3)
* Scleritis

Night blindness due to vitamin A deficiency

¢ Uveitis

« Follicular conjunctivitis
¢ Blepharitis

¢ Orbital myositis

* Optic neuritis

Table 2.
Ophthalmic manifestations in Crohn’s disease.
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Figure 3.
Episcleritis.

5. Hepatobiliary manifestations

Crohn’s disease can affect both liver and biliary tract. Some of the manifestations
are directly related to the disease process and some are secondary to medications
used in Crohn’s disease. Non-alcoholic hepatic steatosis (NAHS) is the most fre-
quent hepatobiliary manifestation that is secondary to intestinal inflammation and
metabolic factors [47]. Sagami et all found in a retrospective study that patients
with Crohn’s disease and NAHS had higher rate of remission and longer surgery free
interval [48]. About 2% of patients with Crohn’s disease develop primary sclerosing
cholangitis (PSC), and 5 to 10% of patients with PSC have Crohn’s disease [49]. PSC
is a progressive inflammatory, fibrosing and stricturing disease involving both
intrahepatic and extrahepatic bile ducts in more than 80% of cases. In about 10% of
cases, only intrahepatic bile ducts are involved and in less than 5% of cases, only
extrahepatic bile ducts are involved. Patients with PSC remain asymptomatic for
many years. They are generally detected by finding abnormal liver function test.
When symptomatic, they generally present with itching jaundice, right upper
quadrant pain, fever and chills. Magnatic resonance cholangiopancreatography
(MRCP) rather than Endoscopic retrograde cholangiopancreatography (ERCP) is
now considered as diagnostic test of choice as it is non-invasive, can reduce the risk
of hospitalization by 10%, and can visualize the liver [50]. It shows ‘stricturing and
beading’ appearance of both extra-hepatic and intra-hepatic bile ducts. Liver biopsy
is not required if imaging studies are suggestive of PSC. Liver histology may show
lymphocytic infiltrate of bile duct, bile ductopenia, and periductal concentric
fibrosis giving ‘onion skin’ appearance but no histological appearance is pathogno-
monic of PSC. Patients with PSC are at increased (10-15%) risk of developing
cholangiocarcinoma. But colon cancer risk does not seem to be increased in patients
with PSC and Crohn’s colitis [51]. Other hepatobiliary manifestations of Crohn’s
disease include cholelithiasis, granulomatous hepatitis, portal vein thrombosis and
secondary amyloidosis [52-54]. Patients with Crohn’s disease have 2 fold increased
prevalence of gallstone formation than general population. According to Crohn’s
and colitis foundation of America, up to one third of patients with Crohn’s disease
may develop gallstones which could be cholesterol-rich stones or pigment stones. In
Crohn’s disease, gallbladder bile may get supersatuarated with cholesterol (with or
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Renal manifestations due to disease Renal manifestations due  Renal manifestations due
to malabsorption to medications
 IgA nephropathy * Nephrolithiasis * Interstitial nephritis

¢ Membranous glomeruloneohritis
¢ Tubulointerstitial nephritis
* Amyloidosis

Table 3.
Renal manifestations in Crohn’s disease.

without ileal disease/resection) leading to the formation of cholesterol-rich gall-
stones [55]. In patients with ileal disease/resection, bile acid malabsorption initially
causes bile acid-induced diarrhea. Bile acid pool slowly decreases and it leads to
cholesterol supersaturated bile and cholesterol-rich stone formation. Bile acid mal-
absorption also induces enterohepatic circulation of bilirubin and increases the rate
of secretion of bilirubin into bile. This may help formation of pigment stone [56].

6. Renal manifestations

Renal and urinary tract involvement can occur rarely in Crohn’s disease.
Nephrolithiasis, IgA nephropathy, membranous glomeruloneohritis, tubuloin-
terstitial nephritis and amyloidosis are the most frequent involvement [57]. Calcium
oxalate stone is formed in the kidneys and urinary tract because of hyperoxaluria. In
extensive Crohn’s disease of small bowel or intestinal resection, malabsorbed free
fatty acid binds calcium in the intestinal lumen to form calcium-fatty acid salts and
thus free calcium becomes less available to bind oxalate in the intestinal lumen.
Oxalate then binds with sodium to form sodium oxalate that is easily absorbed
through the colonic mucosa resulting in hyperoxaluria [58]. Uric acid stones can
also be formed in patients with diarrhea and/or intestinal neostomy, dehydration
and hypemetabolic state [59]. Crohn’s disease is also associated with IgA nephropa-
thy [60] and membranous glomerulonephritis [61]. Patients taking mesalamine can
develop interstitial nephritis. But patients with Crohn’s disease (not taking
mesalamine) can also develop primary chronic tubulointerstitial nephritis [62].
Secondary renal amyloidosis can be a late manifestation of Crohn’s disease [63].
The renal manifestations are outlined in Table 3.

7. Cardiovascular manifestations

Although different cardiovascular manifestations are seen in patients with
Crohn’s disease, they are not due to traditional cardiovascular risk factors but
secondary to chronic systemic inflammation [64]. The different cardiovascular
manifestations include pericarditis, myocarditis, nonbacterial thrombotic endocar-
ditis, congestive heart failure, arterial and venous thromboembolism. Among these
pericarditis is the most common cardiovascular manifestation [65]. Myocarditis can
be due to autoimmune mechanism secondary to exposure to autoantigen or
mesalamine-induced [66]. Crohn’s disease can also be associated with non-bacterial
thrombotic endocarditis (Libman-Sacks endocarditis) due to hypercoagulable state
[67]. The chronic inflammatory state seen in Crohn’s disease may cause myocardial
fibrosis due to abnormal collagen metabolism, microvascular endothelial dysfunc-
tion, vitamin and essential nutrient deficiencies and changes in nitric oxide
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mediated vasodilation [68]. This may lead to chronic heart failure, atrial and ven-
tricular arrhythmia and heart block. Acute heart failure can occur secondary to
myopericarditis or myocardial infarction. Patients with Crohn’s disease are at
increased risk of developing both venous and arterial thromoboembolism because
of hypercoagulable state as active bowel inflammation leads to thrombocytosis,
increased levels of factor V, factor VIII, fibrinogen and fibrinopeptide A, and
deficiency of antithrombin III and free protein S in the blood. Other factors include
prolonged bed rest, immobility, central venous catheter placement, use of cortico-
steroids and oral contraceptive pills, smoking and dehydration [69]. The cardiovas-
cular manifestations are outlined as follows:

e Pericarditis
* Myocarditis
¢ Nonbacterial thrombotic endocarditis

¢ Increased risk of thromboembolism

8. Pulmonary manifestations

Patients with Crohn’s disease can rarely develop subclinical inflammatory pro-
cess in the lung parenchyma, tracheobronchial tree and pleura in the absence of
pulmonary symptoms [70, 71]. Increased lymphocytic count in bronchoalveolar
lavage (BAL) indicating lymphocytic alveolitis may suggest latent involvement of
lungs in Crohn’s disease [72]. Abnormal pulmonary function test (increased carbon
monoxide transfer factor/TLCO) can be found in this asymptomatic group of
patients without any abnormal imaging [73]. Lung involvement may correlate with
bowel inflammation [74]. Other pulmonary manifestations seen in association with
Crohn’s disease are tracheobronchitis, bronchiectasis, bronchiolitis obliterans orga-
nizing pneumonia (BOOP), multiple pulmonary nodules (sterile necrobiotic nod-
ules consisting of sterile aggregates of neutrophils with necrosis),
pleuropericarditis, methotrexate-induced pneumonitis, interstitial lung disease and
pulmonary eosinophilia due to sulfasalazine and mesalamine, and biologic agents
related infections such as reactivation of pulmonary tuberculosis, development of
pneumocystis carinii pneumonia and opportunistic fungal infections (aspergillosis,
coccidiomycosis, histoplasmosis, nocardiosis) [75-84]. The pulmonary manifesta-
tions are outlined in Table 4.

Pulmonary manifestations Pulmonary manifestations due to medications
due to disease

¢ Lymphocytic alveolitis * Methotrexate-induced pneumonitis and interstitial lung disease
¢ Tracheobronchitis * Pulmonary eosinophilia due to sulfasalazine and mesalamine
¢ Bronchiectasis * Reactivation of pulmonary tuberculosis, development of
¢ Bronchiolitis obliterans pneumocystis carinii pneumonia and opportunistic fungal
organizing pneumonia infections (aspergillosis, coccidiomycosis, histoplasmosis,
¢ Multiple pulmonary nocardiosis) due biologic agents
nodules

¢ Pleuropericarditis

Table 4.
Pulmonary manifestations in Crohn’s disease.
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9. Conclusion

As Crohn’s disease is a chronic systemic inflammatory disease, the inflammatory
cascade can be seen in multiple organs. Many of the EIMs occur as a result of
pro-inflammatory cytokines. Some of the EIMs do not correlate with intestinal
inflammatory activity. Some of the EIMs may precede the gastrointestinal manifes-
tations of Crohn’s disease. Some of the EIMs are due to malabsorption of nutrients,
vitamins and minerals. Some of the EIMs are due to autoantigens. Some of the EIMs
are due to medications used for Crohn’s disease.
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Abstract

The initiation of Crohn’ disease, an inflammatory bowel disease, has been
primarily associated with crypt inflammation and abscesses, which further pro-
gresses towards the development of mucosal lesion and ulcers followed by mucosal
edema. Despite many years of research for the confirmatory role of inflammation
in this disease, various pathways and diagnosis for this inflammatory cascade is
still unrevealed, which in fact is of utmost importance in the assessment of disease
activity and for tailoring the therapy. Till now, various histopathological as well
as endoscopic examinations has been found to be effectively and accurately assess
inflammatory activity, but they are invasive, time consuming and expensive
and therefore are unsuitable for routine use. Consequently, the latest research is
focusing on various biomarkers of intestinal inflammation and the corresponding
biological therapy. So, this chapter will cover the recent advances in diagnosis and
pharmacological therapies for the same.

Keywords: inflammation, biological therapy, fibrostenosis, stricture,
immune response

1. Introduction

Crohn’s disease (CD) is a chronic, inflammatory disease, mainly affecting the
gastro-intestinal tract and is usually characterized as relapse-remitting condition
with progressive bowel damage [1, 2]. Being first discovered in 1932 in the United
States, its rising prevalence in Europe, North America and developing countries
of East Asia and South America during the 20th century is of serious health con-
cern [3-6]. The complex etiology of CD is still unresolved and the pathogenesis is
supposed to involve various genetic, environmental, gut-mucosal and immune-
mediated factors which ultimately causing the initiation of inflammatory cascade
followed by altered epithelial barrier function and mucosal damage [7-9]. CD
represents bowel inflammation at the time of diagnosis but with disease progres-
sion, various complications such as fibrotic stenosis and strictures occur which lead
to the bowel blockages [10]. Several cohort studies have reported that in about 80%
of the patients, CD is characterized by inflammation and approximately 5-28% of
them presents with fibrotic structuring [11-13]. Also, in case of CD complications,
the additional surgery cost presents a huge socioeconomic burden in developed as
well as developing countries [6, 14].

The diagnosis of crohn’s disease (CD) in clinical settings is still challenging
because of the lack of accuracy and specificity of the currently available diag-
nostic tools, various serological, genetic and inflammatory biomarkers. Also the
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heterogeneous nature of various fibrotic and inflammatory pathways involved in
the disease limits the scope of such techniques [15, 16]. Preceding the inaccessibility
towards the deep fibrotic site while using the invasive, expensive and time consum-
ing conventional endoscopy, several advances have been made in the diagnosis of
CD from both diagnostic and therapeutic perspectives. Diagnosis, disease activity,
and therapeutic response are currently assessed by endoscopy, cross-sectional
imaging, and biomarkers. Furthermore, because of paucity of effective drugs to
treat inflammatory as well as complicated CD, a step-up approach of therapeutic
management is required to not only to decrease disease activity but also to improve
quality of life of the suffering population in clinical practice. Considering these
points, this book chapter will discuss the recent advances in diagnosis and
management of CD.

2. Diagnostic approach
2.1 Endoscopy and serological tests

Till now, the diagnostic process in clinical settings completely relied on various
conventional techniques such as endoscopy and serological tests [7, 17]. Various
antibodies against microbial antigens such as anti-Saccharomyces Cerevisiae
antibodies (ASCA), outer membrane porin (anti-OmpC), flagellin (anti-Cbirl),
and Pseudomonas flourescens- associated sequence 1-2 (anti-12) etcetera has been
found to be involved in altered microbial biota in CD patients. IgA anti-OmpC, IgG
anti-Cbirl and IgA anti-I2 were found to be positive in approximately 55% of CD
cases [18-20]. Furthermore, the elevated serum levels of various new antiglycan
antibodies such as anti-aminaribioside (ALCA), anti-mannobioside carbohydrate
antibody (AMCA) and anti-chitobioside carbohydrate antibody (ACCA) in CD
patients has been remained an indicator for these antibodies as diagnostic bio-
markers in patients suffering from CD [21]. A meta- analysis by Kaul et al., 2012,
reported positive correlation between the number of positive anti-glycan antibodies
and disease severity [22].

2.2 Inflammatory markers

As inflammation plays a prominent role in the initiation and progression of
Crohn’s disease, so determination of inflammatory state is crucial for the assessment
of disease activity and for tailoring therapy. Non-invasive inflammatory markers
such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) have
been used for these indications. CRP, an acute phase protein, produced primarily by
hepatocytes in response to inflammatory trigger mediated by various other cyto-
kines such as interleukin-6 (IL-6) and tumor necrosis factor (TNF)-a, has proven
its role as inflammatory biomarker from past decades but has since fallen out of
favor as they are generally non-specific. More recently, markers of inflammation
that are specific to the GI tract, such as fecal calprotectin (FC) and stool lactoferrin
(SL), have been introduced as well established biomarker of intestinal inflamma-
tion. Various studies have reported the positive correlation between increased levels
of FC and CD progression [23, 24]. In addition another research has documented
that the increased levels of CRP, ESR in combination with fecal calprotectin proves
best biomarker for the early diagnosis of crohn’s disease in children suffering from
abdominal pain and diarrhea [25]. Apart from this, various genetic biomarkers
have evolved their role not only in the etiology of disease but also play a role in the
disease pathogenesis as well as phenotype. Among genetic markers, the functional
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polymorphs of the interferon regulatory factor 5 (IRF5) were found to affect the
risk profile for CD [26]. The assessment of serological biomarkers and inflamma-
tory biomarkers as an adjunct to genetic biomarkers such as extracellular matrix
protein —1 (ECM1), signal transducer and activator of transcription 3 (STAT3)
etcetera could help in the early diagnosis of complications associated with [27].

2.3 Advanced imaging techniques

Imaging techniques provides the platform not only to understand the pathol-
ogy of the disease but are also able to provide detailed note about the molecular
mechanism involved in the disease, thus helps in aiding better therapeutic deci-
sions about the disease. Among conventional techniques, Barium follow-through
(BaFT) has been used to diagnose luminal small bowel CD [28]. Nowadays, these
have been replaced by new endoscopic developments such as double balloon
endoscopy and capsule endoscopy as BaFTs assess only the intraluminal mucosal
pathology, meanwhile obscuring the lesion caused by superimposition of the
bowel loops. The development of cross-sectional imaging technologies facilitates
the accurate and rapid assessment of not only the small bowel and adjacent tissues
but also assess deep layers for strictures and extraintestinal complications such as
abscesses & fistulas. Also the shift from techniques causing exposure of ionizing
radiation such as computerized tomography (CT), towards safe non-radiating,
non-invasive, cost efficient and safe cross sectional techniques such as ultrasound
(US) and magnetic resonance imaging (MRI) have changed the clinical perspec-
tive towards the disease complication. The modified version of these techniques
such as computerized tomography enterography (CTE), intestinal ultrasound
(IUS), magnetic resonance enterography (MRE), contrast enhanced ultraso-
nography (CEUS) etcetera has been preferred diagnostic tools even for the early
prediction of CD complications [29, 30].

2.3.1 Computed tomography enterography (CTE)

After its discovery in 1977 to assess the extent and severity of CD, CTE has
evolved its role in the diagnosis of intraluminal and extraintestinal complications
involved in CD patients [31, 32]. Moreover, it differs from the conventional abdomi-
nal CT scan techniques in a way that it involves the intake of enteric or oral contrast
medium to achieve adequate luminal distension [33]. This technique involves the
use of small bowel distension along with the mixture of low density or neutral
contrast agents and an abdominal CT examination following the administration
of intravenous contrast agents [29]. Apart from enabling the dynamic imaging,
CTE provides additional advantages such as lower cost, lesser influence of bowel
peristalsis, wide availability, and greater patient safety with lesser need of general
anesthesia and better efficacy in patients sensitive to MRI [31]. However, the use of
ionizing radiation make its use little disadvantageous but various new techniques
has been developed which makes CT examinations at significantly lesser radiation
rate in pediatrics and adolescents [34-36].

2.3.2 Small bowel ultrasound (SBUS)

This inexpensive, non-radiating and well-tolerated technique provides detailed
evaluation of bowel and abdominal viscera [37]. This technique has been preferred
for pediatric and young non-obese patients as obesity obscure the thorough exami-
nation. Irrespective of its dependency for use on special training and practice, it is
still considered comparable to endoscopy and MRE [38, 39].
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2.3.3 Magnetic resonance entevography (MRE)

As per the American College of Radiology’s Appropriateness Criteria, MRE
has become first line of choice for evaluating children or young patients of CD
[40]. Also a recent study has demonstrated its greater sensitivity and specificity as
compared to US and its superiority for disease mapping over other techniques [41].
Several studies have compared the use of CTE and MRE and reported that both the
techniques have similar sensitivities and specificities in diagnosing CD [29, 42].
MRE has been reported to be more advantageous because of absence of ionizing
radiations, high tissue contrast resolution, and less adverse effects because of use
of intravenous contrast materials [29]. However, MRE technique also has some
disadvantages including longer acquisition time, hindrance due to peristalsis and
bowel movements and it has been found to be more expensive, time-consuming,
and less well-tolerated than SBUS and CTE [31, 43].

Thus proteomics has emerged as an attractive approach not only to define the
pathogenesis of disease but also to distinguish inflammatory and fibrostenotic
phenotypes and predict the complications at an earliest. Coupling these protein
biomarkers through proteomics with various non-invasive, non-radiating imaging
techniques may aid in better diagnosis of CD and may provide a novel approach for
the treatment of CD.

3. Therapy approach
3.1 Conventional therapeutic approach

The etiology and pathogenesis of CD is still complex and unresolved, curbing
the development of new therapeutic agents for its treatment. The remission and
recurrence of disease demands the effective induction and maintenance therapy
while reducing the disease complications and improving the quality of life. Till date,
aminosalicyclic acids, corticosteroids and various immunomodulators has been
considered as therapeutic agents of choice, but lack of efficacy because of hetero-
genecity of disease and higher toxicity profile of these drugs have made these drugs
inappropriate.

Among aminosalicylates, sulfasalazine and mesalamine has been effective in
the treatment of CD. Various clinical studies have reported the role of sulfasalazine
(3-6 gm/day) in the remission of mild to moderate CD [44, 45]. Mesalamine has
been used routinely for decades in patients with Crohn’s disease in clinical practice.
A recent study have demonstrated that mesalamine at doses above 2.4 g/d was
more effective than placebo for the induction of remission of Crohn’s disease [46],
but owing to less benefits, this class has gone out of favor in clinical practice [47].
Even various systematic reviews and meta-analyses remained inconclusive about
the role of ASA in remission of active CD and preventing relapse of CD [48, 49].
Furthermore, broad spectrum antibiotics have been considered to be clinically
efficacious as compared to narrow spectrum since the strain of intestinal bacteria
involved in the progression of CD is still uncertain [50]. So, various clinical trials
have reported the efficacy of antibiotics such as metronidazole, ciprofloxacin,
clarithrmycin, rifaximin and anti-tuberculous regimen for the treatment of mild to
moderately active CD [51, 52]. Rifaximin have shown its efficacy against majority
of intestinal flora with relatively infrequent bacterial resistance. On the same pace,
it has shown its effectiveness in CD with ciprofloxacin 500 mg, orally twice daily,
given for the duration of 6 months [53]. Furthermore, a randomized controlled trial
has shown the significant clinical efficacy with metronidazole [54]. As per recent
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study, low-dose metronidazole in dose of 250 mg t.i.d. for the duration of 3 months
even reduces the endoscopic postoperative recurrence rates in crohn’s disease [55].
Moreover, Metronidazole in combination with ciprofloxacin 500 mg bid have
shown promising rate of remission [56]. Furthermore, rifaximin, another broad
spectrum antibiotic was found to be efficacious in various clinical trials. The double
blind randomized controlled trials (RCT) were conducted by Prantera and cowork-
ers 2006 & 2010. In these RCT’s, 83 patients having 800 b.i.d. dose & 402 patients
having 400-1200 b.i.d dose respectively for the duration of 3 months, have shown
promising remission rate in CD [57, 58]. Various other studies have also demon-
strated the same effects of rifaximin, in the dose of 800 mg b.i.d for the duration of
3 months [52, 59, 60].

Furthermore, corticosteroids were included in the algorithm of CD therapy.
An accumulative body of literature has reported the preference of corticosteroid
efficacy over conventional steroids and ASA’s in CD, especially for ileocecal and
ileal diseases [61-63]. Budesonide in combination with ciprofloxacin and metroni-
dazole have shown effectiveness in induction of remission in CD patients but again
the higher frequency of serious adverse reactions do not favor their use as routine
therapy [64]. Moreover, the available data are limited to small uncontrolled trials
that have not consistently demonstrated efficacy with these agents at inducing
clinical remission for mild to moderate CD [54]. In addition, they are associated
with a high potential for dependence and serious adverse effects [62, 65]. So, the
rising detrimental effects of corticosteroids, which once has been used as first line
therapy from the past decades, has led to stringent attempts to limit their use in the
treatment of CD.

3.2 Advanced therapeutic approach

CD pathogenesis involves the breaching of epithelial barrier of mucosal layer
and luminal microflora tend to stimulate the pro-inflammatory immune response
leading to release of various proinflammatory cytokines such as interferon-gamma,
interleukin 12, TNF- o and [66, 67]. Biologics therapy has been approved by FDA
for the treatment of inflammatory cascade long time ago but the discovery of new
molecules in this arena is still continued and represents a major breakthrough in
the treatment of CD. The advanced therapeutic approach includes biologic agents
such as immunomodulators, anti-TNF- o agents, IL-12, IL-23 antagonists, anti-
adhesion molecules and monoclonal antibodies. Inmunomodulators has been used
primarily for inflammatory state of CD in clinical practice from many years. Among
immunomodulators, Azathioprine (AZA) and 6-mercaptopurine (6-MP) has been
included in the meta-analysis studies and have revealed their role in the remission
in CD patients but with occurrence of serious adverse effects [68, 69]. On the other
side, biologicals such as TNF-a antagonists and IL antagonists have been adopted
for the treatment of CD complications such as fistulas and strictures. Moreover,
these offer advantage over corticosteroids which tend to suppress the entire immune
system and produce various adverse effects. Biologics target the inflammatory
pathway specifically, with lesser unpredictable side effects. The US Food & Drug
Administration (FDA) approved infliximab in 1998, followed by the approval of
adalimumab and certolizumab. These TNF-a antagonist remained as an effective
option among biologics since now for the treatment of CD. Systematic reviews and
meta-analyses have evidenced about the role of adalimumab and infliximab in the
maintenance and remission of CD [70-72]. Moreover, various optimization strate-
gies have been given regarding the use of anti-TNF agents in CD patients. Likewise,
as per SONIC study, infliximab was found to be more efficacious when given
in combination with azathioprine as compared to monotherapy [73]. Although
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TNF-antagonist therapy has greatly improved the management of CD, these drugs
have some important limitations [74, 75]. Also, Up to one-third of patients do not
respond to induction therapy, and an additional 40% lose response over the first
year [76]. Treatment with a second TNF antagonist in patients failing these agents
has only modest efficacy [77]. Thus, a need exists for alternative therapies. So, in
recent years, a range of newer molecules has been discovered and implemented

in clinical practice. Among these agents, Vedolizumab and Ustekinumab have
shown effective and safe profile in the induction and remission of CD [78, 79].
Vedolizumab, the selective leukocyte adhesion molecule inhibitor was approved for
CD in 2014, followed by ustekinumab, the monoclonal antibody that targets inter-
leukin-12 and interleukin-23 in 2016. Furthermore, Pirfenidone and nintedanib
which have been used for the treatment of pulmonary fibrosis have also proven
their role in the management of fibrostenotic CD [80, 81]. Considering the efficacy
of combination of immunomodulators with biologicals, it has been reported that
inflixmab prescribed along with thiopurines is more efficacious as compared to
infliximab alone or thiopurines alone [82].

Thus, 5-Aminosalicylic acid agents are not considered as first choice for treat-
ment of CD. Corticosteroids such as Budesonide and Prednisone are now-a-days
considered as the first line agents. Broad spectrum antibiotics such as metroni-
dazole, ciprofloxacin, clarithrmycin and rifaximin have been considered to be
clinically efficacious and remained as important adjuncts for the treatment of mild
CD. Immunomodulators are used as second line agents in mild to moderate Crohn’s
disease. They act by modifying the immune system while inducing and maintaining
remission. Biologicals such as Adalimumab, Infliximab, certolizumab, Vedolizumab
eand Ustekinumab are used in moderate to severely active CD.

4, Conclusions

On concluding remarks, the diagnosis as well as management of CD and
associated complications should remain the ultimate goal. From diagnostic per-
spective, CTE and MRE are at the forefront and providing new ways to quantify
disease activity in order to provide more personalized therapy in clinical practice.
Furthermore, from the diagnostic perspectives, the continuous evolvement of
biologicals such as anti TNF-a and IL-antagonists has been proven as revolution in
the treatment of inflammation as well as various complications associated with CD.
Although the current therapy available for CD meets the safety as well as efficacy
data requirements, still there is need of newer agents with high efficacy, less side
effects and improved pharmacodynamic as well as pharmacokinetic profile. So, the
anticipated discovery of new diagnostic biomarkers and therapeutic agents while
minimizing the use of conventional endoscopic and radiologic examination will
enable physicians to provide individualized treatment plans in order to improve the
long-term prognosis of patients suffering from CD.
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Partial Enteral Nutrition in
Crohn’s Disease
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Abstract

Exclusive enteral nutrition (EEN) has proven to be a highly effective treatment
option in inducing remission in active Crohn’s disease (CD) in the paediatric
population. In adults with CD, the results of meta-analyses demonstrated that
therapy with corticosteroids was more effective in comparison with EEN. The
most important limitation of the success of EEN treatment is patients’ compliance.
Exclusivity of enteral nutrition and its substantial impact on the quality of life
are the main reasons why EEN is not acceptable to many patients. Therefore, the
treatment with partial enteral nutrition (PEN), where patients are allowed to eat
some ordinary food besides enteral formulas, is becoming an important treatment
option, not only in inducing, but also in maintaining remission in CD. However,
strong evidence on the efficacy of PEN for induction and maintenance of CD
remission is still lacking. Due to the excellent safety profile of the treatment with
enteral nutrition in comparison with other treatment modalities, further well-
designed, randomised, controlled studies are necessary to elucidate the exact role
of PEN in inducing and maintaining of remission in CD patients. Herein, the most
relevant studies on the efficacy and the role of PEN in active and quiescent CD are
reviewed.

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

1. Introduction

Crohn’s disease (CD) is a life-long immune-mediated inflammatory disease
which may affect any part of the gastrointestinal tract. The aetiology of the disease
is multifactorial and complex, with genetic and environmental factors involved. It
is widely accepted that inappropriate response of the innate and adaptive immune
system to the altered composition of the indigenous intestinal microbiota plays
crucial role in the pathogenesis. Both the development and treatment of the disease
may therefore be influenced by different factors that can affect the composition of
the intestinal microbiota, the permeability of the epithelial barrier, or the function-
ing of the gut immune system. Each of these factors can be significantly affected by
nutrition. Epidemiological studies have shown that a diet containing large quanti-
ties of red and processed meat, animal fat, and refined sugars is associated with an
increased risk, and a diet containing large quantities of fruits and vegetables with a
reduced risk for CD development [1-4].
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Therefore, the possibilities of treating CD with nutritional therapy are par-
ticularly interesting. Close partnership between the patients, gastroenterologist
and dietitian is necessary when utilising nutritional therapy to treat CD. Dietitian
provides support for dietary changes and asses the actual nutrient intake, patient’s
nutritional status, and discuss the role of enteral nutrition as the treatment option.
Dietitian should be included in patient’s treatment from diagnosis onwards. The
ultimate goal of CD treatment is to induce and maintain clinical remission and
mucosal healing with treatment modalities with least adverse effects [5]. Compared
to other treatments such as corticosteroids (CS), immunomodulators and biologic
drugs, nutritional therapy has an excellent safety profile, presenting with signifi-
cantly less adverse effects compared to any other type of treatment. Many adverse
effects of immunosuppressive drugs (thiopurines, methotrexate) and biologi-
cal drugs, especially the increased risk of infections and malignancy, have been
reported and are of major concern [6-9].

Since the discovery that exclusive enteral nutrition (EEN) that provides
adequate nutritional intake of all macro- and micronutrients over a sufficiently
long period can not only improve the nutritional status of patients but also allevi-
ate inflammation, such treatment has been extensively studied. There is strong
evidence that EEN is as effective as CS in inducing remission in patients with CD.
In paediatric patients, when it comes to the induction of mucosal healing, EEN
seems to be even more effective then CS [10-15]. EEN was also found to be able to
promote transmural healing [16, 17]. There are currently many different enteral
formulas available on the market. Some are elemental, semi-elemental and others
polymeric. They differ in flavour, energy density, osmolarity, content of dietary
fibre and some other nutrients but they all provide sufficient energy and essential
nutrients intake.

Patients with CD are often malnourished at the time of diagnosis and growth
retardation is frequently present in paediatric patients [18-20], so a positive
effect on nutritional status and growth represents an important additional
benefit of EEN [21]. Therefore, consensus guidelines of the European Society
of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the
European Crohn’s Colitis Organisation (ECCO) recommends EEN as a first-line
therapy in all children with active CD, including those with colonic involve-
ment [22]. Although, based on some initial studies, EEN had been shown to
be as effective as CS for induction of remission also in adult patients with CD
[23-27], subsequent studies did not confirmed this, and their meta-analyses
demonstrated that CS were more effective treatment option in adult CD patients
[13, 14, 28-31].

The reason for different efficacy of EEN in paediatric and adult CD popula-
tions is not completely understood. It may be due to longer disease course, higher
prevalence of more aggressive phenotypes and more permanent structural changes
of the bowel in adults. In addition, EEN is probably not so strictly adhered to in
adult patients, when compared to children, who are usually under supervision
from their parents. Children and especially adolescents are more motivated to
achieve remission through the use of EEN, as most of them decline CS treat-
ment due to appearance related side effects such as facies lunata, acne vulgaris
and increased hairiness [5, 22]. The difference may also be due to the lack of
well-designed randomised controlled studies in adult CD population. It has been
noted, that the conclusions of the meta-analyses on the superior efficacy of CS
in adults were mainly based on an intention to treat analyses, while when only
results of the patients who strictly adhered to EEN protocols were analysed, the
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remission rates were comparable to those receiving CS [32]. Anyway, except for
Japan, induction therapy with EEN is not common in adult patients with active
CD. Japanese guidelines recommend EEN as one of the treatment options for
active CD in adults [33], since a Japanese study reported that elemental EEN had

a higher rate of induction of remission in CD patients compared with CS and has
improved luminal lesions [34]. ECCO guidelines for medical management of adult
CD from 2016 recommended the use of EEN as an adjunctive treatment to improve
nutritional status and in patients who decline other drug therapy [35], while in the
most recent edition of this guidelines from 2019 EEN is not mentioned at all [36].
Recent guidelines of the European Society for Clinical Nutrition and Metabolism
(ESPEN) directly recommends EEN as a first line of treatment only for children
and adolescents, while an option to use EEN in selected cases of adults is men-
tioned only in fine print [37].

Despite the strong evidence of EEN efficiency in paediatric and potentially in
adult CD patients as well and its better impact on mucosal healing in comparison
with CS, EEN is not popular in many parts of the world. Its major disadvantage is
the need to consume exclusively enteral formulas, while avoiding all other foods
for along period, usually 6-8 weeks. This has a substantial impact on the quality
of life and is unacceptable for many patients. Although all formulas used for EEN
are designed for oral use, many patients (although there are significant differences
between parts of the world and between children and adults) accept them so poorly
that they must be administered via a nasogastric tube. To overcome this main
constraint, the idea of the use of partial enteral nutrition (PEN) instead of EEN
has emerged. Compliance and adherence to enteral nutrition would likely be much
better if patients could consume some ordinary food besides the enteral formula,
either unrestricted or in a form of specified elimination diets (ED). The ideal
candidates for PEN are therefore all patients who are not adherent to EEN and those
who do not want to receive CS due to their several side effects. In addition, there isa
growing body of research addressing the possibility of nutritional treatment of CD
with diets containing only a limited selection of ordinary foods without the addi-
tion of enteral formulas. Although there are many such diets, objective data on their
effectiveness are very limited.

Therefore, we limited our systematic review to the efficacy of therapeutic
approaches using PEN in combination with either unrestricted or specified ED for
induction of CD remission in adults and children, while other nutritional treatment
options are presented only in the outline of the discussion.

2. Literature search

A systematic literature search was conducted using PubMed Library on April 3,
2020. The following user query was used: (“crohn disease”[MeSH Terms] OR
“crohn”[Title/Abstract] OR “crohn disease”[Title/Abstract] OR “crohn’s”[Title/
Abstract] OR “crohn’s disease”[Title/Abstract]) AND (“enteral nutrition” [ MeSH
Terms] OR “enteral”[Title/Abstract] OR “enteral nutrition”[Title/Abstract])

NOT “parenteral”’[ Title/Abstract] NOT “exclusive”[Title/Abstract] AND
“english”[language].

Based on these criteria, from 399 publications identified in PubMed database
using these terms, 13 key articles were selected for further analysis, first identified
study being published in 1996 (only 3 articles were published before 2004). All
selected articles are gathered in Table 1.
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3. Results

3.1 Partial enteral nutrition (PEN) for induction of remission in active Chron’s
disease (CD)

Through a systematic search, we identified 8 original articles on the use of PEN
for induction of remission in active CD (Table 1). Of these, 5 papers presented
the results of prospective controlled trials, 2 randomised and 3 non-randomised,
while 3 papers described retrospective analyses of medical records of patient series.
Beside to the basic methodology, research differed most in how much of a daily
energy requirements patient received in the form of PEN and what they enjoyed as
the rest of their daily energy requirements, unrestricted diet or special ED. In addi-
tion, we found 3 original studies using PEN simultaneously with different medical
therapies for induction of remission [49-51]. It was impossible to determine how
much of the effect on a disease activity could be attributed to the PEN itself from
the result of these studies, so we did not include them in this review.

In 2006, Johnson et al. [52] published the results of the first prospective ran-
domised controlled trial on the efficacy of PEN compared with EEN in inducing
remission in active CD. Fifty children with active CD were randomised into two
groups. In the “PEN group’; children received 50% of their daily energy require-
ments from the elemental formula and 50% from an unrestricted diet. The control
group consisted of children, treated with EEN, with 100% of their daily energy
requirements provided from the elemental enteral formula. The remission rate after
a 6 week-treatment period was significantly higher in EEN group (10/24, 42%)
compared to the PEN group (4/26, 15%) (P = 0.035), pointing to a low efficacy of
PEN [52]. Of note, the intention to treat remission rate in this study using elemental
enteral formula was surprisingly low, even for EEN control group, in compare to
majority of other studies.

In a retrospective cohort study by Gupta et al. [53] from the Children’s Hospital
of Philadelphia (CHOP), the remission and response rates were determined in 43
children who were treated for active CD with PEN according to the CHOP protocol,
where all patients received 80-90% of their daily energy requirements from the
enteral formula (elemental, semi-elemental or polymeric) and the rest from an
unrestricted diet. This study showed a remission and response rate of 65% and 87%,
respectively, after a mean treatment period of 2 months (1-4 months) [53]. These
results are in line with the remission rates of EEN treatment reported from litera-
ture [12, 22, 54, 55]. Additionally, the study protocol with PEN was able to increase
weight and improve laboratory markers in children with CD. The authors concluded
that CHOP protocol, that allows patients to consume a small amount of ordinary
food, has an important positive impact on treatment adherence and on the quality
of life during the treatment period [53].

In a prospective cohort study, Lee et al. [56] compared clinical outcomes and
mucosal healing as estimated by faecal calprotectin in 90 children with active CD
receiving either PEN (n = 16), EEN (n = 22) or anti-tumour necrosis factor (TNF)
therapy (n = 52) for induction of remission. After an 8-week treatment period,
clinical response was demonstrated in 64% of patients on PEN, 88% on EEN, and
84% on anti-TNF (P = 0.08). EEN and anti-TNF were significantly more effective
in diminishing mucosal inflammation compared to PEN. The reduction of faecal
calprotectin to <250 pg/g was found in 14% of patients on PEN, 45% on EEN, and
62% on anti-TNF (P < 0.001) [56].

Wall et al. [57] performed a prospective non-randomised study including 38
adolescent and young adult patients with active CD. All patients were treated with
EEN for the first two weeks, six (16%) of them discontinued this treatment in a
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few days because of personal decision or intolerance to polymeric enteral formula.
After this initial period 21 patients were treated with EEN and 11 patients with
PEN allowing one meal of ordinary food per day for another 6 weeks. Seven (33%)
patients from EEN group and 2 (18%) patients from PEN did not complete the
treatment, predominantly because of complications and worsening of disease.
There was no significant difference between the groups (P = 0.5). During the initial
two weeks of treatment with EEN, clinical Harvey-Bradshaw Index (HBI), serum
C-reactive protein (CRP) and faecal calprotectin concentrations significantly
decreased (P = 0.003; P = 0.005, P = 0.028). The authors observed further clinical
improvement in patients who continued with EEN with significant decrease of HBI
(P = 0.031), while markers of inflammation remained stable. In the PEN group,
clinical condition and markers of inflammation did not significantly change during
6-week therapy. The authors concluded that there were no significant differences in
disease activity or inflammatory markers at week 8 between patients who used EEN
for 8 weeks compared with patients who used 2 weeks of EEN followed by 6 weeks
of PEN [57].

In contrast with aforementioned studies allowing to eat a certain proportion of
unrestricted ordinary food along with enteral formulas, other researchers combined
PEN with specially designed diets.

A group of investigators from Israel led by Arie Levine developed a special diet
named Crohn’s disease elimination diet (CDED), based on the exclusion of dietary
components hypothesised to affect either the microbiome, intestinal permeability,
or innate immune system involved in CD pathogenesis. It excludes animal fats, milk
and dairy, gluten and all processed and canned foods that contain additives (espe-
cially emulsifiers and maltodextrin) [58-60]. According to the authors’ hypothesis,
the major mechanism leading to response to EEN, is the exclusion of specific delete-
rious dietary factors which may impair the barrier function of the intestinal mucus
layer and epithelium that allows adherence and invasion of non-pathogenic bacteria
or bacterial antigens. The adherence of bacteria to the intestinal epithelium, their
penetration and replication within the cells of the innate immune system such as
epithelial cells, macrophages and dendritic cells can lead to continuous triggering of
the adaptive immune system and therefore to the chronic inflammation [59, 61].

In 2014 the group published a retrospective report on cohort of children
(n = 34) and young adults (n = 13) with active mild to moderate luminal CD who
had been treated with their PEN protocol for 12 weeks. The protocol consisted of
two stages. During the first 6 weeks, CDED was more restrictive and 50% of the
daily energy requirements was provided in the form of polymeric enteral formula.
In the second 6-week period, polymeric enteral formula was continued to supply
only 25% of daily energy requirements, while small amounts of whole grain bread,
and free intake of nuts, fruits, and vegetables were allowed. By week 6, a remis-
sion and response rate were 70.2% and 78.7%, respectively. The remission rates
were similar in children and adults. In paediatric patients mean Paediatrics Crohn’s
Disease Activity Index decreased from 27.7 + 9.4 to 5.4 + 8.0 (P < 0.001). Similarly,
HBI decreased from 6.4 + 2.7 t0 1.9 + 2.9 in adults (P < 0.001). At week 12, 27/32
(84%) patients, that were in remission at week 6, were still in remission after the
step-down phase. Normalisation in CRP was observed in 21/30 (70%) patients.
Surprisingly, 6/7 (86%) patients who were treated with only CDED, without
additional enteral formula, achieved remission as well [58].

In another retrospective analysis, same group reported their experience with
21 patients (11 adults and 10 children) who had lost response to biologic drugs
despite dose escalation or combination therapy and were treated with PEN by a
polymeric enteral formula and the CDED, 50% of daily energy requirements from
each, for the first 6 weeks, followed by 6-week step-down phase as described above.
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Paediatric patients with severe flares received 2 weeks of EEN followed by PEN
and CDED. Clinical response was obtained in 19/21 (90.4%) patients, and remis-
sion in 13/21 (62%). Mean HBI decreased from 9.4 + 4.2t02.6 + 3.8 (P < 0.001).
Three out of the four (75%) patients who used the CDED alone without any enteral
formula supplementation, entered clinical remission. Significant decrease in CRP
(P < 0.001) and increase in albumin concentrations (P < 0.005) were observed.
The authors concluded that dietary treatment combining PEN and CDED may be a
useful salvage regimen in CD patients failing biological therapy [62].

In 2019, Levine et al. [63] published the results of the multicentre prospective
randomised controlled trial comparing the efficacy of standard EEN with CDED
coupled with PEN for the induction of remission of CD. Seventy-eight children with
mild to moderate active luminal CD were randomised either to EEN for 6 weeks fol-
lowed by 25% of daily energy requirements intake with PEN and gradual introduc-
tion of ordinary foods during next 6 weeks or to CDED 50% and PEN 50% for the
first 6 weeks followed by step-down phase CDED 75% (as explained before) with
PEN 25% for the second 6 weeks. The primary endpoint of the study was patients’
tolerance to both treatment regimens. The secondary endpoints were clinical
response, normalisation of laboratory markers, including calprotectin as a surrogate
marker for mucosal inflammation and changes in faecal microbiota. The combina-
tion of CDED and PEN was tolerated by significantly more participants (97.5%)
than EEN (73.6%) (P = 0.002). At week 6, the remission rate in both groups did not
differ significantly (P = 0.38). Thirty of 40 (75%) patients treated by CDEC and
PEN achieved remission in compare with 20/38 (59%) treated by EEN. However, at
week 12, significantly more patients given CDED and PEN group (75.6%) were in
remission compared with children given EEN and then PEN without dietary restric-
tions (45.1%) (P = 0.01) [63].

Recently, Urlep et al. [64] published a prospective cohort study on efficacy of
PEN combined with ED, a diet resembling CDED and based on basic foods, com-
pared with EEN for inducing a remission in children with active CD. Twenty-five
patients were allocated to a 6-week nutritional therapy with either EEN or PEN
combined with one meal per day consisted of food from ED (approximately 25% of
daily energy requirements). In addition to clinical evaluation and laboratory tests,
ileocolonoscopy was performed before and after 6 weeks of treatment to directly
assess the mucosal inflammation by using Simple Endoscopic Score (SES-CD).
Clinical remission rates were similar in EEN and PEN with ED group (69,2% and
75%, respectively; P = 0.999). The endoscopic remission rates were 45.5% in both
groups, and mucosal healing rates were also 45.5% in EEN group and 27.3% in
PEN with ED group (P = 0.659). The study revealed that PEN in combination with
relatively easy-to-keep ED was as effective as EEN for induction of both clinical
and endoscopic remission [64]. However, current ECCO/ESPGHAN guidelines on
medical management of paediatric CD do not recommend using PEN for the induc-
tion of remission [22].

3.2 Partial enteral nutrition (PEN) as maintenance therapy in Chron’s
disease (CD)

Summary of key studies on efficacy of PEN in maintaining CD remission in
adult and paediatric CD patients is presented in Table 1.

3.2.1 PEN for maintenance therapy in adult CD

Already, in the year 1983, Harries et al. [65] reported a beneficial effect of
additional enteral supplementation on the maintenance of CD remission. They
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conducted a controlled cross-over study in a cohort of 28 malnourished adult

CD patients. For a two-month period (control period) the patients were on an
unrestricted diet and for the next two-month period they received supplementary
polymeric enteral formula (treatment period). The study demonstrated that the
addition of enteral formula had a beneficial effect not only on the nutritional status,
but also on the disease activity [65].

Ten years later, Hirakawa et al. [66] conducted a prospective controlled study in
61 CD patients who achieved remission with EEN. They were divided into 4 groups
and followed-up for 1, 2 and 4 years. For maintenance of remission the first group
of patients was receiving PEN in a form of elemental enteral formula in addition
to their unrestricted diet. In the second group the same nutritional regimen was
combined with standard medications. In the third group, only medical therapy
was used, while the fourth group stayed on an unrestricted diet and without any
medicines. The cumulative remission rates after 1, 2, and 4 years were significantly
better in the elemental hyperalimentation group, compared with all other groups.

It was concluded, that therapy with enteral nutrition has a role not only in inducing
remission, but also for the maintenance of remission in CD patients [66].

In a non-randomised cohort study by Verma et al. [38], PEN was found to
be more effective than an unrestricted diet for remission maintenance at 1-year
follow-up. Adult patients with CD remission (n = 39) were divided into two groups
according to their choice. Twenty-one out of 39 patients received elemental enteral
formula (35-50% of daily energy requirements) in addition to their unrestricted
diet, while the remaining 18 patients chose to have an unrestricted diet. On an
intention to treat basis, 10 patients (48%) in the first group and 4 patients (22%) in
the second group were still in remission at 12 months of follow-up (P < 0.000) [38].

In 2001, the same authors studied 33 CD patients with CS-dependent disease
who were all in remission at the start of the study. They all received enteral formula
in an amount that provided 35-50% of their daily energy requirements. Patients
were randomised to receive either an elemental formula (n = 19) or a polymeric for-
mula (n = 14) and were followed up for 12 months. Failure of maintenance therapy
was defined by an increase in the Crohn’s Disease Activity Index, inability to cessate
CS or the need for surgery. According to the per-protocol data analysis, the suc-
cess rate of PEN in CS-dependent patients was 14/27 (52%). The response was not
significantly different between elemental (42%) and polymeric (43%) groups [39].

In a study by Takagi et al. [67], CD patients in remission, achieved with differ-
ent treatment modalities (with CS, 6-8 weeks EEN, surgery, infliximab (IFX)),
were randomly assigned to two groups. In the “half elemental diet group« (n = 26)
patients received half of their daily energy requirements from an elemental enteral
formula (900-1200 ml daily) and half from an unrestricted diet. Patients in the
second group (n = 25) were on an unrestricted diet. The relapse rate was signifi-
cantly lower in the half elemental group (9/26; 34.6%) in comparison with the unre-
stricted diet group (16/25; 64%) (P < 0.01), after a mean follow-up of 11.9 months.
According to the results of this randomised controlled trial, with a low risk of bias,
PEN seems to be a promising maintenance therapy in CD [67].

In 2006 Esaki et al. [68], conduct a retrospective study which was designed to
determine risk factors for recurrence of CD under enteral nutrition. They include
145 patients with CD, who were primarily induced into remission by total parenteral
nutrition. The patients were classified into two groups: enteral nutrition group
(n = 98; 1200 kcal/day of enteral nutrition), or non-enteral nutrition group (n = 47;
< 1200 kcal/day of enteral nutrition) according to the amount of their daily elemen-
tal or polymeric diet. Contributions of enteral nutrition and other clinical variables
to the recurrence were analysed retrospectively. They conclude that among patients
with CD under maintenance enteral nutrition, the risk of recurrence differs
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according to the disease type and the site of involvement. The maintenance treat-
ment by enteral nutrition alone seems insufficient for patients with penetrating
type or with colonic involvement [68].

In 2007 Yamamoto et al. [40] confirmed the positive impact of PEN in main-
taining CD remission. They conducted a prospective controlled non-randomised
study in 40 CD patients in remission. Patients in the enteral nutrition group (EN
group; n = 25) received elemental enteral formula (1200-1800 ml daily) via a
nasogastric tube at night and a low-fat diet during the day. Non-EN group (n = 20)
was on an unrestricted diet. On an intention to treat basis, 5 patients (25%) in the
EN group and 13 patients (65%) in the non-EN group relapsed during the 1-year
follow-up period (P = 0.03). Furthermore, they demonstrated that the mucosal
tissue levels of interleukin (IL) 1 beta, IL-6 and TNF-alpha significantly increased
in the non-EN group during 1 year of follow-up, while the levels of these cytokines
in the EN group did not change significantly. Similarly, the mucosal inflammation
seen by ileocolonoscopies was significantly increased in the non-EN group. The
researchers concluded that PEN is effective in diminishing clinical relapse rates and
in suppressing cytokine production and mucosal inflammation in CD patients who
entered clinical remission. Limitations of the study are its relatively small number
of patients and a non-randomised design. Only patients with good compliance were
assigned to the EN group, therefore, the bias of the study is high. Nevertheless, this
study clearly shows that PEN has a positive effect not only on clinical activity but
also on inflammation of the gut mucosa [40].

In 2009, Takagi et al. [69] investigated the quality of life of patients on PEN for
maintenance of remission and the medical cost of this treatment regimen. This
is an extension study of their previous randomised controlled trial [67], which
showed that quality of life did not significantly differ between the two groups of
patients; the PEN and the non-PEN group. Interestingly, there was also no statisti-
cally significant difference in the medical costs between these two groups of CD
patients [69].

Yamamoto et al. [41] conducted a prospective study to examine the efficacy of
combined PEN and IFX maintenance treatment. Patients who achieved remission
with IFX and were treated with regular IFX infusions to maintain remission (5 mg/
kg every 8 weeks) were divided into two groups. In the first group patients received
IFX with concomitant PEN (1200-1500 ml of elemental enteral formula at night
and low-fat diet during the day). The second group was treated only with mainte-
nance IFX without PEN. Surprisingly, there was no statistically significant differ-
ence observed in remission rates between the two groups at the end of the 56-week
follow-up (P = 0.51) [41]. However, this study was not randomised, and it involved
only a small cohort of patients.

On the contrary, other studies demonstrated the beneficial effect of combined
PEN and IFX maintenance treatment. In a retrospective study by Hirai et al. [42],
45 patients on maintenance therapy with IFX received concomitant PEN (elemental
formula; > 900 kcal daily) and 57 patients were administered only IFX without
PEN. The patients were followed for 544 + 27 days. The cumulative remission rate
was significantly higher in the combined PEN and IFX group in comparison to
the non-combined group (P = 0.009) [42]. The authors hypothesised that PEN
contributed to the positive effect of maintenance IFX due to its anti-inflammatory
effect [70-73], the effect on cytokine production and the beneficial effect on gut
microbiota [74-77].

Similar findings were observed in a multicentric retrospective study by Kamata
etal. [78]. They found that concomitant PEN (> 900 kcal daily) during IFX
maintenance therapy significantly prolonged the remission period. The group of
CD patients treated with combined PEN and IFX therapy showed significantly
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lower cumulative loss of response rate in comparison with the non-combined group
(P < 0.049). The authors believe that PEN may decrease intestinal inflammation,
therefore less serum IFX levels may be effective for controlling the disease [78].

In a meta-analysis by Nguyen et al. [79], the effect of concomitant PEN therapy
with IFX in comparison with IFX monotherapy was assessed for maintenance of CD
remission. Four studies met the inclusion criteria [41, 42, 80, 81]. In the group of
patients on the combined PEN and IFX therapy, significantly higher percentage of
patients (74.5%) remained in clinical remission in comparison with the IFX mono-
therapy group (49.2%) after 1 year of follow-up period (P < 0.01) [79].

Hanai et al. [43] conducted the only adult randomised controlled study com-
paring the efficacy of PEN with 6-mercaptopurine (6-MP) in maintaining CD
remission. They studied 95 patients with CD in remission who were split into 3
groups. All patients took 5-aminosalicylic acid (2250-3000 mg per day). In the
first group (n = 30) they received 6-MP (0.5-1.5 mg/day), in the second group
(n = 32) they were on PEN (elemental enteral formula; > 900 kcal daily and intake
of 3.5-4.0 kcal/kg/day from food in line with the recommendation of a qualified
dietician), in the third group (n = 33) patients received only 5-aminosalicylic acid
(control group). The percentage of patients who were still in remission after 2 years
of follow-up were 56.7% (MP group), 46.9% (PEN group) and 21.2% (control
group), respectively. There was a significantly higher remission rate in the PEN
group versus the control group (P < 0.034). Furthermore, the remission rates
between PEN and MP group did not differ significantly (P = 0.273) [43]. Although
this is a prospective randomised controlled study, its limitation is relatively small
sample size. Therefore, further larger studies should be conducted to confirm these
results. As thiopurines are drugs with many side effects [82], results of such studies
would be desirable to decide upon an appropriate maintenance therapy, that should
have a high ratio between efficiency and adverse effects.

3.2.2 PEN for maintenance therapy after surgery in CD patients

Some smaller retrospective studies demonstrated that therapy with enteral
nutrition had reduced relapse rate after surgery in CD patients [83, 84].

In Ikeuchi et al. [83], they examined the effects of postoperative nutritional
therapy in patients with perforating and non-perforating type of CD. They
retrospectively reviewed the records for 218 patients who underwent surgical
interventions for CD between 1974 and 2001. Patients were divided into four
groups: 92 patients in the non-perforating type group had received an elemental
diet, 22 patients in the non-perforating type had received an unrestricted diet, 88
patients in the perforating type had received an elemental diet and 16 patients in
perforated type had received an unrestricted diet. They conclude that in patients
with CD postoperative elemental diet and nutritional education is effective in
reducing the incidence of second resection. It appears that postoperative elemen-
tal diet and nutritional education is more important in patients with perforated
type CD [83].

Therefore, Yamamoto et al. [85] conducted the first prospective non-randomised
study in 40 consecutive adult patients after resection for ileal or ileocolonic CD.
Patients were assigned either to the PEN group (n = 20) or to the control group
(n = 20) with an unrestricted diet. In the PEN group, patients received elemental
enteral formula (1200-1800 ml daily) at night, through a nasogastric tube, and a
low-fat diet during the day. Patients from both groups additionally took 5-aminosali-
cyilic acid 3000 mg daily. Ileocolonoscopy was performed at 6 and 12 months after
surgery. One patient from the PEN group (5%) and 7 patients (35%) from the con-
trol group relapsed during the 1-year follow-up period (P = 0.048). Furthermore,
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6 patients (30%) in the PEN group and 14 patients (70%) in the control group
developed endoscopic recurrence by 12 months after surgery (P = 0.027) [85].

In 2013 the same authors published an extension study on the long-term efficacy
of PEN as a maintenance therapy in CD patients who underwent surgery. Twenty
patients were on PEN, delivered as a continuous elemental enteral formula during
the night-time, and on a low-fat diet during the day. Twenty control group CD
patients were given an unrestricted diet without therapy until disease recurrence.
Recurrence rates after 5-year-follow-up were significantly lower in the PEN group
compared to the control group (P = 0.02). This study confirmed the results of the
previous study and showed that PEN may be effective in maintaining remission in
CD patients after surgery [44]. However, both studies included a small number of
patients and only the highly compliant ones were assigned to PEN group, so the risk
of bias was high.

3.2.3 PEN for maintenance therapy in paediatric CD patients

In 1982 Navarro et al. [86] first reported the use of prolonged constant rate
elemental enteral nutrition (CREN) in CD. It has been used in 17 paediatric patients
with CD. Exclusive CREN was maintained from 2 to 7 months and progressively
reduced to assure fractioned oral intakes from 12 to 22 months. From this prelimi-
nary study, CREN appeared to be as effective as CS therapy in initiating remission
of active CD and was able to supress CS dependence. In some cases, with prolonged
CREN, reduction or disappearance of stenotic lesions of the bowel was observed.
Two other positive points must be emphasised: the favourable psychological impact
of the method and the ability to avoid growth suppression secondary to CS. The
long-term effects and longer remission must be confirmed by a multicentre study in
alarger group of patients [86].

In 1988 Belli et al. [87] demonstrated decreased activity of CD and improvement
in growth in a group of 8 children who had received elemental enteral formula at
cyclical periods of time (one out of 4 months) for 1 year [87]. Although this was
a small study, it encouraged further investigations on maintenance therapy with
enteral nutrition.

Wilschanski et al. [45] conducted a retrospective study on 47 children and
adolescents with CD who achieved clinical remission after EEN induction therapy.
Twenty-eight patients continued with nocturnal PEN through a nasogastric tube
and 19 patients consumed an unrestricted diet without enteral supplementation.
The relapse rate was significantly higher in patients on an unrestricted diet in
comparison with those who were treated with PEN at 6 (P < 0.001) and 12 months
(P < 0.02), respectively. Furthermore, the group of patients on nocturnal PEN who
had not yet completed puberty had improved linear growth compared to similar
patients who were on an unrestricted diet [45].

On the contrary, Knight et al. [46] did not confirm the better outcome in
patients receiving PEN. They retrospectively studied the short and long-term
outcomes of using enteral nutrition for induction and maintenance of remission
in paediatric CD patients. Out of 79 newly diagnosed CD patients, 44 (55%) chose
EEN as the primary induction therapy and 40 (90%) of those responded to treat-
ment. These 40 patients were then encouraged to continue with maintenance PEN
(1000 ml of elemental or polymeric enteral formula daily) in addition to an unre-
stricted diet, but only 22 (55%) were able to accept the PEN treatment protocol.
The authors did not find a statistically significant difference in the remission rates
between the two groups [46]. However, the consumed volume of enteral formula
was not carefully recorded, this could have affected the results and may have led to
the higher rate of treatment failure [46].
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A study by Duncan et al. [47] showed completely opposite results. In this
retrospective study, 48 CD patients who entered clinical remission or responded
to an eight-week treatment with EEN, were encouraged to continue a maintenance
therapy with 25% of the volume of the previously used elemental or polymeric
enteral formula. Only 15 out of 48 (31%) patients chose PEN, for a mean time of
11 months (range 4-14 months). Twenty (42%) patients took azathioprine and 13
(27%) patients had no maintenance treatment. Remission rates at one year were
60% in the PEN group, 65% in the azathioprine group and 15% in the control
group. There was a significantly higher remission rate in the PEN group versus the
control group (P = 0.001). Furthermore, remission rates between PEN and azathio-
prine group were not significantly different (P = 0.14) [47].

In 2015 Konno et al. [88], reported their real-life data on the long-term outcome
of maintenance treatment with PEN in a consecutive cohort of 58 paediatric CD
patients who entered remission with different treatment regimens. All 58 patients
received PEN with a least 30 kcal/kg/day of elemental enteral formula in conjunc-
tion with a low-fat diet (< 20 g fat/day). In addition, they were treated only with
5-ASA, until first relapse. Fifty-two out of 58 patients took enteral formula orally
and the remaining 6 through a nasogastric tube. The relapse rates were 12% at
1 year, 27% at 2 years, and 48% at 5 years, respectively [88]. This study surprisingly
showed that approximately half of the children who received PEN as a maintenance
therapy were able to sustain remission for 5 years without taking other medication
such as immunosuppressives.

Schulman et al. [89] studied 42 CD paediatric patients who entered clinical
remission after EEN and received PEN as a supplementary diet (50% of daily
energy requirements as polymeric enteral formula). The control group consisted of
patients who refused PEN. They found that the total increase in body mass index
(BMI) and the total decrease in the mean weighted Paediatric Crohn’s Disease
Activity Index between the time of diagnosis and eight months after diagnosis were
greater in the PEN group compared to the control group. Furthermore, in the PEN
group there was better improvement in albumin and CRP levels in comparison with
the control group. However, more than 50% of patients required concomitant main-
tenance therapy within two weeks of PEN initiation and most of patients required
concomitant immunosuppressive therapy at some point after initiation of PEN [89].

Gavin et al. [48], reported real-life data on their experience with EEN as induc-
tion therapy and PEN as a maintenance therapy. 102 newly diagnosed paediatric CD
patients were included. Seventy-seven (75%) patients were treated with a 6-8-week
course of EEN and the remaining 25 with CS (25%). The remission rate in the EEN
group was 76% and in the CS group 75% respectively. Following induction treat-
ment, 58 out of 102 (57%) patients received PEN as a maintenance therapy (median
30% of daily energy needs; range from 13 to 65% of daily energy requirements
of polymeric or elemental formula) and rest as an unrestricted diet. Forty-four
out of 102 (43%) patients consumed an unrestricted diet for a median duration
of 4 months (range 1-12 months). The increase of BMI z-score was significantly
higher in the PEN group in comparison with the unrestricted diet group. However,
relapse rates were similar in both groups at 6 and 12 months [48].

El-Matary et al. [90], published a systematic review on the efficacy of mainte-
nance PEN. Databases were searched to April 2015. Twelve studies met the inclusion
criteria; however, a meta-analysis was not performed due to the excessive hetero-
geneity of the studies. Out of these 12 studies, 11 of them had shown a beneficial
effect of PEN in maintaining remission, therefore, authors concluded that PEN was
more effective than unrestricted diet in maintaining CD remission [90].

Gavin et al. [91] conduct a survey including patients, parents and UK dietitians
regarding their experience with maintenance enteral nutrition (MEN) which is
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often routinely used in paediatric CD to prolong remission although there is limited
evidence for efficacy and a lack of formal guidelines. They identified a different
perspective between patients, families and professionals on the use of MEN. Young
people and parents reported difficulties with adherence to MEN especially due to
the taste and they stated a preference for dietary advice. This study advocates that
the extensive use of MEN in clinical practice is limited to comply with ESPGHAN
recommendations. Patient led care promotes the use of dietary advice as a mode of
nutritional support during inactive disease [91].

In Kim et al. study [92], they determine the abilities of EEN and PEN to induce
and maintain clinical remission in paediatric patients with CD, respectively. All
paediatric patients with CD who received EEN at a single centre in 2000-2014 were
identified retrospectively. Remission rates of the EEN and PEN during the 2 years
study period were determined. Risk factors for EEN and PEN failure were also
identified. They conclude that EEN and PEN effectively induced and maintained
remission in a paediatric population. However, non-adherence was a limiting factor
in the success of therapy, especially in females [92].

In Watanabe et al. [93], they investigate the effectiveness of enteral nutrition
with an elemental diet regarding the avoidance of hospitalisation. Altogether 268
patients with CD who visited hospital from 2003 to 2008 were enrolled. The rela-
tionship between the proportion of energy consumed with an elemental diet and
hospitalisation as an endpoint was examined retrospectively. They conclude that the
use of an elemental diet of 900 kcal/day may be effective in avoiding hospitalisation
in CD patients with ileal lesions. However, this diet may be useful in improving the
long-term convalescence of these patients [93].

According to the current ECCO/ESPGHAN clinical guidelines on CD, in chil-
dren with low-risk CD who achieved clinical remission, monotherapy with main-
tenance enteral nutrition (at least 50% of daily energy requirements) can prolong
remission [22].

4, Conclusions

Despite the evidence that EEN is an effective and safe therapeutic option in
inducing remission in paediatric and potentially in adult active CD and it is sub-
stantially more effective in promoting mucosal healing compared to CS, it is still
underused in clinical practice. Its biggest disadvantage is patients’ compliance.
Taste fatigue due to the poor palatability and the subsequent negative impact on the
quality of life remain the most important reasons why EEN therapy is not accept-
able to many patients. Thus, the use of PEN, where some ordinary food, besides
enteral formulas, can be consumed, is rapidly becoming an interesting therapeutic
option. Unfortunately, the first well designed, prospective randomised controlled
trial on PEN did not confirm PEN efficacy in inducing remission in active CD [52].
However, some recent small and retrospective studies pointed to the possible benefi-
cial effect of PEN in active CD. Larger prospective randomised studies are needed to
examine the possible role of PEN in inducing remission in paediatric and adult CD.

While EEN is not an acceptable therapeutic option for maintenance of CD
remission in clinical practice, several studies examined the efficacy and the useful-
ness of PEN in maintaining remission in adult and paediatric CD (Table 1). The
results were conflicting. Most of these studies were non-randomised, with only a
small number of patients included. However, the results of some recent studies,
including the Japanese randomised controlled trials with a large enough sample
size and a sufficiently low risk of bias [67], were promising and indicated that PEN
might be effective in maintaining CD remission.
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Due to the excellent safety profile of enteral nutrition, treatment with PEN in
inducing and maintaining remission in CD patients merits further investigation.
Larger, well-designed, randomised controlled studies on the efficacy of PEN as a
monotherapy or in combination with other medications and/or ED are needed in
adults and the paediatric CD population.
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Chapter 5

Apheresis in Inflammatory Bowel
Disease: Current Evidence

Daniel Vasile Balaban and Mariana Jinga

Abstract

Inflammatory bowel diseases (IBD) have become a major focus for gastroenter-
ologists worldwide, with the increasing incidence and complexity of cases, which
pose therapeutic challenges. Currently available approaches fail in controlling the
disease activity in a significant proportion of patients and some of the therapies are
associated with significant adverse events. Although new molecules are on the hori-
zon and treatment strategies have been optimized, novel therapeutic tools are much
needed in IBD for patients who fail to attain control of the disease. Apheresis is now
a common non-pharmacological therapeutic modality used in several pathologies,
IBD also. In the current review, we summarize currently available evidence with
respect to selective apheresis in IBD.

Keywords: inflammatory bowel disease, ulcerative colitis, Crohn’s disease, apheresis,
leukapheresis

1. Introduction

Inflammatory bowel diseases (IBD), comprising ulcerative colitis (UC) and
Crohn’s disease (CD), are chronic inflammatory conditions of the digestive tract
with a relapsing-remitting course, which can dramatically decrease patients’ quality
of life. With a steadily increasing incidence worldwide [1] and with the growing
needs and demands from patients, IBD have become a major focus for the gastro-
enterology community, both practitioners and researchers. Over the last decades,
management of IBD has improved considerably, but is quite far from being satisfac-
tory for a significant number of patients. Currently, the therapeutic armamentar-
ium includes several drug regimens, endoscopic therapies, and surgery. Despite the
development of novel targeted molecules and optimization of treatment strategies
in IBD, some patients fail to achieve disease control with currently available treat-
ment options. Moreover, drug-based therapies are associated with significant
adverse events and contraindications, which may lead to treatment discontinuation
or even refusal of therapy. Not least, chronic use of conventional therapies is associ-
ated with loss of response, which can pose challenges in the long-term control of the
disease. In this setting, novel therapeutic approaches have been searched for by the
scientific community and apheresis has emerged as a promising non-pharmacologic
treatment option in IBD.

Although guidelines are not frequently reporting it [2], several successful
experiences have been reported so far in the literature. In this chapter, we will sum-
marize current evidence regarding apheresis in IBD.
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2. Principles of apheresis in IBD

Apheresis techniques are being used in many medical specialties, from nephrol-
ogy and intensive care to gastroenterology. It consists of depleting the patient’s
blood from certain components (cells, cytokines, or other molecules) depending
of the filter used and the indication. Its applications in digestive pathology include
alcoholic hepatitis [3], hepatitis C-associated cryoglobulinemia [4], hypertriglyceri-
demia-induced acute pancreatitis [5], and IBD.

IBD is undoubtedly characterized by complex pathogenesis, but leucocytes play
a key role in driving the bowel inflammation. Most of the conventional treatments
in IBD address the proinflammatory cytokines released by the activated leucocytes,
while apheresis acts by extracting the white cells (specifically a subset of WBCs)
from the patient’s blood, either by centrifugation or by passing the blood through an
adsorptive device. Initially, centrifugation was used to deplete the activated leuko-
cytes from the patient’s blood; this reduction in the number of WBCs proved benefi-
cial for IBD patients but had limitations generated from the nonspecific removal of
leukocytes. To overcome these limitations, columns containing membrane filters or
adsorbing beads have been developed to selectively remove the desired level of WBCs.

Regarding the use of apheresis in IBD, its benefits reside from depleting the
blood from certain subtypes of leucocytes, which migrate into the bowel wall and
fuel the local inflammatory response. This selective removal of specific white
cells—mostly granulocytes and monocytes—is being regarded as a technique of
extracorporeal immunomodulation, with proven benefits for IBD patients; besides
this selective depletion of granulocytes and monocytes/macrophages, several other
beneficial changes in the inflammatory cascade of IBD patients have been reported
and could contribute to the efficacy of apheresis in IBD [6].

A schematic description of leukocyte apheresis in IBD is represented in Figure 1—
the patients’ blood is passed through a filter which selectively removes white cells
(mainly granulocytes and monocytes) and then returned to the patient’s body; the
resulting blood has fewer leukocytes and in turn there are (?) less of them to fuel the
inflammation in the bowel wall. As for other extracorporeal machines, anticoagulation
is used during leukapheresis for IBD.

First reports of apheresis in IBD date back from 1980s [7], when centrifugal leu-
kocytapheresis was used in patients with Crohn’s disease. With this technique, the
patient’s blood was depleted by about 55% of lymphocytes, 40% of granulocytes,
and a significant amount of red blood cells and platelets [6].

Subsequent models for apheresis incorporated a filter or a column for the
selective removal of certain blood components. Currently, there are two leukocyte
adsorptive devices available for apheresis in IBD patients [6, 8]:

* Adacolumn (Japan Immunoresearch Laboratory, Japan), a granulocyte/mono-
cyte apheresis (GMA) system which consists of a column filled with cellulose-
coated acetate beads that selectively remove granulocytes and monocytes
through binding of FCyR (Fc gamma receptor—a receptor for the Fc portion
of IgG), and to a lesser extent lymphocytes, as they do not express FCyR [9].
The device adsorbs 65% of granulocytes, 55% of monocytes, and only 2%
of lymphocytes and few platelets [10]. Patients usually undergo one or more
sessions per week up, according to different protocols.

* Cellsorba (Asahi Medical, Japan), a leukocyte apheresis (LCAP) system
represented by a column containing non-woven polyester fibers, which retain
leucocytes as follows: 90-100% of granulocytes and monocytes, 30-60% of
lymphocytes, and a certain amount of thrombocytes [11, 12].
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Figure 1.
Schematic representation of apheresis in IBD.

3. Leukapheresis in IBD

Leukocyte apheresis (leukapheresis) has been evaluated in several trials as a
treatment option in patients with steroid-dependent or steroid-refractory UC/

CD and in moderate-severe disease unresponsive to conventional therapy. The
standard protocol implies that the patient has one apheresis session (60 minutes
duration) per week for 5-10 consecutive weeks, but others have proposed modified
protocols with more intensive therapy (2 sessions per week, 90 minutes duration).
Common adverse reactions include dizziness, headache, and mild, transient fever.
The procedure has a good safety profile and is usually well tolerated. Leukapheresis
allows IBD patients to taper or even get off steroids and to achieve earlier remission
[13]. Besides patients with steroid-dependent and steroid-refractory disease, it has
proven efficacious in steroid-native patients also. A major issue of leukapheresis is
cost, but considering the elimination of the need for steroids and their complica-
tions and the need for hospitalization for flaring, this non-pharmacologic technique
may be cost-effective for selected patient categories [14]. A selection of studies
reporting its efficacy and safety is presented in Tables 1 and 2.

Most of the above papers report on the efficacy and safety of apheresis tech-
niques in difficult to treat patient categories—steroid-dependent/-resistant or
refractory to conventional treatment, UC being studied more than CD. However,
while early observational studies have reported very high response or remission
rates (up to 80%) in these difficult to treat patients, a randomized controlled trial
comparing GMA to sham (placebo) showed much lower remission rates and no
significant differences between the compared groups than in previous studies [36].
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Author, year Indication No. of patients Overall response Adverse
rate events
(number
or %)
Shimoyama UC (refractory 53 58.5% of patients 9.4%—8
etal., 2001 [15] to conventional had remission or non-severe
treatment) improved AE (in5
patients)
Tomomasa Pediatric UC 12 67% improvement 9%
etal., 2003 [16] (steroid-refractory)
Hanai etal., ucC 31 81% remission 18%
2003 [17] steroid-refractory in steroid-
8 steroid naive refractory, 88% in
steroid-naive
Matsui et al., CD (refractory 7 71.4%
2003 [18] to conventional
treatment)
Hanai etal., ucC 46 83% remission at 21.7% (10
2004 [19] (steroid-dependent) week 12 mild AE)
Suzuki et al., UC (steroid-naive) 20 85% remission 10%
2004 [20]
Kusaka et al., CD (un-responsive 6 66.6%
2004 [21] to conventional
treatment)
Fukudaetal., CD (moderate-severe, 21 52.4%
2004 [22] unresponsive to
standard therapy)
Naganuma UC (steroid-refractory 44 55% remission 5%
etal., 2004 [23] or -dependent) +20% clinical
response
Yamamoto UC (mild-moderate) 30 70% clinical 27% (in 8
etal., 2004 [24] remission patients, 9
sessions)
Domenench UCand CD 14 (13) UC, 12 62% remission in 4
2004 [25] (10) CD UC, 70% in CD
Kanke et al., UC (mild to severe) 60 23% remission, 18%
2004 [26] 60% improvement
Kim et al., UC (refractory 27 70% improvement 11%
2005 [27] to conventional
treatment)
Kruis et al,, uC 39 (35) 37.1% clinical 1
2005 [28] remission and
28.6% endoscopic
remission
D’Ovidio etal., UC (mild-moderate, 12 75% clinical None
2006 [29] steroid dependent/ response
refractory)
Ikeda et al., Pediatric UC 4 75%
2006 [30]
Sands et al., IBD 15UC,15CD Response—45.5% No SAE
2006 [31] UC, 64.3% CD
Muratov et al., IBD (relapse 10 (7 CD, 3UC) 50% remission No SAE
2006 [32] or refractory to
conventional
treatment)
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Author, year Indication No. of patients Overall response Adverse
rate events
(number
or %)
Ljung etal,, UC, CD, and 100 69% remission or 15
2007 [33] indeterminate response
colitis (mostly
steroid-refractory or
steroid-dependent)
Yamamoto ucC 50 52% clinical
etal., 2007 [34] remission, 34%
endoscopic
remission
Brescietal., ucC 40 70% clinical 1
2007 [35] response
Sandsetal., UC (moderate-severe) 169 17% clinical —
2008 [36] remission in GMA-
group (vs 11%
sham-treatment
group)
Maiden etal., UCand CD 29 72.4% clinical 55% mild
2008 [37] remission at and transient
6 months headache
No SAE
Hanai etal., UC (moderate or 70 (35 74.3% clinical 5mild AE
2008 [38] severe) randomized to remission at 2
Adacolumn) 12 weeks discontinued
Tanakaetal., ucC 45 73.3% clinical No SAE
2008 [39] remission Transient
flushing
and light-
headedness
in few
patients
Sakataetal., UC (moderate-severe) 39 randomized 76.5% clinical No SAE
2008 [40] (17 Adacolumn, improvement
21 Cellsorba) in Adacolumn-
group, 66.7% in
Cellsorba-group
de Carpietal., Pediatric IBD 9(5UC, 4CD) 55.5% remission No SAE
2008 [41]
Hibi etal., 2009 UC (severe, refractory 697 77.3% 7.7% mild-
[42] to conventional moderate
medications) No SAE
Sakuraba etal., UC (mild-to- 163 Clinical No GMA-
2009 [43] moderately active UC) remission—54.0% related SAE
in weekly GMA
and 71.2% in
intensive GMA
Cabriadaetal., ucC 18 (Cellsorba—2, 55% clinical None
2010 [44] (steroid-dependent) Adacolumn—16) remission
(induction),
50% endoscopic
remission
Yamamoto UC (endoscopically 124 45% clinical

etal., 2010 [45]

active)

remission
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Author, year Indication No. of patients Overall response Adverse
rate events
(number
or %)
Lindberg etal., IBD (unresponsive 15UC, 25CD 85% clinical 6 AE
2010 [46] to conventional response, No SAE
treatment) 65% complete
remission
Bresci et al., Refractory CD 16 63.3% clinical No SAE
2010 [47] remission
D’Ovidioetal., UC (steroid 69 58% responders 2mild, 1
2011 [48] dependent/refractory) transient
arrhythmia
Cabriada etal., uC 142 41% remission 1SAE
2012 [49] (steroid-dependent) at 6 months,
36% remission at
12 months
Yokoyama ucC 43 53.5% clinical No SAE
etal., 2013 [50] remission rate
Saccoetal., IBD 118 (83 UC, 35 71% UC clinical
2013 [51] CD) remission, 63%
CD
Fukuchi etal., CD 22 81.8% clinical No SAE
2014 [52] remission at
52 weeks
Yoshimura CD (moderate-severe) 104 Remission—35.6% 22.2%
etal., 2015 [53] inweekly GMA,
35.2% in intensive
GMA
Tanida etal., Refractory UC 9 55.6% cumulative 3
2015 [54] clinical remission
at 10 weeks
Kruis et al., ucC 168 (165'—68 23.9% remission
2015 [55] with microscopic with GMA vs. 0%
erosion/ sham
ulceration)
Dignass etal., UC (steroid- 86 39.3% clinical Majority
2016 [56] dependent, moderate- remission, 56% mild-
to-severe, with clinical response moderate
insufficient response
or intolerance to
immunosuppressants
and/or biologics)
Ruuska et al., Pediatric UC 25 45% significant 21 AE in 8/25
2016 [57] improvement, (32%), no
25% moderate SAE
improvement
Imperiali et al., UC (moderate, 33 36% steroid-free 1
2017 [58] steroid-dependent, clinical remission
azathioprine- at1year +9%
intolerant/ clinical response
resistant)
Laietal., 2017 ucC 34 70.59% overall No GMA-
[59] efficacy related SAE
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Author, year Indication No. of patients Overall response Adverse
rate events
(number
or %)
Motoya et al., UCand CD 437 46.4% clinical 11.4%
2019 [60] remission in UC,
33.3% in CD

Overall response rate—response + vemission rate.

GMA—granulocyte and monocyte/macrophage apheresis, AE—adverse events, SAE— severe adverse events,

UC—ulcerative colitis.

Number of patients included in the final analysis.

Table 1.

Summary of studies veporting the efficacy of Adacolumn in IBD.

Author, year Indication No of patients Overall response rate Adverse

events
(number

or %)

Kosaka et al., CD (refractory 18 50%

1999 [61] to conventional

treatment)
Sawadaetal., Both UC and CD 44 (25UC, 19 Clinical
1995 [62] CD) improvement—~85% in
UC, 84.2% in CD

Sawadaetal., ucC 39 74% 28%

2003 [63]

Sawadaetal., UC (moderate-to- 25 (9 excluded; 80% clinical improvement 1

2005 [64] severe) 10 randomized to

active-group, 9
sham)

Sawadaetal., UC with toxic 6 66.7% improved, 33.3%

2005 [65] megacolon colectomy

Nishioka ucC 29 (9 LCAP, 20 88.9% clinical No major

etal., 2005 cortisone) improvement, 35% AE

[66] remission

Takemoto uC 71 75% initial response, 27% 4%

etal., 2007 (steroid-resistant) maintained remission

[67] >6 months

Emmrich UC (refractory 20 70% clinical remission

etal., 2007 to conventional

[68] treatment)

Shimadaetal., UC (moderate-to- 10 80% clinical remission None

2008 [69] severe)

Yokoyama ucC 847 (623) 68.9% overall clinical 10.3%

etal., 2014 remission, 62.5% mucosal of which

[70] healing 0.6%
severe

Kobayashi ucC 314 63.6% 1-year cumulative

etal., 2018 relapse-free rate,

(71] 85.1% response rate in

re-treatment

Qverall response rate—response + remission rate.
AE—adverse events, SAE—severe adverse events.

"Number of patients included in the final analysis.

Table 2.

Summary of studies veporting the efficacy of Cellsorba in IBD.
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Along with the observational nature of most studies on apheresis in IBD,
another important limit is that many of them were conducted in the era before bio-
logics and novel oral therapies for IBD, when patients did not have so many options
when failing steroids. While early studies evaluated the efficacy of apheresis as
monotherapy in refractory IBD, more recent ones have proposed combination
therapy of biologics with adsorptive apheresis, with promising results [72]. Also,
recent studies have shown good results not only in induction of remission but also
as maintenance therapy [73].

Not least, another limitation is that a significant proportion of studies report
on small sample sizes, with very heterogeneous study groups with regard to sever-
ity and extent of disease, which limit on extrapolation of the results in all patient
categories. There are some studies on special patient populations such as the elderly
and pediatric/adolescent patients, in whom adverse reactions of conventional
therapy can be more severe or even contraindicate their use [60].

With regard to safety, most of the adverse effects reported were mild and
transient (such as fever, headache, flushing, and dizziness), very rarely severe
adverse events. Despite being an invasive procedure, a study looking at the patients’
perspective found that GMA is well accepted by patients suffering from IBD [74].
This is very encouraging considering that up to one in two patients encounter side
effects with conventional therapies [15].

Regarding the type of anticoagulant used for the extracorporeal circulation of the
blood during the apheresis session, there is one comparative study looking at nafamo-
stat mesilate versus heparin, the latter being associated with a lower rate of AE [75].

In order to improve the outcome and safety of the procedure, some authors have also
looked at the optimal apheresis treatment volume, showing that using a bodyweight
adjusted volume is associated with similar therapeutic efficacy but with less AE [76].

Considering the current evidence, with the wide range of results from very
heterogeneous studies, the upcoming research should focus on establishing mark-
ers to appropriately select IBD patients that would safely and cost-effective benefit
from apheresis techniques [77].

Besides GMA and LCAP, novel apheresis techniques are being studied in IBD
such as leucocyte/thrombocyte apheresis system, which showed promising results
in a small prospective, randomized, controlled multicenter pilot study [78].

4, Conclusions

While leukocyte-derived proinflammatory cytokines have been validated as
successful targets in IBD treatment, so should leukocytes themselves be considered
as treatment options. As activated leukocytes migrate into the bowel wall and drive
the inflammatory cascade in IBD patients, their depletion by apheresis techniques
are considered beneficial to control the mucosal inflammation.

Leukapheresis, consisting in either granulomonocyte apheresis or leukocyte
apheresis, are cell-based therapies with promising results in some patient categories
and with a good safety profile. They have been studied as an alternative in patients
with steroid toxicity, dependency or refractoriness, or in the event of contraindica-
tions to conventional therapy. Most of the early studies were not controlled, with
only a few randomized controlled trials providing quality data on their efficacy.
Future studies should be designed to look at selection of IBD patients who benefit
most and safely from this non-pharmacological therapy.
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Chapter 6

Crohn’s Disease Treated by
Chinese Medicine

Xiaomei Wang, Luyi Wu, Siyi Lv, Mei Li and Huangan Wu

Abstract

Crohn’s disease is an inflammatory bowel disease with variable clinical
symptoms, it can affect the whole gastrointestinal tract from the oral cavity to
the anus and lead to lower quality of life and greater social and economicloss.
Traditional Chinese medicine (TCM) has a long history and is unique characteristic
by the theory of overall concept and treatment based on syndrome differentiation,
it should be an important part of world medicine. This chapter introduces the
research advance of Crohn’s disease in TCM, including its name, location, etiol-
ogy and pathogenesis, syndrome differentiation, therapeutic criteria, treatment
methods and other contents. The mechanism of TCM treatment of Crohn’s disease
remains to be further studied.

Keywords: Crohn’s disease, Chinese medicine, acupuncture and moxibustion,
diagnosis, syndrome differentiation, treatment

1. Introduction

Crohn’s disease (CD) is an inflammatory disease of the gut, it and ulcerative
colitis is called inflammatory bowel disease (IBD). The etiology of CD is unknown
that related to genetics, environment, humoral immunity and cellular immunity
to some extent. It may be due to the complex interaction between genetic suscep-
tibility, environmental factors, and changes in intestinal microflora, resulting in
mucosal immune response abnormalities and impaired epithelial barrier function,
giving rise to congenital and adaptive immune response disorders [1, 2].

CD is a proliferative disease that runs through all layers of the intestinal wall
and it can occur anywhere in the gastrointestinal tract, the most common being
the terminal ileum and colon [2, 3]. CD has various clinical manifestations, mainly
characterized by diarrhea, mucous pus and blood stool, accompanied by abdominal
pain, tenesmus, fever, anemia, nutritional disorders and other systemic symptoms
of varying degrees. It can also be accompanied by joint, skin, eyes, oral mucosa,
liver and other extraintestinal lesions, or cause perianal lesions, intestinal obstruc-
tion, gastrointestinal bleeding, perforation and other complications [4]. This
disease is mainly divided into inflammatory stage, stenosis stage and perforation
stage, patients usually develop from inflammation to stenosis or perforation [3].
At present, the global incidence of CD is on the rise, and the onset age is mostly
between 20 and 40 years old, with no significant gender difference [5]. CD has
prolonged course, repeated attacks, and not easy to cure, which seriously affects
the quality of life of patients, and aggravates the social and economic burden.
Therefore, it urgently needs to be solved and further studied.
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In 2012, the Inflammatory Bowel Disease Group of Gastroenterology Branch of
Chinese Medical Association formulated The Consensus Opinion on the Diagnosis
and Treatment of Inflammatory Bowel Disease, which standardized the clinical
diagnosis and treatment of CD. In recent years, with the increasing incidence of CD,
in order to meet clinical needs and better guide the clinical work, the staff of the
Inflammatory Bowel Disease Group of Gastroenterology Branch of Chinese Medical
Association, finally revised the 2018 edition of The Consensus Opinion on the
Diagnosis and Treatment of Inflammatory Bowel Disease after extensive discussions.

As the etiology of CD is unknown, there is no radical cure at present and the
side effects of drugsare obvious in some CD patients. However, the advantages of
Traditional Chinese medicine (TCM) in CD treatment are gradually emerging.
With the in-depths of research on CD, more and more TCM doctors and scholars
have summarized the etiology and pathogenesis, TCM classification, syndrome
differentiation methods and treatment principles, and summarized the character-
istic treatment methods of TCM, providing the diagnosis and treatment ideas and
guidance for the understanding and treatment of CD.

2. Diagnosis of CD by Western medicine

The diagnosis of CD depends on a combination of symptoms, endoscopy, radiology,
and histopathological findings. Colonoscopy and mucosal biopsy are usually the main
methods. A history of smoking, family history, gastrointestinal infection, malnutrition
or anemia are all factors that should be taken into account when making a diagnosis [1].

2.1 Clinical manifestations

The clinical presentation of CD depends on the site of pathological changes and
the severity of inflammation, which can be divided into four aspects [6]:

(1) Digestive system performance: Spasmodic pain in right lower abdomen or
peri-umbilicus, accompanied by borborygmus, aggravation after meals, it can be
alleviated after defecation; diarrhea intermittent attacks in early stage, and more
persistent in later stage. If the lesions involve the lower colon or rectum, mucinous
blood stool and tenesmus may be present. Abdominal mass occurs in the right lower
abdomen and around the umbilicus, mostly caused by mesenteric lymph node
enlargement, internal fistula or local abscess formation. (2) General performance:
Patients with intermittent low or moderate fever, a few show remittent fever,
accompanied by toxemia; Nutritional disorders due to anorexia, and chronic diar-
rhea, including emaciation, anemia, hypoproteinemia, vitamin deficiency, calcium
deficiency, osteoporosis, etc. The balance of water, electrolyte, acid and base is
disturbed in acute stage. (3) Extraintestinal manifestations: Some patients have
iridocyclitis, uveitis, finger pestles, arthritis, erythema nodosum gangrenous pyo-
derma, oral mucosal ulcer, chronic hepatitis, small bile duct peripheral inflamma-
tion, sclerosing cholangitis and so on. Amyloidosis or thromboembolic disease can
be seen occasionally. (4) Perianal manifestations: Fistulas, fissures, abscesses, and
stenosis around the anus or rectum [7]. It even affects the organs outside the gut.

2.2 Endoscopic examination and diagnosis
Colonoscope is the most sensitive method in the diagnosis of CD, which can
improve the accuracy of clinical diagnosis and the efficiency of treatment [8]. Under

endoscopy at the early stage of the disease, 2 ~ 3 mm diameter round shallow pitting
ulcers or Afta aphthous ulcer can be seen with surrounding mucosa hyperemia and
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redness. After the disease progresses, the ulcer increases and deepens, and merges with
each other to form longitudinal ulcer. The relatively specific endoscopic manifestations
include cobblestone changes, annular, multiple, segmental stenosis, and inflammatory
polyp hyperplasia. Capsule endoscopy is very sensitive to the judgment of abnor-

mal mucosa, but its specificity is low, and it is not applicable to all CD patients. For
patients with stenosis, there is a certain risk. Wireless video capsule endoscope has the
advantages of no radiation, no pain, no sedation, easy outpatient use and high patient
satisfaction. When traditional diagnostic tools such as endoscope cannot make a clear
diagnosis, it can be mainly used. During the development of CD, some patients may
involve the upper digestive tract. This type of CD usually presents insidiously with-
out obvious symptoms. Gastroscopy is often used, under which worm etched ulcer,
longitudinal ulcer, slub like appearance, stenosis and fistula can be seen [9].

2.3 Pathological diagnosis

Based on the principle of multi-point and multi-segment sampling, CD mucosal
biopsy is the most main diagnostic basis of CD. Its pathologic findings are typically
non-caseous granulomas that are more easily detected on biopsy in about 30% of cases
and are more common in smaller ulcers. In addition, common pathological features
include segmental lesions, the presence of inflammatory cell infiltration in the inher-
ent membrane, and submucosal broadening, marked fibrosis, whole-wall inflamma-
tion, fissured ulcers, and whole-layer lymphatic follicles in the intestinal wall [10, 11].

2.4 Imaging diagnosis

Imaging also plays a very important role in the diagnosis of CD. CT small intestine
imaging or magnetic resonance enterography is the first choice for imaging examina-
tion, which is mainly used to evaluate inflammatory lesions in the small intestine.
Magnetic resonance enterography is expensive but has the advantage of avoiding
radiation and using no iodized contrast agents. The use of contrast-enhanced ultra-
sound can effectively improve the detection sensitivity of color Doppler ultrasound,
which is outstanding in the diagnosis of the combined sensitivity and specificity of
CD activity [12]. The sensitivity of small intestinal barium contrast is low and only
suitable for dynamic observation in patients with intestinal cavity stenosis, and for
the primary medical unit cannot conduct CT small intestinal imaging examination.
Barium enema is not used much at present and has been replaced by colonoscopy.

2.5 Laboratory examination and diagnosis

The blood counts are used to monitor anemia in CD patients. The concentration
of calcium protective protein in feces was associated with neutrophil infiltration in
the intestinal mucosa, it has a strong sensitivity and specificity for CD diagnosis. As
an inflammation marker, C-reactive protein and other inflammatory markers are
used simultaneously to monitor disease activity to assess disease activity.

3. TCM diagnosis of CD

Although there is no corresponding name of CD in ancient Chinese medical
books, there are abundant discussions about it, so the TCM diagnosis of CD was
mainly based on symptom diagnosis. According to the main symptoms, CD is
diagnosed as abdominal pain, diarrhea, bowel carbuncle, hemafecia, anal fistula,
spouting bleeding from anus and other diseases [13, 14].
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4. TCM etiology and pathogenesis of CD
4.1 Etiology

CD is associated with a number of pathogenic factors, either alone or in
combination. Exogenous pathogenic factors, improper diet, emotional disorders,
chronic physical deficiency were the main causes [14]. Exogenous pathogenic
factors, such as cold, dampness and heat invade the body, resulting in blood stasis
and abdominal pain and diarrhea. Unclean food, or overeating, or eating greasy
and cold food can cause damp-heat or cold-dampness accumulating in stomach and
spleen, blockage of abdomen Qi, producing diarrhea, bowel carbuncle; Internal
injury of emotions, such as moodiness and worry leads to stagnation of qi induce
pain easily; Weakness, prolonged illness or excessive fatigue, resulting in weakness
of the spleen and stomach, transport and transformation weak that induce abdomi-
nal pain and diarrhea. CD mainly occurs in the intestine. In the theory of TCM, CD
is also closely related to the spleen, stomach, liver and kidney, and is mainly caused
by lesions in middle-jiao and lower-jiao.

4.2 Pathogenesis

The basic pathogenesis of CD is a mixture of deficiency and excess, cold and
heat [15]. The deficient root include the deficiency of natural endowments, the
deficiency of spleen and kidney, or the prolonged illness and overwork; Damp-heat
accumulation, qi stagnation, phlegm and dampness, blood stasis are all belong to
excessive superficial. The basic pathogenesis of CD varies according to the main
symptoms. If abdominal pain is the main manifestation, the basic pathogenesis is
exogenous pathogenic factors of coldness, wetness, heat, it result in qi stagnation,
blood stasis, viscera and qi adverse, pain [16]; If the main manifestation is diar-
rhea, the basic pathogenesis is spleen deficiency and overabundance of dampness
[16, 17]; If the main manifestation is intestinal carbuncle, the pathogenesis includes
accumulation of dampness and heat, blood stasis, and the accumulation of phlegm
and blood stasis [14].

5. TCM syndrome differentiation and treatment of CD

According to the Guidelines of Traditional Chinese Medicine Diagnosis and
Treatment of Digestive Diseases compiled by the Committee of Spleen-stomach
Diseases of The Chinese Association of TCM in 2006, the common TCM syn-
dromes of CD include the syndrome of liver-stagnation and spleen-deficiency, the
syndrome of deficiency and cold of spleen and stomach, the syndrome of yang
deficiency of spleen and kidney, the syndrome of cold-dampness impairing spleen
splenic function, the syndrome of qi stagnation and blood stasis syndrome, the
syndrome of damp-heat accumulation [18, 19].

5.1 Syndrome of liver-stagnation and spleen-deficiency

The main symptoms are anorexia, belching, right abdominal pain or periumbili-
cal distension pain and diarrhea while during abdominal pain and relief of pain after
diarrhea. Acute abdominal pain, loose stools, belching and eat less, tongue reddish,
and pulsed strings. Its attacks or exacerbations are often caused by irritation or ner-
vous tension. The principle of treatment is soothing the liver and strengthening the
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spleen. The main prescriptions are Chaihu Shugan powder and Shenlinbaizhu powder
[20] including bupleurum, Codonopsis pilosula, poria cocos, Chinese yam, white lablab
album, atractylodes macrocephala koidz, fructus aurantii, lotus seed, amomum, coix
seed, rhizoma cyperi, pericarpium citri reticulatae, raidix paconiae alba, platycodon
grangdiflorum, radix glycyrrhizae. Patients with anorexia can add fried hawthorn,
malt; Patients with nausea and vomiting can add pinellia ternate, inula flower.

5.2 Syndrome deficiency and cold of spleen and stomach

The main symptoms are dull abdominal pain, prefer warm and pressing,
prolonged diarrhea, bowel bloating and abdominal distension, vomiting of clear
water, loss of appetite, sallow complexion, dizziness, cold limbs, fatigue, pale
tongue, thin and white coating, and slow and sunken pulse. The principle of treat-
ment is to warm stomach and strengthen spleen. The main prescription is Shenling
Baizhu powder and Fuzi Lizhong pill [21], including fried semen coicis, fried
atractylodes macrocephala koidz, poria cocos, Codonopsis pilosula, radix paeoniae
alba, lotus seed, Chinese yam, bupleurum, giant typhonium rhizome (decocted
first), corydalis yanhusuo, common bletilla pseudobulb, amomum (decocted later),
honey-fried radix liquiritiae, dried ginger, panax notoginseng powder (take with
water). Patient with frequency of defecation can be added nutmeg, Terminalia
chebula; Patient with bloody stool can be added roasted ginger charcoal, patient
with mucus stool can be added atractylodes.

5.3 Syndrome of deficiency of spleen and kidney yang

The main symptoms are dull abdominal pain, irregular pain attacks and stop,
prefer warm and pressing, thin pus around the anus, dull anal pain, loose stool,
or diarrhea at dawn, loss of appetite, fatigue, cold limbs, soreness of waist and
polyuria, pale tongue, or fat tongue with teeth marks, white coating, sunken or or
thin and weak pulse. The principle of treatment is warming kidney and strengthen-
ing spleen. The main prescription is Changyangan soup [22], including astragalus
membranaceus, poria cocos, Codonopsis pilosula, rhizoma bletillae, pseudo-ginseng,
cooked monkshood, fructus psoraleae, Myristica fragrans, epimedium, fructus
chebulae, radix glycyrrhizae.

5.4 Syndrome of cold dampness impairing spleen

The main symptoms are acute abdominal pain, loose stool or water stool, or
dysentery with blood and pus, heavy head and body, pale tongue, white and greasy
coating, soft and slow pulse. The principle of treatment is clearing damp and
strengthening spleen. The main prescription is Weiling soup, including atractylodes
rhizome, dried tangerine peel, magnolia officinalis, polyporus umbellatus, rhizoma
alismatis, cortex cinnamomi, atractylodes macrocephala koidz, radix glycyrrhizae.

5.5 Syndrome of qi stagnation and blood stasis

The main symptoms are immovable abdominal lumps, abdominal distension or
pricking, loose or bloody stools, purplish or petechial tongue, string and thin and hesi-
tant pulse. The principle of treatment is regulating gi and dispersing blood stasis. The
main prescription is infradiaphragmatic stasis-expelling decoction, including peach
kernel, safflower, radix rehmanniae, radix angelicae sinensis, red peony, fructus auran-
tii, Platycodon grandiflorum, radix glycyrrhizae, radix bupleuri, radix scrophulariae.
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5.6 Syndrome of damt-heat accumulation

The main symptoms are abdominal pain refusing to press, brown and smelly
stool, or diarrhea with blood and pus, distending pain and scorching hot anus,
thirsty and drinking cold, few and yellow urine, red tongue, yellow greasy coating,
string and slippery or slippery and rapid pulse. The treatment principle is clearing
heat and expelling damp. The main prescription is Baitouweng soup, including
pulsatilla, coptis chinensis, phellodendron, ash bark.

Chinese herbal medicine.

Name Pharmacological effects

Bupleurum Diaphoresis; prevent malaria

Codonopsis pilosula enrich blood; immunity enhancement
Poria cocos Calm; promote healthy digestion
Chinese yam Improve immune and digestive function
White lablab bean Antibacterial and antiviral

Atractylodes macrocephala koidz

Adjust gastrointestinal motility; inhibit ulcer

Fructus aurantii Increases gastrointestinal motility and contractility rhythms
Lotus seed Immune regulation; improve digestive function

Amomum bacteriostatic action; peristalsis enhancement

Coix seed Eliminate edema; immune regulation

Rhizoma cyperi Relaxes intestinal smooth muscle; anti-inflammatory

Pericarpium citri reticulatae

Promote secretion of digestive juices; relieve asthma

Raidix paeoniae alba

Antibacterial activity; analgesic

Platycodon grangdiflorum

Dilate blood vessels; antitussive expectorant

Radix glycyrrhizae Regulate immunity; inhibit ulcer; protect liver
Fried hawthorn Help digestion; stop diarrhea

Malt Help digestion; antifungal

Pinellia ternate Antitussive expectorant; inhibit ulcer

Inula flower

Relieve asthma; antitussive expectorant

Giant typhonium rhizome

Anti-inflammatory; sedation; expectorant

Corydalis yanhusuo

Spasmolysis, analgesia; suppression of gastric ulcer

Common bletilla pseudobulb

Hemostasis; protect gastric mucosa

Dried ginger

Inhibit ulcer; dilate blood vessels

Panax notoginseng powder

Promote blood clotting; dilate blood vessels

Nutmeg

Antibacteria; anti—inﬂammatory

Terminalia chebula

Antibacteria; antitumor; antidiarrhea

Roasted ginger charcoal

Hemostasis; acesodyne

Atractylodes

Adjust gastrointestinal motility; diuresis

Astragalus membranaceus

Strengthen immune system; inhibit ulcer; improve substance
metabolism

Cooked monkshood

Cardiac; antishock; dilate blood vessels

Fructus psoraleae

Antibacteria; improve immune system

Epimedium

Improve immune system; delay the progression of renal failure
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Name Pharmacological effects

Magnolia officinalis Promote the secretion of digestive fluids; anti ulcer
Polyporus umbellatus Diuresis; enhance immunity

Rhizoma alismatis Diuresis; anti-inflammatory

Cortex cinnamomi Cardiotonic; anti ulcer; anti-inflammatory

Peach kernel

Reduce vascular resistance and improve hemodynamics; relax bowels

Safflower Dilate blood vessels; excited uterus; anticoagulation

Radix rehmanniae Hemostasis; antibiosis; immuno-enhancement

Radix angelicae Anti-microbico; Antipyretic analgesic

Sinensis Promote hematopoietic function; immunity enhancement
Red peony Antithrombus; reduce blood lipid; liver protection

Radix scrophulariae Antibiosis; dilate coronary arteries

Pulsatilla Anti-microbico; anti-inflammatory; immunity enhancement

Coptis chinensis

Resistance of pathogens; Antipyretic; antineoplastic

Phellodendron

anti-microbico; excite gastrointestinal smooth muscle

Ash bark

Anti-inflammatory; analgesic; diuresis

6. Chinese patent medicines

A large number of studies and clinical evidence show that TCM has obvious
curative effect and function in the treatment of CD. The following is a brief

summary of commonly used Chinese patent medicines.
6.1 Bolus for strengthening intestines and relieving diarrhea

It has the effect of harmonizing liver and spleen, astringent intestine to relieve
pain [23] and commonly used in patients with disharmony of liver and spleen,
diarrhea and abdominal pain, and nonspecific ulcerative colitis.
6.2 Salvia ligustrazin injection

It has the effect of activating blood circulation and removing blood stasis,
improving microcirculation. The cure rate can be improved by improving the high
coagulation state of CD patients [24].
6.3 Warming kidney and invigorating spleen granules

It has the effect of strenthening spleen and tonifying kidney. It can improve
the humoral immunity of patients also used todiseases caused by the deficiency of
spleen and kidney.
6.4 Tripterygium wilfordii polyglycoside tablet

It has the effect of dispelling wind and detoxifying, dehumidifying and detu-
mescence, relaxing tendons and dredging collaterals. Studies have shown that it can

effectively improve the clinical symptoms of CD patient [25], but its toxicity of liver
and kidney should be valued.
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6.5 Sishen pill

It has the effect of warming kidney and dispelling cold, astringent intestine and
relieving diarrhea and commonly used for diarrhea caused by deficiency of kidney
yang, the symptoms are borborygmus, intestinal distension, diarrhea at dawn,
anorexia and indigestion, continuous diarrhea, yellowish complexion and cold limbs.

6.6 Dark plum pill

It has the effect of smoothing liver and regulating intestine, clearing the upper
Jiao and warming lower Jiao and used for patient with chronic dysentery, the
symptoms are abdominal pain, dysentery, vertex headache, attack intermittently,
irritation and vomiting, extremities cold.

6.7 Peaceful gastroenterology tablets

It has the effect of invigorating spleen and kidney, warming stomach and
relieving pain, astringent intestine and relieving diarrhea, and used for patient with
diarrhea of deficiency of spleen and kidney Yang, the symptoms are irregular stool,
diarrhea at dawn with mucus, abdominal distention and pain, epigastric discom-
fort, and distention of lower abdominal.

6.8 Buzhong Yiqi pill

It has the effect of invigorating and benefiting spleen qi and lifting collapsed
qi, be used for diarrhea caused by weakness of spleen and stomach and collapse of

middle qi.
6.9 Guben Yichang tablets

It has the effect of invigorating spleen and warming kidney, astringing intestine to
relieve diarrhea, and be used for chronic diarrhea caused by spleen deficiency or Yang
deficiency of spleen-kidney, the symptoms are chronic abdominal pain and diarrhea,
loose stools, anorexia and abdominal distension, weak waist, fatigue and cold limbs.

6.10 Aucklandia and coptis tablets

It has the effect of clearing away heat and eliminating dampness, promoting qi
circulation to relieve pain, and be used for dysentery caused by dampness-heat of
large intestine, the symptoms are stool with pus and blood, tenesmus, fever and
abdominal pain.

6.11 Fuzi Lizhong pill

It has the effect of warming spleen dispersing cold, relieving diarrhea and
pain, and can be used for cold syndrome of spleen and stomach, the symptoms are
anorexia and abdominal distension, abdominal pain and nausea, weak pulse, cold
limbs, or headache attacked by cold, and any chronic disease caused by cold.

6.12 Zhuche pill

It has the effect of nourishing Yin and blood, tonifying qi and strong intestine,
removing blood stasis and generating muscles. The symptoms are dull abdominal
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pain, persistent diarrhea, stool with pus and blood, low fever in afternoon, dizzi-
ness, insomnia, night sweats, irritability, weight loss and fatigue, red tongue, thin
and less coating, thin and rapid pulse.

7. Acupuncture and moxibusiton treatment of CD

Acupuncture therapy is widely applicable to mild and moderate CD patient
with no age or gender restrictions, but not for patients with severe CD, in preg-
nancy and lactation, with mental disorders, with severe tumors, or patients with
serious diseases of the heart, liver, kidney, brain and hematopoietic system [26],
they need adopt appropriate western medicine to save lives and avoid critical
situations.

The basic acupoint prescriptions for CD treatment include Tianshu (ST25),
Zusanli (ST36), Shangjuxu (ST37), Guanyuan (RN4), Qihai (RN6), Zhongwan
(RN12) [27]. Patients with syndrome of liver depression and spleen deficiency
can add Taichong (LR3) and Pishu (BL20); Patients with syndrome of deficiency
and cold of spleen and stomach can add Shangwan (RN13) and Xiawan (RN10);
Patients with syndrome of yang deficiency of spleen and kidney were added with
Mingmen (DU4), Pishu (BL20) and Shenshu (BL23); Patients with syndrome
of cold dampness disturbing spleencan add Yanglingquan (GB34) and Fenglong
(ST40); Patients with syndrome of qi stagnation and blood stasis can add Taichong
(LR3) and Qjhai (SP10); Patients with syndrome of dampness-heat accumulation
can add Quchi (LI11) and Hegu (LI4). During the acupuncture treatment, the
abdomen of CD patients is usually the main part, including the legs and back. The
treatment is normally performed for about 20-30 minutes each time, once every
other day. If the patient is in serious condition, the curative effect can be enhanced
once a day.

Acupuncture therapy is mainly targeted at excess, heat syndrome and rela-
tively simple symptom. For patients with syndrome of intermingled deficiency
and excess, acupuncture therapy often combines with moxibustion therapy. The
research of Wu Huangan research group showed [28, 29] that moxibustion can
effectively improve the clinical symptoms and the quality of life of CD patient.
The methods were mainly acupuncture at Tianshu (ST25), Zhongwan (RN12),
Qihai (RN6). Mix the powder of aconite, cinnamon, salvia miltiorrhiza, safflower,
costusroot, coptis chinensis and borneol; add yellow rice wine and mix it to form a
thick paste; Make a medical cake in a mold and place it at the above acupoints, and
place moxa cone on medical cake, moxibustion twice for each acupoint; Combined
with acupuncture at Zusanli (ST36), Shangjuxu (ST37), Sanyinjiao (SP6) and
Gongsun (SP4), the goal of synergetic treatment and enhanced curative effect was
finally achieved.

8. Other therapies

In addition to TCM, Chinese patent medicine, acupuncture and moxibustion
treatment methods, there are other unique therapies, and the effect is also very
effective. Through clinical controlled experiments, Songnian proved [30] that
auricular application can effectively alleviate the abdominal pain of CD patients.
Enema administration combined with internal medicine can greatly improve the
curative effect of CD [31]. Hu Zhengchao and et al. [32] have found that Chinese
medicine fumigation, external washing and sitz bath could effectively alleviate
the symptoms of anal fistula patients with CD, not only improving local blood
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circulation, but promoting the healing of anal fistula canal. In addition, fecal flora
transplantation is also a new treatment method for CD combined with Chinese
medicine, it works by transplanting fecal material from a healthy donor into

the patient’s gut to restore the intestinal flora diversity and thus achieve a good
therapeutic effect [33].

9. Criteria of efficacy evaluation
9.1 Crohn’s disease activity index (CDAI)

CDAI can be used to evaluate the disease activity and the efficacy of CD,
including five aspects of the patient’s general condition, such as abdominal pain,
diarrhea, abdominal mass and complications [34]. The higher the total score, the
more serious the disease. A score of <4 indicates remission, a score of 5-8 indicates
moderate activity, and a score of >9 indicates severe activity. It can be scored in
three stages before, during and after treatment to dynamically observe the changes
of the disease.

9.2 Overall efficacy of TCM syndromes

The total score of TCM syndromes was used to evaluate the clinical symptoms
of abdominal pain, diarrhea, pus and blood stool, tenesmus, belching, nausea and
vomiting and fever. The total scores before and after treatment was compared, if the
total score decreased by >90% compared with that before treatment, it is judged
as clinical remission. If the total score decreased by >70% and < 90%, it is judged
as significant effect; if the total score decreased >30%and < 70%, it is judged to be
valid; if the total score decreased <30%, it is judged to be invalid.

9.3 Endoscopic score

Simplified endoscopy score for CD (SESCD) can be used for diagnosis and
efficacy evaluation of CD. The score items mainly include ulcer size, ulcer area,
affected intestinal area, intestinal lumen stenosis and the condition of mucosal
healing. The lower the score, the better the mucosal healing degree. A score <3
is remission, a score 4-10 is mild activity, a score 11-19 is moderate activity, and a
score more than 20 is severe activity [35].

9.4 Quality of life assessment

Inflammatory bowel disease quality of life questionnaire (IBDQ ) was used for
CD evaluation, including intestinal symptoms, systemic symptoms, emotional
ability and social ability. Scores were recorded for both the pre-treatment and
post-treatment stages, with higher scores indicating better quality of life.

9.5 Assessment of anxiety and depression

Self-rating anxiety scale (SAS) and self-rating depression scale (SDS) were used
to evaluate the severity of the anxiety and the depressive symptoms of CD patients.
Scores were performed according to the symptoms, and the patients were divided
into mild, moderate and severe by 50 score. Scores were recorded before and after
treatment. Scores below 50 after treatment indicated efficacy.
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9.6 Long-term efficacy

The development of CD is a long-term and progressive process. The clinical effi-
cacy evaluation should combine the short-term with long-term efficacy. In addition
to the general clinical symptoms, it is also important to observe the status with the
ulcer of intestinal mucosa and actively prevent perianal lesions it should also focus
on the observation of intestinal mucosal ulcer and the active prevention of perianal
lesions of CD patients.

10. Prevention and care
10.1 Diet control

Improper diet is one of the major causes of CD. In TCM, dampness, heat and
cold pathogens easily invade the body through improper diet, damage spleen and
stomach, and accumulate in intestines. Therefore, CD patients should pay attention
to their daily diet, light and easy digestible food is better, avoid eat irritating food,
try not to eat or eat less fat and greasy food, or raw and cold food.

10.2 Psychological adjustment

CD is a chronic disease in the developing course of disease, patients are prone to
anxiety or depression that aggravating the symptoms of body and mind. Therefore,
in the process of diagnosis and treatment, attention should be paid to the psycho-
logical and emotional intervention of the patients to avoid negative emotional
stimuli, relieve their anxiety or depression situation, guide the correct understand-
ing of disease with good positive attitude [36, 37].

10.3 Adjust lifestyle

CD is persistent and prone to relapse, so it is important to adjust lifestyle, control
risk factors and change improper habits. Smoking is an important factor for CD
patient, which often aggravates the disease and more likely to cause complications.
For CD patients, the first step is to quit smoking, adjust lifestyle, and eliminate
risk factors. In addition, patients should have regular daily life, reasonable work
and rest, moderate diet, maintain the spleen and stomach, do proper exercise,
avoid fatigue, adjust emotions, comply with four seasons, and maintain healthy
energy [38].

10.4 Regular review and follow-up

The development of CD is a long-term process, attention should always be paid
to physical changes through outpatient, inpatient follow-up, telephone follow-up,
and regular review, to understand the recurrence of disease, cancer prevention.
11. Conclusion

The cause of CD is still unclear, it is mainly related to improper diet, disorder

emotion, attack of external evil, internal deficiency in TCM theory. The main
pathogenesis is deficiency of spleen and kidney combined with damp-heat
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accumulation, qi stagnation, phlegm and dampness and blood stasis. The holistic
concept and syndrome differentiation are the general principles of TCM treat-
ment, the diagnostic criteria of CD are generally accorded to the consensus
Opinions on the Diagnosis and Treatment of Inflammatory Bowel Disease as
the reference, and comprehensive judgments are mainly made based on the
clinical symptoms, endoscopy results, imaging examinations and pathological
tissues of the patients. For example, the concentration of fecal calprotectin was
positively correlated with CDAI score, SEC-CD score, CD clinical activity and
mucosal healing, it could objectively reflect the inflammatory activity of CD [39].
Imaging diagnostic techniques, magnetic resonance imaging (MRI) and com-
puterized tomography (CT), can be used to assess the activity of CD by showing
changes in the thickness of the intestinal wall, abnormal intensification of the
intestinal wall, intestinal segment stenosis, abnormal increase in mesenteric
vessels, enlarged lymph nodes, fistulas, ulcers, and abscesses [40]. According
to the symptoms and characteristics of different syndroms of CD, correspond-
ing treatment methods were adopted, among which Chinese herbal medicine
and acupuncture and moxibustion treatment were the most common and had
significant curative effects.

With the development of TCM treatment of CD in recent years, certain progress
and achievements have been made in clinical and experimental research, such
as the gray matter structure of CD patients had significant changes, which was
correlated with anxiety and depression status and course of disease [41]. In resting-
state, the brain abnormal activities in insula and MCC of CD patients are different
between remissive CD patients with and without abdominal pain, and are closely
related to the severity of abdominal pain [42], aberrant functional connectivity
of the amygdala may be involved in processing of visceral pain and sensation, and
emotion in CD [43]. Herb-partition moxibustion combined with acupuncture can
improve the clinical common symptoms of abdominal pain, diarrhea, fatigue and
anorexia for mild and moderate CD [26]. Both treatments of electro-acupuncture
and moxibustion improved cortex-subcortical coupling in remissive CD patients,
but electro-acupuncture regulated homeostatic afferent processing network, while
moxibustion mainly regulated the default mode network [44]. In CD rats, moxibus-
tion can up-regulate the A20 expression level and down-regulate the expression of
TNFR1, TRADD, and RIP1, and increase cell apoptosis in the intestinal epithelial
barrier [45]. It is important to relieve the damage of intestinal mucosal barrier and
maintain its functional integrity for patients [46]. Many experimental studies have
shown that moxibustion can significantly down-regulate the expression of NF - kB
P65, TNF-a and IL-1 in the colon tissue of CD model rats [47] and down-regulate
the proteins expression of MCP-1 and IL-8 to reduce the expression of downstream
inflammatory factors, relieve intestinal inflammation, and improve the morpho-
logical structure of colon tissue [48].

However, the pathogenesis of CD is still unclear, there is a lack of prospective
studies even large sample and multicenter clinical trials, which still need to be
further studied and explored.
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