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In 1761, J.B. Morgagni described the clinical case of a young man who died from an
ileal perforation. The patient’s clinical presentation included ileal ulceration and
inflammation of the mesenteric lymphonodes with splenomegaly. This was the first
description of Crohn’s disease (CD).

In 1904, a Polish physician, Lesmowski, wrote a case report for a local medical
journal, describing a patient with symptoms similar to those of CD. In 1913, an
English author, C. Combe, and a Scottish colleague, T.K. Daziel, reported several
cases of “chronic interstitial enteritis” with the features of CD. However, these
descriptions were completely ignored by the academic world.  

The pathology became known only after the classic description of Crohn,
Ginzburg, and Oppenheimer in 1932. They described a “chronic granulomatous
inflammation of the ileal ansa.” Nevertheless, it was only in 1960, after the well-
known publication of Lockhart-Mummery and Morson, that the existence of the dis-
ease entity, by then known as CD, was accepted. 

While CD can affect any part of the digestive tract, without distinction, from the
mouth to the anus, it shows very different localizations. The etiopathology of CD
remains controversial; the disease has a variable clinical presentation and thus a
number of therapeutic options, both medical and surgical. However, treatment of the
frequent precocious and late complications of CD remains problematic.

More recently, research has focused on the immunological origins of the disease,
specifically, on the humoral and cell-mediated responses of the immune system to
sensitizing agents. Furthermore, environmental factors acting in concert with a
genetic predisposition have been considered and may explain the increased incidence
of CD in certain geographical areas over the past few decades.   

The Italian Society of Surgery has recognized the need for an authoritative update
on the subject and has entrusted this task to Roberto Tersigni, in recognition of his
extensive experience in the field of CD and the inflammatory bowel diseases, and
taking advantage of his numerous case files. The result is an exceedingly interesting
scientific work, rich in details and in critical analyses of all the important issues
related to CD. In addition, the book presents a wealth of new information that will
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certainly be of interest to physicians and researchers seeking to broaden their knowl-
edge of this disease.

As President of the Society and as someone who is passionately involved in this
field of surgery, my compliments to Roberto and his co-workers for this excellent
work. I am convinced it is destined to attain a prestigious place for itself in the world
of international surgical knowledge.  

Rome, October 2009 Enrico De Antoni
President of Italian Society of Surgery
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Several prominent members of our institution, San Camillo-Forlanini Hospital of
Rome, and of the University Faculty of Medicine of Rome, La Sapienza of Rome,
joined together to present a book intended to provide a comprehensive discussion of
Crohn's disease. The result, “Crohn’s Disease: A Multidisciplinary Approach”,
attempts to systematically review all medical and surgical aspect of the disease. The
first group of chapters deals with problems regarding the etiology, pathogenesis, and
clinical manifesta-tions of Crohn's disease, while the second group concentrates on
diagnostic techniques and clinical practice. This is followed by chapters addressing
current concepts of medical and surgical treatment. The selected topics are those
wherein recent developments have altered previous practices. The goals of this book
are to offer general practitioners basic knowledge of Crohn’s disease, to provide the
specialist with more detailed information, and to stimulate students, residents, and
fellows in their search for knowledge of this challenging but satisfying field.

The Editors express their thanks to all of the book’s authors and to the Italian
Society of Surgery.

Rome, October 2009 Roberto Tersigni, MD 
Department of Surgery

San Camillo-Forlanini Hospital
Rome, Italy
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This is not a typical book on Crohn’s disease (CD); rather, it is a synthesis of a long effort
that began in the 1970s at the “Regina Margherita” Hospital of Rome, when the
Gastroenterology Unit began its study of inflammatory bowel diseases (IBD).

Dalziel was the first to describe CD, in a 1913 report published in a Scottish medical
journal. Unfortunately, the journal was quite unknown to the medical community and, con-
sequently, this pathological entity was re-discovered in 1932, by Burrill Crohn, a surgeon
at Mount Sinai Hospital, in NY, who named this “new” entity after himself. In the 1960s,
Basil Morson, a pathologist at St. Mark’s Hospital, in London, described CD in the colon,
thus distinguishing it from ulcerative colitis.

In the last 40 years, there have been many discoveries related to IBD and many new
therapeutic approaches have been developed. However, the causes and mechanism of CD
remain elusive. Today, CD is thought to arise from the interaction of genetic and environ-
mental factors. Bacteria and food antigens, among the environmental causes, and the
expression of certain, no doubt several genes account for the phenotypic aspects of the dis-
ease.

This intricate relationship is likely the source of differences in the location, patholog-
ical behavior, and, most importantly, therapeutic response or resistance that characterize
CD. The newly developed biologicals have led to a reduction in the number of surgical
operations, even if surgery remains an important strategy of CD treatment. The appropri-
ate choice of a medical vs. a surgical approach is one of the major challenges that current-
ly confront gastroenterologists. 

In this book authors with a great deal of expertise in different disciplines and working
in the same hospital have written chapters concerning the many aspects of CD. Neither the
authors nor the editors have attempted to resolve what might appear to be conflicting
information, as different points of view can increase the sum of our knowledge.

Rome, October 2009 Cosimo Prantera, MD 
Gastroenterology Unit

San Camillo-Forlanini Hospital
Rome, Italy
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1

Etiology 

M. Marrollo, A. Armuzzi, F. Zannoni 

1

Introduction

Although the etiology of Crohn’s disease (CD) remains largely unexplained, there
have been major advances in our understanding of the pathogenic mechanisms
underlying intestinal inflammation. There is general agreement with regard to the
multifactorial character of the disease, in which a genetic predisposition, the exter-
nal environment, intestinal microbial flora, and the immune system are all involved.
Together, they result in the generation and maintenance of the chronic intestinal
inflammatory reaction [1].

Environmental Factors

Environmental factors seem to play an important role in the manifestation, course
and prognosis of CD. Epidemiological studies suggest that the prevalence of CD is
higher in industrialized countries. Moreover it seems that, at least in Western coun-
tries [2], but also in other parts of the world, there is currently a change in the type
of the most common diseases affecting humans, with a switch from infectious to
chronic inflammatory, including IBD, and neoplastic disease. This has been
explained by the “hygiene hypothesis,” i.e., the lack of exposure to microbial anti-
gens early in life due to changing sanitation conditions [3,4]. A variety of environ-
mental factors are considered to be risk factors for CD, among them, smoking,
drugs, diet, and the composition of the enteric flora [5]. Smoking is a recognized risk
factor for CD; patients who smoke, or have smoked in the past, are at greater risk of

M. Marrollo (�)
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developing CD than non-smokers. Patients with CD who never smoked have a high-
er incidence of early-onset (< 20 years) disease and perhaps even a stronger genetic
component, whereas current and former smokers seem to be diagnosed at a later age
[6]. A history of smoking also has deleterious effects on the course of the CD, includ-
ing greater recurrence after surgical and endoscopic procedures, more operations and
complications, and a reduced quality of life [7,8]; and the discontinuation of smok-
ing improves the disease course [9]. It has been proposed that passive smoking in
children is associated with an increased risk of developing CD; however, a recent
meta-analysis did not find a positive relationship between childhood passive smoke
exposure and CD [10]. The exact mechanism of the effect of smoking on CD remains
poorly understood but several mechanisms have been suggested. Macrophages from
smokers express a selective functional deficiency in their ability to kill intracellular
bacteria [11]. Nicotine or smoking could alter gut motility, reduce smooth muscle
tone and contractility (modulated by nitric oxide) [12], decrease permeability [13],
and alter the microcirculation [14]. Smoking, through the associated increased car-
bon monoxide concentration, may amplify impairment of the vasodilatation capacity
in chronically inflamed microvessels, resulting in ischemia and perpetuating ulcera-
tion and fibrosis [15]. Smoking also increases the thrombotic potential associated
with vascular damage. 

Other environmental agents associated with CD are oral contraceptives (OC),
although the association between OC and CD remains controversial. While a direct
causal relationship has not been found, women taking OC have twice the risk of
developing CD than those not taking contraceptives [16]. The pathogenic mechanism
is thought to be the formation of microthrombi and multifocal gastrointestinal infarc-
tion [17]. The lack of breastfeeding during infancy was found to be positively asso-
ciated with the risk of CD [18]. Beside providing immunological protection to the
newborn, breastfeeding might reduce the stimulatory effect of bacteria or endotoxins
on the immune system, either by direct reduction of exposure or by passive transfer
of immune responses from the mother, possibly leading to immature immune
response mechanisms in the infant [19].

Immunopathogenesis of Crohn’s Disease

The epithelial barrier acts as first-line of defense to limit antigen penetration to the
mucosal immune system. The intestinal epithelium, a polarized single layer covered
by mucus in which commensal bacteria are embedded, is a critical mediator involved
in the generation of immune tolerance and controlled inflammation to intestinal anti-
gens, and of host defense responses against pathogens [20]. The importance of the
epithelial barrier in disease predisposition is supported by the finding of abnormal
intestinal permeability in patients with CD as well as their first-degree relatives.
Moreover, defects in mucus production have been reported in patients with the dis-
ease [21]. Proinflammatory cytokines (TNF-α, IFN-γ, IL-17) released during intes-
tinal inflammation can induce an increase in epithelial permeability through a

M. Marrollo et al.2
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dynamic regulation of tight junctions. Finally, the bidirectional epithelial transport of
immunoglobulins, which neutralizes antigens in the lumen and provides information
on the contents of the lumen to the mucosal immune system, appears to be disrupted
under the inflammatory conditions of CD [20]. Intestinal epithelial cells express var-
ious receptors (Toll-like, NOD1 and 2, chemokine receptors, antibody-specific Fc)
that mediate communication between the luminal flora and the underlying network of
innate and adaptive immune cells. In particular, epithelial NF-kB modulation (acti-
vation/suppression) seems to be a key point in the inhibition or stimulation of
immune responses in CD [1]. In vitro and animal models support the role of bacteria
in minimizing epithelial cell NF-kB activation and inhibiting IKB-α degradation,
thus dampening intestinal inflammation. Moreover, spontaneous colitis develops and
the expression of antimicrobial peptides is significantly attenuated in mice with dele-
tion of IKBKG in intestinal epithelial cells [22]. Conversely, deletion of IKK-β in
mice intestinal epithelial cells does not trigger spontaneous colitis, as in the case of
NOD2 knockout mice. Together, these findings underline the role of the NF-kB sig-
naling pathway within the intestinal epithelium in sustaining mucosal homeostasis,
in mediating pathogen-specific responses, and in protecting or enhancing the inflam-
matory cascade in case of specific disease processes. Besides columnar epithelial
cells, the small intestine also contains other specialized epithelial cells. Paneth cells
play an important role in innate intestinal defense at the base of the crypts, where
they produce and secrete various antimicrobial peptides, including α-defensins. It
has been reported that a reduction in α-defensin expression by Paneth cells may con-
tribute to the pathogenesis of CD of the terminal ileum in patients bearing NOD2
mutations [23]. Goblet cells produce trefoil peptides, which are important for mucos-
al defense and repair. In animal models, a goblet-cell-specific protein (RELMβ) is
induced upon bacterial colonization, and disruption of the RELMβ gene reduces the
severity of colitis [24]. Moreover, a goblet-cell-derived secretory mucin, MUC2, is
differentially expressed in human inflammatory bowel disease (IBD), and MUC2
knockout mice develop spontaneous colitis [25]. The two main types of IBD, CD and
ulcerative colitis (UC), represent clearly distinct forms of intestinal inflammation
and profound alteration in mucosal immunity have been demonstrated in these
patients. CD is characterized by a CD4 T-helper cell type 1 (Th1-phenotype)
response dominated by the production of IFN-γ [26], while UC represents an atypi-
cal CD4 T-helper cell type 2 (Th2-phenotype) response characterized by an increased
production of IL-13 [27]. This simplistic interpretation of the adaptive immune
response is probably fundamentally correct, although recent studies suggest a more
complex overlap between the two forms of IBD. In particular, the dysfunction of reg-
ulatory cells (originally “suppressor cells”) seems to contribute to mucosal immune
abnormalities and the recently described Th17 cells appear to be involved in the
intestinal inflammatory response of both CD and UC. Moreover, defects of the innate
immune response seem to be a prerequisite for the excessive activation of adaptive
immunity [1]. Innate immunity is a defense system with limited specificity that acts
within minutes or hours and is mediated by several different cell types (epithelial
cells, neutrophils, monocytes, macrophages, dendritic cells, NK cells). This immune
response is primarily directed at the recognition of microbial antigens, through pattern
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recognition receptors on the cell surface (Toll-like receptors) and in the cytoplasm
(NOD proteins). The genetic association of CD with polymorphisms in the NOD2
gene and autophagy-related genes (ATG16L1 and IRGM) suggests that alterations in
the recognition and intracellular processing of bacterial components have a role in
disease pathogenesis [28]. The exact mechanisms by which NOD2 dysregulation con-
tributes to CD development remains incompletely understood. Transfection studies in
primary human mononuclear cells showed that CD-associated NOD2 mutations
induce a defective ability to activate NF-kB in response to muramyl dipeptide stim-
ulation. This finding contrasts with the increased activation of NF-kB observed in the
lamina propria of patients with CD. It has been hypothesized that loss-of-function
NOD2 mutations results in impaired host-microbial interaction through different
mechanisms (altered tolerance to bacterial stimulation, decreased clearance of oral
pathogens, and abnormal colonization of the mucosal layer resulting from decreased
production of α-defensins by epithelial cells). Under normal conditions, the constant
exposure to luminal bacteria leads to chronic activation of the NOD2 signaling net-
work and a hyporesponsiveness of cells to stimulation with NOD2 and TLR ligands.
This tolerizing effect is impaired in individuals with disease-associated NOD2 vari-
ants [29]. Moreover, NOD2 knockout mice show increased Listeria monocytogenes
spleen and liver colonization following oral exposure to this pathogen, and intestin-
al epithelial cells expressing a NOD2 frameshift variant have an impaired capacity to
control the growth of Salmonella typhimurium. Although it has been reported that the
level of some defensin-related sequences are decreased in NOD2 knockout mice and
that the expression of human defensins 5 and 6 are decreased in the affected ileum of
patients with CD, recent data have shown that decreased α-defensins expression is
not related to NOD2 variants, but probably reflects a loss of surface epithelial and
Paneth cells secondary to inflammation [28]. Finally, the recently identified genetic
associations between autophagy genes and CD point out the importance of impaired
intracellular processing of bacterial components as a pathogenic step leading to dis-
ease. It has been shown that ATG16L1 expression by intestinal epithelial cells is
essential for autophagy of Salmonella typhimurium [30]. Moreover, mice deficient in
the IRGM autophagy gene have an impaired capacity to eliminate intracellular
microrganisms (Toxoplasma gondii and Listeria monocytogenes). In this context, it
seems that alterations in the intracellular processing of bacteria, with a subsequent
compensatory increase in the activity of Th1 cells, could represent a key feature in
the pathogenesis of CD. Adaptive immunity is a defense system that acts within a few
up to several days and depends on the type and number of various cells. In this con-
text, responses are evoked through the combination of resident and recruited cell
populations (mucosal B cells, T cells of Th1, Th17 or Th2 phenotype, regulatory T/B
cells). In particular, Th1 development is triggered by microbial antigens that stimu-
late the production of IFN-γ and IL-12 subunit p40, while STAT6 enhances Th2
development and GATA3 induces the typical cytokine pattern (IL-4,IL-5, IL-13)
[31]. Recent reports have highlighted the role of T regulatory cells and Th17 cells in
the pathogenesis of CD. T regulatory cells exist in different subtypes: Tr1 cells
(CD4+CD25-Tcells) exert their suppressor function through the secretion of IL-10;
Tregs (CD4+CD25+FOXP3+Tcells) require cytokines and cell contact for their func-
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tion; NKT cells act through cytokine secretion and cytotoxicity; and a variety of
CD8+ cells use different mechanisms [32]. Studies focusing on the role of regulato-
ry T cells in the pathogenesis of IBD have been extensively performed in animal
models and have shown that normal CD4+ T-regulatory cell responses and commen-
sal bacteria are required for the maintenance of gut immune homeostasis and that the
administration of regulatory T cells may cure experimental colitis. Human studies
have provided evidence that the relative proportion of Tregs is significantly increased
in patients with active IBD and directly related to disease activity [33]. The recent
discovery of a third Th lineage (Th17 cells), both developmentally and functionally
distinct from Th1 and Th2 cells, has challenged the paradigm according to which
CD4+ effector T helper cells are divided in two main separate subpopulations (Th1
and Th2). Th17 cells require IL-23, Il-6, and TGF-β1 for their differentiation and
growth, and they produce IL-17, IL-6, and TNF-α. These cells mediate inflammation,
immunity, and tissue damage in various conditions (autoimmunity, infections,
inflammatory processes) [34]. As far as the pathogenesis of CD is concerned, Th17
cells and a subset of T cells sharing features of both Th1 and Th17 cells (i.e., produc-
ing both IFN-γ and IL-17) have been detected in the inflamed mucosa of patients.
Cells sharing features of both Th1 and Th17 can arise from the modulation of Th17
cells by IL-12 and are partially inhibited by IL-23. These cells raise intriguing ques-
tions about the functional relationships and the role of Th17 and Th1 in mediating
inflammatory processes in CD [35]. The role of Th17 cells in the pathogenesis of
IBD is currently under intense investigation. In particular, Th17 cells express on their
surface the IL-23 receptor. It has been recently reported that variations in the gene
encoding the IL-23 receptor subunit are associated with CD [28]. IL-23, a cytokine
needed for the production of IL-17, shares the common subunit p40 with IL-12 (a key
cytokine for IFN-γ production in the Th1 response). In this context, anti-p40 antibod-
ies, originally thought to block IL-12 and thus of interest for the treatment of CD,
also down-regulate IL-23 and, downstream, IL-17. Thus, the beneficial effects of
these antibodies, which were originally ascribed to inhibition of the Th1 response
(IL-12 and IFN-γ), may indeed be determined by inhibition of the Th17 response (IL-
23 and Th17 cells) [36].

Microbial Factors

Commensal bacteria are involved in the pathogenesis of human IBD and in experi-
mental colitis. In at least 11 different animal models, colitis and immune activation
fail to develop in the absence of commensal bacteria [37], while multiple animal
models of colitis respond to antibiotics and probiotics. Klebsiella monoassociation

induces moderate pancolitis [37] and Bifidobacterium animalis monoassociation
causes distal colonic and duodenal inflammation [38]. These results demonstrate that
even a traditionally probiotic bacterial species can induce inflammation in a suscep-
tible host, raising concern over the safety of probiotic therapy in some patients. IBD
patients can respond favorably to antibiotic and probiotic treatment [39]. Antibiotics
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are effective for Crohn’s colitis but not isolated ileitis, except in the postoperative
state in which loss of the ileocecal valve probably changes the luminal microenviron-
ment. The dominant bacterial stimuli are different in ileal and colonic CD, such that
commensal bacteria probably have a more important role in CD and pouchitis than in
UC; thus, subsets of patients will respond selectively to individual treatments. There
is reasonable experimental support for only two pathogens in the development of CD.
The granulomatous inflammation of CD resembles that of intestinal tuberculosis or
the spontaneous enteritis caused by Mycobacterium avium subspecies paratuberculo-
sis (MAP) in ruminants, which is known as Johne’s disease [40]. Noncontrolled stud-
ies have reported that up to 84% of patients respond to treatment with combinations
of antibiotics effective against MAP [40,41]. It is more likely that this relatively com-
mon environmental agent selectively colonizes or lodges in the ulcerated mucosa of
CD patients but does not cause disease. Darfeuille-Michaud and Colombel recovered
a virulent strain of Escherichia coli from 22% of mucosal biopsies from CD patients.
These results are consistent with reports of immunohistochemical evidence of
increased E. coli mucosal adherence, invasion of ulcers and fistulae, and their pres-
ence within lamina propria macrophages in CD patients [42,43], and with the con-
cept of defective clearance of intracellular infections by patients with CARD15 poly-
morphisms [44]. An altered balance of beneficial versus aggressive microbial species
could lead to a proinflammatory luminal milieu that drives chronic intestinal inflam-
mation in a susceptible host. Numerous studies have implicated several commensal
organisms, such as E. coli as well as Bacteroides, Enterococcus, and Klebsiella
species, in the pathogenesis of experimental intestinal inflammation and human IBD
[37]. By contrast, various Lactobacillus and Bifidobacterium species have predomi-
nantly protective effects and have been used therapeutically as probiotics [37].
Dietary components can alter the composition and virulence of enteric commensal
bacteria, providing a potential explanation for the marked increase in the incidence
of IBD in Western countries in the second half of the twentieth century, and more
recently in Eastern countries, as they adopt Western dietary practices [45]. A defect
in mucosal barrier integrity could lead to increased uptake of luminal antigens and/or
adjuvants that overwhelm the net suppressive tone of the mucosal immune system.
Alternatively, a defect in epithelial repair could potentiate damage by environmental
triggers, such as NSAIDs or infections, that cause only transient damage in normal
hosts. The association of CARD15 with CD and the therapeutic activity of granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) support the novel hypothesis
that CD is the result of defective bacterial killing. 

References

1. Xavier RJ, Podolsky DK (2007) Unravelling the pathogenesis of inflammatory bowel disease.
Nature 448:427-433

2. Cohen ML (2000) Changing patterns of infectious disease Nature 406:762-767
3. Gent AE, Hellier MD, Grace RH et al (1994) Inflammatory bowel disease and domestic hy-

giene in infancy. Lancet 343:766-767

M. Marrollo et al.6

1



4. Bach JF (2002) The effect of infections on susceptibility to autoimmune and allergic disease.
N Engl J Med 347:911-920

5. Danese S, Fiocchi C (2006) Etiopathogenesis of inflammatory bowel disease. World J Gas-
troenterol 12(30):4807-4812

6. Mahid SS, Minor KS, Stromberg AJ, Galandiuk S (2007) Active and passive smoking in child-
hood is related to the development of inflammatory disease. Inflamm Bowel Dis 13:431-438

7. Lindberg E, Jarnerot G, Huitfeldt B (1992) Smoking in Crohn’s disease: effect on localiza-
tion and clinical course. Gut 33:779-782

8. Russel M, Volovics A, Schoon E et al (1988) Inflammatory bowel disease: is there any rela-
tionship between smoking status and disease presentation? European Collaborative IBD
Study Group. Inflammatory Bowel Dis 4:182- 186

9. Cottone M, Rosselli M, Orlando A et al (1994) Smoking habits and recurrence in Crohn’s dis-
ease. Gastroenterology 106:643-648

10. Jones DT, Osterman MT, Bewtra M, Lewis JD (2008) Passive smoking and inflammatory bow-
el disease: a meta-analysis. Am J Gastroenterol 103(9):2382-2393

11. King TE Jr, Savici D, Campbell PA (1988) Phagocytosis and killing of Listeria monocytogenes
by alveolar macrophages: smokers versus nonsmokers. J Infect Dis 158:1309-1316

12. Green JT, Richardson C, Marshall RW et al (2000) Nitric oxide mediates a therapeutic effect
of nicotine in ulcerative colitis. Aliment Pharmacol Ther 14:1429-1434

13. Suenaert P, Bulteel V, Den Hond E et al (2000) The effects of smoking and indomethacin on
small intestinal permeability. Aliment Pharmacol Ther 14:819-822

14. Danese S (2007) Inflammation and the mucosal microcirculation in inflammatory bowel dis-
ease: the ebb and flow. Curr Opin Gastroenterol 23:384-389

15. Hatoum OA, Binion DG, Otterson MF et al (2003) Acquired microvascular dysfunction in in-
flammatory bowel disease: loss of nitric oxide-mediated vasodilatation. Gastroenterology
125:58-69

16. Timmer A, Sutherland LR, Martin F (1998) Oral contraceptive use and smoking are risk fac-
tors for relapse in Crohn’s disease. The Canadian Mesalamine for Remission of Crohn’s Dis-
ease Study Group. Gastroenterology 114:1143-1150

17. Wakefield AJ, Sawyerr AM, Hudson M et al (1991) Smoking, the oral contraceptive pill, and
Crohn’s disease. Dig Dis Sci 36:1147-1150

18. Corrao G, Tragnone A, Caprilli R et al (1998) Risk of inflammatory bowel disease attributa-
ble to smoking, oral contraception and breastfeeding in Italy: a nationwide case-control study.
Int J Epidemiol 27:397-404

19. Sears MR, Greene JM, Willan AR et al (2002) Long-term relation between breastfeeding and
development of atopy and asthma in children and young adults: a longitudinal study. Lancet
360:901-907

20. Kucharzik T, Maaser C, Lugering A et al (2006) Recent understanding of IBD pathogenesis:
implications for future therapies. Inflamm Bowel Dis 12:1068-1083

21. Baumgart DC, Carding SR (2007) Inflammatory bowel disease: cause and immunobiology.
Lancet 369:1627-1640

22. Nenci A, Becker C, Wullaert A (2007) Epithelial NEMO links innate immunity to chronic in-
testinal inflammation. Nature 446:557-561

23. Wehkamp J, Salzman NH, Porter E (2005) Reduced Paneth cell α-defensins in ileal Crohn’s
disease. Proc Natl Acad Sci 102:18129-18134

24. McVay LD, Keilbaugh SA, Wong TM (2006) Absence of bacterially induced RELMβ reduces
injury in the dextran sodium sulphate model of colitis. J Clin Invest 116:2914-2923

25. Van der Sluis M, De Koning BA, De Bruijn AC (2006) Muc2-deficient mice spontaneously
develop colitis, indicating that MUC2 is critical for colonic protection. Gastroenterology
131:117-129

26. Cobrin GM, Abreu MT (2005) Defects of mucosal immunity leading to Crohn’s disease. Im-

1 Etiology 7



munol Rev 206:277-295
27. Targan SR, Karp LC (2005) Defects of mucosal immunity leading to ulcerative colitis. Im-

munol Rev 206:296-305
28. Cho JH (2008) The genetics and immunopathogenesis of inflammatory bowel disease. Na-

ture Rev Immunol 8:458-465
29. Hedl M, Li J, Cho JH, Abraham C (2007) Chronic stimulation of Nod2 mediates tolerance to

bacterial products. Proc Natl Acad Sci 104:19440-19445
30. Rioux JD, Xavier RJ, Taylor KD (2007) Genome-wide association study identifies new sus-

ceptibility loci for Crohn disease and implicates autophagy in disease pathogenesis. Nat
Genet 39:596-604

31. Weaver CT, Hatton RD, ManganPR, Harrington LE (2007) IL-17 family cytokines and the
expanding diversity of effector T cell lineages. Annu Rev Immunol 25:851-852

32. Jiang H, Chess L (2004) An integrated view of suppressor T cell subsets in immunoregula-
tion. J Clin Invest 114:1198-1208

33. Himmel ME, Hardenberg G, Piccirillo CA et al (2008) The role of T-regulatory cells and Toll-
like receptors in the pathogenesis of human inflammatory bowel disease. Immunology 125:145-
153

34. Steinman L (2007) A brief history of Th17, the first major revision in the Th1/Th2 hypothe-
sis of T cell–mediated tissue damage. Nat Med 13:139-145

35. Annunziato F, Cosmi L, Santarlasci V et al (2007) Phenotypic and functional features of hu-
man Th17 cells. J Exp Med 204:1849-1861

36. Fuss IJ, Becker C, Yang Z (2006) Both IL-12p70 and IL-23 are synthesized during active Crohn’s
disease and are down-regulated by treatment with anti-IL-12 p40 monoclonal antibody. In-
flamm Bowel Dis 12:9-15

37. Sartor RB (2004) Microbial influences in inflammatory bowel disease: role in pathogenesis
and clinical implications. In: Sartor RB and Sandborn WJ (eds) Kirsner’s inflammatory bow-
el diseases. Elsevier, Philadelphia, pp 138–162

38. Moran JP et al (2006) Bifidobacterium animalis causes mild inflammatory bowel disease in
interleukin-10 knockout mice [abstract]. Gastroenterology 130:A6

39. Sartor RB (2004) Therapeutic manipulation of the enteric microflora in inflammatory bowel
diseases: antibiotics, probiotics and prebiotics. Gastroenterology 26:1620–1633

40. Sartor RB (2005) Does Mycobacterium avium subspecies paratuberculosis cause Crohn’s dis-
ease? Gut 54:896–898

41. Shafran I, Kugler L, El-Zaatari FA et al (2002) Open clinical trial of rifabutin and clar-
ithromycin therapy in Crohn’s disease. Dig Liver Dis 34:22–28

42. Swidsinski , Ladhoff A, Pernthaler A et al (2002) Mucosal flora in inflammatory bowel dis-
ease. Gastroenterology 122:44–54

43. Liu Y Liu Y, van Kruiningen HJ, West AB et al (1995) Immunocytochemical evidence of Lis-
teria, Escherichia coli, and Streptococcus antigens in Crohn’s disease. Gastroenterology
108:1396–1404

44. Hisamatsu T, Suzuki M, Reinecker HC et al (2003) CARD15/NOD2 functions as an anti-bac-
terial factor in human intestinal epithelial cells. Gastroenterology 124:993–1000

45. Loftus EV Jr (2004) Clinical epidemiology of inflammatory bowel disease: incidence, preva-
lence, and environmental influences. Gastroenterology 126:1504–1517

M. Marrollo et al.8

1



9

Epidemiology 

M. Rizzi

2

Introduction

Epidemiology studies the frequency of illness and in some cases can suggest causes
and mechanisms for chronic idiopathic diseases, including Crohn’s disease (CD).
One well-received current hypothesis for the etiology of inflammatory bowel dis-
eases (IBD) is a genetic predisposition to dysregulation of the gastrointestinal
immune system. This possibility is supported by studies of monozygotic twins, in
which the concordance of CD is 50–60%. However, the remaining 50% are discor-
dant for CD, suggesting that environmental factors also play an important role in dis-
ease development.

In epidemiology, both the incidence and the prevalence of a disease are impor-
tant parameters. The frequency of newly diagnosed cases of a disease over a definite
time interval is defined as the incidence and it is expressed as a rate. In CD litera-
ture, the number of cases is conventionally reported per 100,000 person-years.
Prevalence measures the proportion of individuals of a population that, at any given
time, have the disease. It is expressed as cases per 100,000 persons.

Geographical and Genetic Factors

There are several reports concerning the incidence of CD in many regions of the
world [1]. Some parts of the world are historically associated with CD. Specifically,
Northern Europe [2,3], the UK [4,5], and North America [6–10], which have the
highest incidence and prevalence of the disease. More recently, however, the inci-
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dence and prevalence of CD have been increasing in other areas of the world, i.e.,
Southern and Central Europe [11–13], Asia [14], Africa, and South America [15]. In
North America, incidence rates range from 3.6 (South California) to 14.6 (Manitoba,
Canada) cases per 100,000 person-years and prevalence from 26 to 199 cases per
100,000 persons. In Europe, incidence rates are between 0.7 (Croatia) and 9.8
(Scotland) cases per 100,000 person-years while prevalence ranges from 8.3
(Croatia) to 214 (UK).Thus, a “north-south gradient” is often cited because the rates
seem to be highest in northern countries [7–9], but this difference has lessened [2] as
developing countries “gain affluence” [16]. Typical examples of this trend are
Eastern Europe countries [17]. Historically, CD was rare in Middle and South
America, Asia, and Africa, with the exceptions of Israel and South Africa. Recently,
the incidence of CD has grown in many countries of these regions, including in
Japan, South Korea, Singapore [14], India, South America while all of which were
previously characterized by a very low incidence of CD [15]. Data from Japan and
Korea suggest that urbanization and industrialization, and ultimately a more
“Western” lifestyle as responsible for the change in the incidence [18]. Nonetheless,
it must be underlined that in most of these areas CD remains a rare disease. Also
noteworthy is the fact that the incidence of CD is stable in many high-incidence
areas, such as Scandinavia and Minnesota. In Olmsted County, Minnesota, the preva-
lence of CD is rising while its incidence is stable, perhaps because of the increase in
the average life-span of CD patients, the earlier age of disease onset or earlier diag-
nosis, and the growing number of immigrants [19].

An analysis of the temporal and geographic tendencies in CD incidence and of
the time course of the disease shows that the incidence appears to be low in develop-
ing countries. This observation may reflect the limited availability of diagnostics and
in general the low diagnostic capacities. Moreover, in these areas there is a frequent
diagnostic overlap with infectious causes of diarrhea.

Aside from environmental factors, are there differences in the incidence of CD
that involve genetics? According to literature reports, the incidence of CD among
African-Americans is approaching that of white Americans. Regarding the course of
the disease, hospitalization rates for CD are superimposable among whites and
blacks in southern California, and the prevalence of CD among whites is about one-
third higher than among blacks [6]. It seems that Asian-Americans, Americans of
Hispanic background, and aboriginal North Americans are less likely to develop CD
[20], although available data are limited. In a British prospective study, the risk of
CD among African-Caribbean and white children was similar [21]. The incidence of
CD in Derby, UK, evaluated in a retrospective study, was likewise found to be simi-
lar among whites and African-Caribbean adults [22].

Hormonal Factors

As a rule, in CD there is a small female predominance, although in some low-inci-
dence areas the disease is more prevalent in males. The latter might be explained by
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the reluctance of women in those countries to undergo a physical examination and, in
general, by the decreased attention to women’s health in under-developed regions of
the world.

The female predominance, especially among women in late adolescence and early
adulthood, has led to suggestions that hormonal factors are involved in the expres-
sion of CD. This link is strengthened by the increased risk of CD in women who take
oral contraceptives, reported in some case-control and cohort studies from the United
States [23] and the UK [24]. The risk of CD was reported to be three-fold higher than
in women not taking contraceptives; however, after the results were adjusted to take
cigarette smoking into account, they were not statistically significant. A dose-
response effect, with increased risk related to the prolonged [25] and high-dose [26]
intake of estrogen has been reported. Data about the role of contraceptives in the
course of existing CD are contradictory. Timmer et al. showed that oral contraceptive
use is a predictor of relapse [27], while Cosnes et al. did not find an association with
recurrence [28]. Ultimately, a weak association between oral contraceptive use and
CD seems likely, perhaps mediated by the thrombogenic properties of oral contracep-
tives and by alterations of the intestinal microcirculation.

In the light of what we know about the higher rates of venous thromboembolism
in CD patients compared to non-IBD controls (OR 1.48, 95% CI 1.35–1.62) [29] and
about the thrombogenic properties of estrogen [30], it seems reasonable to recom-
mend that CD patients with additional risk factors for thromboembolic disease
should avoid oral contraceptives and other forms of exogenous estrogen.

Age

Crohn’s disease is mostly diagnosed in young people, with the mean age at diagnosis
ranging from 33.4 to 45 years according to the results of a systematic review of pop-
ulation-based cohorts of CD from North America [31]. Another study reported a
median age at diagnosis of 29.5 years [7]. A bimodal age distribution has been pro-
posed, with an incidence peak around 20–30 years and a second, smaller peak in later
decades. However, this has not been unequivocally confirmed by more recent epi-
demiological studies. In particular it remains unclear whether the differences in age
distribution are real or represent variations in the diagnostic criteria and/or classifi-
cation of CD.

Cigarette Smoking

Several studies have shown that cigarette smoking is a risk factor for CD and that
smokers have a two-fold higher risk of developing CD than non-smokers [32].
Nevertheless, this association between smoking and CD is not seen in some ethnic
groups or geographic regions, for example in the Israeli Jewish population [33].
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Moreover, the clinical course and expression of CD may be influenced by smoking.
In smokers, CD more frequently involves the ileum [34] and the disease is purely
inflammatory [35]. If CD patients continue their smoking habit after surgical resec-
tion, the risk of recurrent disease is increased [36,37] and the need for second sur-
gery is more than four times higher than in non-smokers [36]. Also, CD patients who
smoke have a greater need of immunosuppressants [37]. The discontinuation of
smoking reduces the number and the severity of disease flares and thus spares
patients the need for corticosteroid and immunosuppressant therapy [38]. In children,
the exposure to passive cigarette smoke seems to increase the risk of developing CD,
according to a Swedish study [39].

Appendectomy

Several studies have examined the relationship between appendectomy and the risk
of these patients to develop CD [40]. Most of these analyses showed a trend but not
a statistically signif icant relationship between these two events. Moreover, we have
to consider that symptoms of CD and appendicitis can be similar, and many diag-
noses of appendicitis can mask an undiagnosed CD. Assuming that appendectomy
indeed increases the risk of CD, we can propose that removal of the appendix caus-
es an imbalance of the gut immune system, which may be responsible or co-respon-
sible for initiating the disease [40]. A similar explanation for the inverse correla-
tion between ulcerative colitis and  absence of previous appendectomy has been
suggested.

Dietary Factors

Diet might be involved in the development of CD, and a plausible role for diet is
based on the fact that luminal antigens are mainly represented by dietary and bacte-
rial antigens. Moreover, the differences in CD risk across different countries and the
increases in CD incidence in migrant populations can be explained by differences in
diet habit. In the studies available thus far, the only consistent association was
between increased sugar intake and CD, identified by Martini et al. [41] and con-
firmed in several case-control studies [42].

Childhood Factors and Infection

Events in early childhood have been suggested to shape and modify the risk of CD
and disease expression. While several factors have been studied for an association
with CD, including type of feeding (in particular breastfeeding), domestic hygiene,
and perinatal infections, a significant association has not been found. The only data

M. Rizzi12

2



of interest in this respect are a four-fold increased risk for CD in patients with a
recorded perinatal health event, such as infection or illness in mother or child, and a
three-fold increased risk for CD in infants from families of low socioeconomic sta-
tus, reported by Ekbom et al. [43].

The analogies between tuberculosis and CD have resulted in controversy for over
20 years [44]. Mycobacterium avium subspecies paratuberculosis (MAP) causes
chronic diarrhea in ruminants and other species, with histological evidence of a gran-
ulomatous inflammation of the intestine. In the 1980s, MAP was found in the intestin-
al specimens of patients with CD [45]. Initially, higher rates of MAP antibody in CD
patients were measured in seroprevalence studies, but subsequent investigations could
not confirm this result [46]. Moreover, many open-label studies reported a clinical
improvement of CD in patients administered drugs with antimycobacterial activity
[46–48], but, again, randomized clinical trials could not confirm these findings.

Conclusions

The role of epidemiology is not only to describe the impact of diseases in a popula-
tion and to study associations between variables and disease, but also to provide a
useful key to understanding the causes and mechanisms underlying disease develop-
ment.

In CD, genetic factors appear to be important in the pathogenesis of the disease,
but environmental factors can significantly modify its expression. Factors so far
identified that can alter the risk and expression of CD include a family history of
IBD, cigarette smoking, and appendectomy. 

It is essential to continue research to identity the risk factors of CD and their abil-
ity to influence the disease expression in the hope of finding the root causes of CD
and start looking for means to remove them.
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Introduction

In the last few years, the application of molecular studies in medicine has dramati-
cally increased our knowledge of the biological basis of human diseases. This is evi-
dent not only for rare single-gene disorders, but also for many common disorders,
including Crohn’s disease (CD). 

The genetics of CD parallels those of ulcerative colitis, because most genetic stud-
ies have been performed and/or replicated in both disorders with similar results [1].
These two conditions are autoimmune disorders of the gastrointestinal tract, grouped
under the umbrella terminology of inflammatory bowel disease (IBD). This grouping
was originally guided by well-consolidated clinical and pathogenic similarities. More
recently, an increasing number of genetic studies have demonstrated that this pheno-
typic overlap is mirrored by a relatively common genetic background. From a molec-
ular perspective, these findings suggest that CD and ulcerative colitis most probably
represent two ends of a continuous clinical spectrum that is partly explained by the
same etiopathogenic mechanism. The evidence that at least 25–33% of IBD patients
with chronic inflammation of the gastrointestinal mucosa cannot be definitively diag-
nosed with either CD or ulcerative colitis and are therefore classified as having “inde-
terminate colitis” further illustrates this assumption [2]. Additional support of this
hypothesis is provided by evidence that, among familial cases of IBD, more than 20%
of affected family members are discordant for the IBD phenotype [3]. 

This chapter summarizes current knowledge of the genetic/molecular basis of
CD, defines the applications and limits of genetic counseling in this complex disor-
der, and discusses future perspectives in the growing field of genetics. 
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Genetic Susceptibility in Crohn’s Disease

A first clue to the possible role of a genetic factor in the pathogenesis of CD was the
observed discrepancy in disease incidence among different populations. CD (as well
as ulcerative colitis) is a relatively common disorder in North America and Europe,
and an accurate estimation of disease frequency in the various European countries is
now available [4,5]. By contrast, CD is rarer in other regions of the world, including
Japan, India, Latin America, and Singapore (for further reading, see the chapter on
“Epidemiology and Pathophysiology”) [6]. However, these differences may also
reflect lifestyle and environmental factors. Accordingly, recent studies have demon-
strated an increasing trend in incidence in several Asian countries, in which CD was
previously considered rare [7]. Possible non-genetic factors include modification of
dietary habits, improved sanitation, and industrialization. Moreover, migration stud-
ies indicate that disease incidence rises when populations move from low-risk to
higher-risk geographic areas [8]. Thus, taken together, this evidence offers only weak
support for a major role of genetic predisposition in the pathogenesis of CD. 

A stronger indication of the existence of a genetic susceptibility in CD is offered
by family and twin studies. It is well known that 5–20% of CD patients have a fam-
ily history of IBD [9,10]. However, in most familial cases the disease clearly does not
segregate as a Mendelian (i.e., monogenic) trait. Robust data collected by multiple
studies show that monozygotic twin concordance is higher than dizygotic twin con-
cordance (20–50% vs. 0–7%, respectively) [11–14]. Moreover, the lack of complete
concordance among monozygotic twins further supports a role for one or more envi-
ronmental factors in disease pathogenesis. Together, these data indicate that no sin-
gle gene mutation is sufficient and/or necessary to cause CD, which, accordingly, can
be considered a multifactorial disorder. In contrast to monogenic conditions, in mul-
tifactorial (or complex) disorders genetic variants do not cause the disease, but rather
merely modify individual susceptibility to it. Genetic variations (polymorphisms)
involved in multifactorial disorders are frequently (>1%) encountered in the general
population. Therefore, in any given individual, the presence/absence of specific poly-
morphisms increases or decreases her/his relative risk of developing the associated
disorder. The disease is therefore ultimately caused by a variable mixture of genetic,
environmental and, probably, stochastic factors that cooperate in its etiopathogenesis
(Fig. 3.1).

Unraveling the pathogenic sequence variants implicated in disease development
is dramatically more difficult in complex disorders than in monogenic diseases. In
the second half of the 1990s, a multitude of studies tried to identify inherited suscep-
tibility markers for CD. The vast majority of these works consisted of case-control
association and linkage studies. These methods tested the likelihood of an associa-
tion between a known polymorphism or chromosomal segment (locus) and CD. The
power of these associations was evaluated by statistical analyses and the results usu-
ally expressed as an odds ratio and LOD (logarithm of odds) score. Nonetheless,
despite the association strength that may be established in a single study, a major
limit of this type of work is the need for further evidence in order for the findings to
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be considered scientifically relevant. In fact, among the astonishingly high number
of genes/loci claimed to be associated with CD, only a minority of them has been
identified in other populations and/or supported by functional studies. 

Since 2007, research in the field of CD genetics has moved from studies testing
one or more genetic variants to analyses that screen the entire genome simultaneous-
ly in hundreds of patients (genome-wide association studies). In these studies, geno-
typing platforms assess several hundred thousand single-nucleotide polymorphisms
and compare allele frequencies in individuals with the disease vs. healthy controls.
With rigorous sample selection, genome-wide association studies have been able to
confirm previous associations and to identify new loci/polymorphisms linked to CD
(for a review, see [1]). To date, more than 40 loci have been associated with CD
(Table 3.1); however, most of these associations are inconsistent or, as yet, prelimi-
nary, demonstrated in single populations and/or using a relatively small sample size. 

3 Genetics 19

Fig. 3.1 Ideogram illustrating the relationships between monogenic, oligogenic, polygenic, multi-
factorial, and environmental diseases. In monogenic disorders (left), the clinical features are cau-
sed by mutations in single genes. However, lack of penetrance and variable expressivity may
reflect minor influences of modifier genes, environmental factors, and stochastic events.
Oligogenic and polygenic disorders are caused by mutations in 2–3 genes and >3 genes, respec-
tively. Therefore, the disease is not determined by single mutations but results from the concur-
rence of several or many pathogenic variants in multiple loci. Multifactorial disorders (middle)
are caused by the interaction between complex genetic susceptibility and non-genetic factors,
which are equally essential for disease development. Finally, there are environmental disorders
(right), including traumatic diseases, in which genetic predisposition plays very little role in
disease pathogenesis



M. Castori, P. Grammatico20

3 Table 3.1 Identified susceptibility loci/genes in Crohn’s disease

Chromosome region Locus name Gene(s) Reference(s) 

1p31.1 IBD17 IL23R [15,16]

1p36 IBD7 PIK3CD [17]

1q31-q32 IBD23 IL10 [18]

1q44 – NLRP3 [19]

2q14 – IL1B [20]

2q14.2 – IL1RA [20]

2q37.1 IBD10 ATG16L1 [21]

3p21.3 IBD12 MST1 [22,23]

3p21.3 – TLR9 [24]

3p26 IBD9 – [25]

4p14 – TLR1 [26]

4p14 – TLR6 [26]

4q23-q24 – NFKB1 [27]

4q32 – TLR2 [26]

5p13.1 IBD18 PTGER4 [28,29]

5q31-q33 IBD5 SLC22A4, SLC22A5 [30,31]

5q31.1-q33.1 – IL12B [16]

5q33.1 IBD19 IRGM [32]

6p21.3 IBD3 HLA (class II), [33–35]

– MICA, TNFA

7p15-p14 NOD1/CARD4 [36]

7q21 – IL6 [37]

7q21.1 IBD13 ABCB1/MDR1 [38]

7q22 IBD11 MUC3A [39]

7q32 IBD14 IRF5 [40]

9q32 IBD16 TNFS15 [41]

9q32-q33 – TLR4 [42]

10q21 IBD15 – [43]

10q23-q24 IBD20 DLG5 [23,44]

10q24.2 – NKX2.3 [32,33]

11q22.2-q22.3 – IL18 [45]

12p13.2-q24.1 IBD2 VDR, STAT6, [46]

INFG, MMP18

14q11-q12 IBD4 IL25, TCR [47]

15q26.1 – IL16 [48]

16p IBD8 – [49]

16q12 IBD1 NOD2/CARD15 [50,51]

17q21 IBD22 STAT3 [23]

18p11 IBD21 PTPN2 [33]

19p13 IBD6 ICAM1 [52]

19p13.1 – MYO9B [53]

19p13.3 – TUCAN/CARD8 [54]



Specific Loci Associated with Crohn’s Disease

The recent CD immunopathogenesis paradigm suggests that a defective immune
response impairs the clearance of luminal antigens and/or pathogens and leads to the
development of chronic intestinal inflammation. Factors that very probably con-
tribute to this process include alterations in: (i) barrier function of the intestinal
epithelium, (ii) innate immune cells, (iii) lymphocyte function in the gut lamina pro-
pria and mesenteric lymph nodes, and (iv) lymphocyte- and stromal-cell-derived fac-
tors [1]. Accordingly, many of the CD-associated genes encode proteins expressed in
one or more of these cell lines and involved in the immune response. 

In CD, the strongest known association is with the NOD2 gene [51,55]. NOD2 is
located in the long arm of chromosome 16 (16q12) and consists of 12 exons, encod-
ing a protein of 1040 amino acids. NOD2 is a pattern recognition receptor, which,
acting as an intracellular sensor activated by peptidoglycan-muramyl dipeptide, is
directly involved in the innate immune response. Peptidoglycan-muramyl dipeptide is
a barrier constituent in both gram-positive and gram-negative bacteria. Contact with
NOD2 stimulates nuclear factor-κB and mitogen-activated protein kinase signaling
pathways in paneth cells and macrophages [56,57]. The NOD2 polymorphisms
Arg702Trp, Gly908Arg, and 3020insC are the most common genetic variants associ-
ated with CD. In particular, approximately 33% of CD patients have one of these
polymorphisms in one or both alleles compared with 10–15% of the normal popula-
tion of European ancestry [50,58]. However, NOD2 polymorphisms are absent in
Japan, China, and Korea [59–61], and are rare in African Americans [62]. The odds
ratio for NOD2 heterozygotes is 2.4 while for homozygotes it is 17.1 [63]. This
strongly indicates that the molecular pathogenesis of CD is different among popula-
tions and that NOD2 is neither necessary nor sufficient for disease development.
Additional studies have investigated the role of NOD2 in the development of specif-
ic disease features, such as increased risk for extraintestinal manifestations, ileal
localization, early-onset, fistula formation, and fibrostenosis, but the available data
are currently too preliminary to be considered useful for clinical practice [63–65].
Details regarding the applications and limits of NOD2 genetic testing are discussed
in the following section.

ATG16L1 is another gene involved in the innate immune response and strongly
associated with CD. It is located in 2q37.1 and consists of 17 exons. ATG16L1 has
been implicated in autophagy and is expressed by intestinal epithelial cells, antigen-

presenting cells, and CD4+, CD8+, CD19+ primary human T cells. The ATG16L1 sin-
gle-nucleotide polymorphism Ala281Thr is associated with CD, with the less-com-
mon threonine allele conferring protection from disease development [21]. Other
genes implicated in the innate immune response have been associated with CD,
including IRGM, NLRP3, NOD1, TLR1, TLR2, TLR4, TLR6, and TLR9
[19,24,26,32,36,42]. Interestingly, mutations in one of these genes, NLRP3, also have
been implicated in rare Mendelian autoinflammatory syndromes, such as chronic
infantile neurological, cutaneous, and articular (CINCA) syndrome and Muckle-
Wells syndrome. This evidence indicates a pivotal role of NLRP3 dysregulation in the
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3 development of an abnormal immune response, resulting in autoimmune disorders. 
The adaptive immune system also plays a relevant role in CD immunopathogen-

esis. Recent evidence suggests that the IL23R pathway is a key factor in disease

development. In fact, IL32R is expressed by natural killer (NK) cells, CD4+ T cells,
and CD8+ T cells. Its ligand, IL23, consists of the p19 and p40 subunits, with p19
overexpression resulting in multiorgan inflammation, including in the intestine, in
mice [66]. IL23 is also necessary for the maximal induction of inflammation in
innate-immune-cell-mediated intestinal inflammation [67]. More specifically, the
Arg381Gln polymorphism of IL23R is significantly underrepresented in patients
with CD compared with controls. The glutamine allele confers an approximately
threefold increase (odds ratio = 0.26) in protection against the development of CD
[15]. The role of IL23R signaling in CD pathogenesis is further supported by the
identification of an association between CD and other genes, namely, IL12B, STAT3,
and JAK2, involved in this pathway [16,23]. Finally, earlier studies identified an
association between IBD and specific HLA class I and II alleles [34,35]. However, it
remains to be further elucidated whether or not these polymorphisms are truly asso-
ciated with the disease as opposed to being neutral variants in linkage disequilibrium
with functional polymorphisms located in neighboring genes. 

Genetic Counseling in Crohn’s Disease

At the present time, genetic counseling is not a part of the standard multidisciplinary
evaluation of patients with CD. In fact, despite recent advances in the field of genet-
ics, the large amount of accumulated information about CD has had little or no role
in the differential diagnosis, therapeutic planning, and establishment of prognosis for
most affected individuals. However, genetic counseling could support the families of
patients with CD for a number of reasons, as summarized in Table 3.2.

According to the theory of multifactorial disorders, unaffected family members
of CD patients have a higher chance of developing IBD in their life compared to the
general population. This risk does not follow Mendelian laws but is calculated empir-
ically. In particular, the absolute risk of first-degree relatives (siblings, parents, and
children) is 3–10%, while the relative risk of siblings (sibling risk compared to the

Table 3.2 Possible indications for genetic counseling in inflammatory bowel disease

1. Consideration of molecular testing in affected individuals and unaffected relativesa

2. Co-operating with first-line caregivers in family planning

3. Interpretation of molecular tests performed elsewhere

4. Supporting patients in coping with chronic and heritable disorders

aThe setting for molecular test(s) in IBD is illustrated in Figure 3.2



risk in the general population) is 30–40 [9,68]. When both parents are affected, the
absolute risk for their children rises to 30–50% [9]. For higher-degree relatives, our
capacity of estimating risk is largely incomplete, as data on empirical risks are not
yet available. Since communicating these risks and the limits of this information
could be difficult in specific cases, the involvement of personnel with specific train-
ing in genetic counseling is desirable. Genetic counselors are trained in managing not
only risk calculation but also inter-individual variability in risk perception and the
spectrum of possible emotional responses by those seeking counseling. 

A further point that should be stressed in the setting of genetic counseling is pre-
vention. Although, at this time, the prevention strategies that would be effective in
individuals at increased risk of developing CD are unknown, most experts recom-
mend that cigarette smoking be avoided [69–72]. This information should be commu-
nicated to unaffected relatives together with information on empirical risks. Finally,
genetic counselors are able to support patients in coping with the fear of transmitting
a chronic and unpredictable disease to their children. In fact, sometimes, parental
concerns are exaggerated regarding their child’s health status. In these cases, the con-
sequences of parental overprotection could be of greater consequence than the rela-
tively small risk of the child developing the disease [73]. 

With the recent expansion of the molecular diagnosis of IBD, the number of
patients who request predictive testing is increasing. However, the currently available
assays are able to detect only the three most common NOD2 polymorphisms
(Arg702Trp, Gly908Arg, and 3020insC), while the number of potentially associated
genetic variants is much higher. Therefore, in any given individual, a negative result
cannot exclude the presence of other susceptibility markers that may equally influ-
ence the final individual risk. In addition, in predictive medicine, the clinical utility
of a genetic test primarily depends on effective access to appropriate interventions
[74]. Therefore, in the absence of a specific preventive strategy in CD, application of
NOD2 molecular screening is extremely limited. Thus, for now, NOD2 testing should
be performed only in affected subjects. Moreover, it is not indicated in unaffected
individuals when an affected relative has a negative screening test. However, in case
of a positive result in a CD patient, the same test could be considered in unaffected
relatives in order to modify (in terms of increase and decrease) their absolute risk of
developing IBD (Fig. 3.2). It should be emphasized that molecular screening for IBD
should always be discussed in the setting of genetic counseling, where its applica-
tions and limits can be properly discussed. 

Future Perspectives

Based on the enormous amount of accumulated data concerning the genetic basis of
CD, it has been estimated that a well-established association with this disease
accounts for only 20% of the genetic variance observed among patients [23].
Therefore, it is expected that, in the future, the number of associated loci will
increase dramatically. This, in turn, will allow better delineation of the genetic fac-
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tors underlying the pathogenesis of CD and, potentially, a patient’s prognosis. At the
present time, the applications of molecular testing for CD in the establishment of the
relative risk in unaffected relatives are limited. In the future, more stringent geno-
type-phenotype correlations between specific polymorphisms and distinct clinical
features could predict the course of disease shortly after the diagnosis is made.

The multiplication of molecular studies in CD will certainly increase our under-
standing of its pathogenesis, with possible relevant implications in identifying envi-
ronmental factors contributing to development of the disease. This information will
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Fig. 3.2 Flow-chart for mo-
lecular testing in inflamma-
tory bowel disease. *An in-
terpretation of molecular
test results is feasible in
first-degree relatives, for
whom absolute risks have
been estimated, while it is
less clear in second- and
third-degree relatives be-
cause the empirical risks are
still unknown



have a major impact on prevention and, possibly, therapeutic planning. In the last few
years, a growing field of research into complex diseases has been established.
Pharmacogenetics is the study of the association between variability in drug response
and drug toxicity and genetic polymorphisms, two aspects that are essential for indi-
vidualized therapy. Moreover, it enables the exclusion of any given patient deter-
mined to be susceptible to a drug’s more severe side effects and, conversely, the
selection of those drugs that may be better tolerated and more effective. Currently,
for CD, the most robust data are those available for thiopurine S-methyltransferase
(TPMT) polymorphisms and their influence on azathioprine and 6-mercaptopurine
treatment [75]. In particular, based on a combination of three intragenic polymor-
phisms it is possible to establish a specific risk percentage for hematopoietic toxici-
ty. A number of studies are now testing the effectiveness of searching for specific
polymorphisms in other genes in order to guide the use of many drugs, including
classic agents as well as the more recent immune-modulators and monoclonal anti-
bodies. However, with the exception of TPMT testing, none of these studies has yet
found application in clinical practice. 

In the future, it is expected that molecular testing in CD will help families and
caregivers not only in disease prevention in healthy subjects but also in a more pre-
cise evaluation of patient status, with accurate prognostic indicators and a wide
repertoire of tests for establishing individualized therapy. This novel approach will
certainly require a wider range of specialists, including molecular and clinical
geneticists as well as genetic counselors who will support first-line practitioners in
managing the daily problems of these patients. 
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Gastrointestinal histopathology represents approximately half of the current work-
flow in our laboratory, and six to ten of the reports signed out daily concern patients
studied for Crohn’s disease (CD). This chapter summarizes the role of the patholo-
gist in the management of patients with CD, starting from a glossary of the terms
used in the information exchange between the pathologist, radiologist, gastroenterol-
ogist, and surgeon. This multidisciplinary team approach is crucial for the correct
management of CD patients. The gastrointestinal tract has limited patterns of tissue
response to triggers of inflammation and the diagnosis therefore relies upon the var-
ious combinations of these patterns with the clinical picture. The study of endoscop-
ic specimens is based not only on a histopathological scheme but also on the pres-
entation of the patient, which is of equal importance. Due to the limits in the infor-
mation that can be extracted by studying the morphology of inflammation, molecu-
lar biology is expected to play an increasingly important role in providing the clini-
cian with insight into the disease process in a single CD patient and thus in allow-
ing the appropriate treatment strategy to be tailored accordingly.

A Practice-Based Glossary

Anal Cancer and Fistula

Patients with CD are at risk for anal cancer. A particular diagnostic difficulty is dis-
tinguishing between an adenocarcinoma in fistula and an adenocarcinoma present-
ing as a fistula. Biopsies taken from fistulas can show glands with minor atypias
compatible with a regenerating process. Therefore, in these instances, to achieve a
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final diagnosis of adenocarcinoma it is often necessary to obtain a more extensive in-
depth biopsy. Adenocarcinoma with minimal atypia has been described as low-grade
tubuloglandular adenocarcinoma [1] and is particularly frequent in patients with
inflammatory bowel disease (IBD). In our experience, vascular invasion was the
diagnostic difference between benign and malignant disease in one patient and deep
infiltration to the sphincter in another, because of the minimal amounts of atypia
observed on the initial biopsy. By contrast, minor diagnostic difficulties are encoun-
tered with squamous cell carcinoma. 

Architecture

Mucosal architecture plays a major role in the pathological interpretation of IBD.
Changes in architecture are the results of damage to the crypts, superficial epitheli-
um, and lamina propria. Moreover, the intestinal architecture may revert to normal in
IBD in remission or in a quiescent phase. Patients referred to qualified centers after
a first acute episode often have a normal histology at the second biopsy. It is there-
fore useful to review the slides prepared from biopsies taken during the first acute
episode. Asymptomatic patients may have abnormalities in mucosal architecture as a
result of major damage, leading to defective healing with crypt loss, branching, or
metaplastic changes of the Paneth cell or pseudopyloric type. These cases, marked by
alterations limited to the mucosal architecture without active inflammation, are often
referred to as unclassified IBD, with further definition depending on the modality of
inflammation during the active phase of disease. The appropriate timing of the biop-
sy is crucial in lesion detection. At disease onset, basal lymphoplasmacytosis in the
lamina propria occurs over a period of 2 weeks but is, in fact, better observed during
the third week.

Biases and Mimics

Patients treated with enemas (5-ASA, butyrate) were reported to have a statistically
higher percentage of normal biopsies (36%) per patient than patients in the corre-
sponding placebo-treated group (12%) [2]. In up to 60% of patients with ulcerative
colitis (UC), previously inflamed segments of colon convert to normal following
treatment with oral anti-inflammatory agents, such as sulfasalazine or steroids. Thus,
evaluation of disease “continuity” by mucosal biopsies is not useful to distinguish
UC from CD in previously treated IBD patients. Some patients develop a form of UC
characterized by complete endoscopic and histologic sparing of the transverse colon
in the presence of left-sided proctosigmoiditis in association with either cecal or
ascending colon inflammation. Patients with fulminant UC and extensive mucosal
ulceration may show CD-like histological features, such as relative or complete rec-
tal sparing, patchy ulceration, fissuring ulceration, and transmural lymphoid inflam-
mation. 

Several inflammatory disorders can mimic CD: segmental inflammation, granu-
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lomatous inflammation, ileal inflammation in UC before and after ileal pouch anal
anastomosis (IPAA), and aphthoid ulcers with skip interval mucosa as in ischemic
and NSAID colitis [2]. In addition, infections with Entamoeba histolytica,
Salmonella, and Yersinia, which typically cause a right-side-predominant or segmen-
tal colitis, may mimic CD endoscopically. Superimposed infections caused by
Clostridium difficile or cytomegalovirus should be considered in CD patients receiv-
ing steroids or immunosuppressive therapy, with unexpected recurrences, or with
refractory illness [3,4].

Dysplasia 

Patients with IBD are at risk of developing cancer of the small bowel in CD and col-
orectal cancer (CRC) in both UC and CD. The special risk for IBD patients is asso-
ciated with active, extended, and long-duration disease.

Dysplasia is an intraepithelial neoplasia with a low or high grade of atypia and a
flat, polypoid, or mass-forming (DALM) pattern of growth. Referral centers for IBD
gather cohorts of thousands of patients and must therefore distinguish between IBD
patients affected by a sporadic case of dysplasia and those with disease-driven dys-
plasia. IBD patients are treated either conservatively (polypectomy/mucosectomy) or
by colectomy, with the latter reserved for high-grade neoplasias, infiltrating adeno-
carcinomas, and low-grade dyplasia in multiple sites of the large bowel. The deci-
sion-making process is often clinically and pathologically driven in the first round
and follows clinician-patient discussions in the second round. In both cases, there are
failures of good judgment and appropriate choices.

The usual course of assessment for any new patient with IBD includes open dis-
cussion and repeated diagnostic procedures. Conservative treatments are undertaken
in patients with sporadic non-IBD exhibiting high-grade adenomas, intramucosal
adenocarcinomas, and multiple low-grade dysplasias. Even in patients with trans-
mural infiltrating carcinomas, a partial colectomy is usually performed.

Why perform colectomy in the IBD patient? The answer to this question requires
a basic understanding of the problem. After 20–30 years of pancolic and active dis-
ease, a considerable number of patients have cancer, consisting of high-grade and
low-grade dysplasia and flat or mass-forming lesions. The colectomy specimens of
these patients may well be a jumble of these features. Interestingly, up to one-fifth of
the colons removed for dyplasia can reveal an infiltrating adenocarcinoma missed at
endoscopy. In this setting, colectomy seems a good choice, as it treats the tumor and
the whole source of cancer risk excess.

What about the occurrence of dysplasia early in the disease history or in young
patients? What about focal dysplasia in an extensively studied and biopsied colon?
Recent data [5–6] reported a delay in the diagnosis of CRC in 17–28% of the patients
eligible for colonoscopic surveillance according to the guidelines of the American
and British Associations of Gastroenterology, which recommends an entry surveil-
lance time from the first diagnosis of 8–10 years for CD and UC pancolitis, and
15–20 years for left-sided colitis. Only 17% of the CRC cases were detected under
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surveillance; 41% because the patients were symptomatic, and 23% in non-surveil-
lance colonoscopies. In 13% of the cases, CRC was an incidental finding in procto-
colic resection for other causes, including refractory disease. As a consequence, a
well-known risk group of subjects already present at the time of CRC diagnosis with
lymph node (33%) or distant (18.7%) metastasis, and have a median age of 49 years
at the time of diagnosis. Surprisingly, the life span of IBD patients is not as affected
as their lifestyle, compared to the general population. 

These considerations suggest the following:
1. these patients merit the same preventive facilities aimed at the general popula-

tion, i.e., colonoscopy for prevention after age 45 in asymptomatic subjects;
2. the entry time of surveillance should be anticipated before a disease history of 8

years, possibly taking into account the duration of symptoms and not the time of
first diagnosis;

3. the interval between colonoscopies should be shorter than 3 years;
4. biopsies should be taken at 10-cm intervals, labeling each site in order to locate

the dysplasia; a total of 33 biopsy specimens are required to diagnose dysplasia
with 90% confidence [6]. 

Granulomas

Granulomas have been traditionally considered a feature of CD; however, the empha-
sis given to this pattern of inflammation may be misleading. The more the
histopathology is dominated by granulomas, the less reliable is the diagnosis of CD.
Granulomas are formed around broken crypts, whatever the cause, be it as a reaction
to the discharge of mucin deep in the intestinal wall or to penetrating intestinal lumi-
nal contents consequent to any fissuring process, including infection, UC, perfusion
disorders such as vasculitis or heart surgery, etc. Due to the local environment of CD,
infection is often if not always the second component of disease activity. Up to 80%
of the cases of active CD respond to antibiotic therapy [7].

Immunity

CD has been linked to autoimmunity and autoinflammation, considered as a contin-
uum rather than as separate entities [8]. The actual impact of the autoinflammation
concept on clinical practice is not yet clear, but the overlap between the patterns of
local intestinal expression of systemic disease and CD are noteworthy. Paradoxically,
autoimmune disorders, such as as Behçet disease and immunological deficiency,
along with common variable immunodeficiencies are characterized by an inflamma-
tory process in the gastrointestinal tract that closely mimics CD. Moreover, CD
patients who undergo radical native immune system suppression, as in bone marrow
transplantation for hematological disorders or for acquired HIV-driven immunosup-
pression, experience remission of their CD and/or long disease-free intervals. This
exceedingly complicated matter is mentioned here in order to point out that in CD
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patients undergoing surgery as the first treatment an underlying systemic disease
should be suspected, rather than simply classifying the disease in these patients as
“usual CD” on the basis of a surgical emergency for a terminal-ileum disease.

Slide Reviewing

In referral centers for IBD, slide reviewing for a second opinion is frequently
requested by gastroenterologists. The basic questions to the pathologist are: is it
IBD? Is the differential between CD and UC feasible?

Frequently, the approach to the patient changes following the pathologist’s opin-
ion. The diagnosis of IBD is affected by problems in inter-observer reproducibility
and by misunderstandings in communication. The most frequent source of the latter
is the term “inflammation,” regardless of whether it is qualified with the additional
terms “chronic,” “acute,” or “nonspecific.” If associated with symptoms of long
duration, the automatic translation into chronic colitis or ileitis is common. In addi-
tion, two major normal functions are erroneously interpreted as pathological find-
ings: inflammatory-cell trafficking inside the mucosa and reactive lymphoid hyper-
plasia in the lymphatic tissue (Peyer’s patches) of the ileum or involving lympho-
epithelial complexes in the large bowel. As in all equilibrium settings, the features of
both vary within the range of normal. Another bias comes from the general defini-
tion of chronic inflammation as a response sustained by lymphocytes and plasma
cells, and acute inflammation by granulocytes. In the chronic inflammatory process
of IBD, granulocytes are a constant component of disease activity. Lymphocytes and
plasma cells are normally present in the gastrointestinal tract mucosa and are
increased in number in acute inflammation.

Surgical Margins and Surgical Specimens

Occasionally, the pathologist is requested to evaluate the surgical margins in order to
limit the amount of intestinal resection. Frozen-section examination often leads to
over-treatment because inflammation restricted to the mucosal level is not associat-
ed with anastomotic failure or relapse. Ulcers in the surgical margins or transmural
inflammation, both of which are related to relapse, are better evaluated by the naked
eye. In the studied and classified patient undergoing surgery for complicated unre-
sponsive CD, the surgical specimen report outlines lesions related to stenosis, such
as fibromuscular obliteration of the submucosa, or substitution of the tunica propria.
Several attempts have been made to identify unequivocal histological markers pre-
dicting recurrence in the surgical intestinal specimens of CD patients [9,10]. In two
different series, at the Leuven and St. Mark’s hospitals, myenteric plexitis at the
proximal resection margin was statistically associated with recurrence and second
surgery. 
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The Biopsy-Based Histopathology of Crohn’s Disease:
A Stepwise Approach

While CD can affect different segments of the gastrointestinal tract, the microscopic
features are similar at all sites. The diagnosis of CD is based on the presence of aph-
thoid ulcers, fissural ulcers, sinus tracts, granulomas, transmural lymphoid hyperpla-
sia, fibromuscular obliterations, and vascular and neural changes. However, the
majority of these findings cannot be detected on endoscopic biopsy samples.
Furthermore, the mucosal lesions can be very mild. CD may demonstrate wide over-
lap with UC on mucosal biopsy examination. In addition, several types of chronic
colitis may mimic the features of UC and CD. The analysis of multiple biopsies
allows a correct diagnosis of IBD in 66–75% of newly diagnosed patients. Additional
endoscopic and clinical data allow a final diagnosis in more than 90%. In practice,
the first step in evaluating mucosal biopsies is to establish a diagnosis of colitis
based on the presence of epithelial damage and inflammation. Subsequently, a possi-
ble etiology should be included in order to differentiate between IBD and other types
of chronic colitis. The last step is to solve the differential diagnosis between CD and
UC, which can be done by the location of the disease, the distribution of the lesions,
and the presence of ileal lesions [11,12]. The diagnosis of IBD on endoscopic biop-
sies relies therefore on the detection of reproducible microscopic criteria that consist
of changes in the architecture, a cellular inflammatory response, and epithelial cell
alterations. 

Abnormalities of the mucosal architecture include an irregular/pseudovillous
mucosal surface, architectural distortion of the crypts (non-parallel, variable diame-
ter, or cystically dilated), crypt branching and shortening, and decreased crypt den-
sity. Crypt distortion in the colon, one of the major features in the diagnosis of IBD,
is usually not present in the early phase and generally takes two months to develop.
The architectural alterations may be focal, discontinuous, or diffuse. The cellularity
of the lamina propria changes in intensity, composition, and distribution pattern and
may be diffuse or discontinuous (focal/patchy). In the diffuse pattern there is an
increase in cellularity throughout the lamina propria, with basal plasmacytosis. The
latter occurs in 38% of patients within two weeks following the onset of colitis and
has a high predictive diagnostic value. Patchy inflammation is diagnosed when the
mucosal background shows inflammation of varying intensity, while focal inflamma-
tion is defined as a small collection of inflammatory cells in an otherwise normal
mucosa [13]. Sarcoid-type granulomas are traditionally considered the hallmark of
CD, even if present in only 50% of the cases of small-bowel CD. In rectal biopsies of
patients with CD, the overall incidence of granulomas is >20%. They are more com-
mon in young patients (42%) with short disease duration. Infectious diseases such as
tuberculosis and yersiniosis should be considered when granulomas are seen.
Pericryptal granulomatous inflammation is not a specific feature of CD and also can
be seen in UC. A well-formed single granuloma, non-necrotizing, basally oriented,
and unrelated to ruptured crypts is highly suggestive of CD and remains one of the
most useful markers of the disease [14]. Epithelial alterations, including mucin
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depletion, Paneth cell metaplasia, and flattening of the superficial epithelial cells, are
indicative of damage and the ensuing repair process. Disease activity in IBD is usu-
ally assessed based on infiltration by polymorphonuclear neutrophils of the surface
epithelium, crypt epithelium (cryptitis), or crypt lumina (crypt abscesses). Crypt
destruction, erosions, and ulcerations are other markers of disease activity. 

The presence of ileal lesions is one of the major features discriminating between
CD and UC. In chronic ileitis, structural changes consist of abnormalities in villi
shape and size (blunting, enlargement, broadening at the top, atrophy, or diffuse
shortening) and in the crypts, which can become branching, shortened, atrophic or
lost, and arranged in groups. The epithelial lining can be normal or show increased
mucin production. Changes in the crypt epithelium include ulcer-associated cell lin-
eage (pseudopyloric gland metaplasia) and an increase in the number of Paneth cells
displaced higher up in the crypts [15]. Aphthoid erosion is defined as a mucosal ero-
sion occurring over lymphoid aggregates such as Peyer’s patches; it is present in >
50% of CD patients but it is not specific. 

Features that favor a diagnosis of CD are chronic active inflammatory changes in
the terminal ileum, less severe disease in the distal than in the proximal colon, aph-
thoid ulcers, epithelioid granulomas unassociated with crypt rupture, segmental
architectural changes with patchy inflammation and focal cryptitis in the colonic
mucosa, involvement of the upper gastrointestinal tract, and the presence of normal
and inflamed samples from the same areas (skip areas). In 10–20% of all CD
patients, the disease involves the colorectal mucosa with a diffuse pattern of inflam-
mation without skip lesions and closely mimicking the endoscopic and biopsy fea-
tures of UC [2–16]. 

A variety of circumstances can modify the usual histological patterns such that
the separation of CD and UC becomes very difficult. Rectal sparing and patchy
inflammation associated with focal minimal architectural alterations have been doc-
umented in biopsies from children presenting with new-onset UC, in adult patients
under treatment, in patients with primary sclerosing cholangitis and IBD, and in
patients presenting with severe fulminant disease. Therefore, in these conditions, the
diagnosis of IBD unclassified (IBDU) has been proposed [11]. 

Molecular Mechanisms of Crohn’s Disease

Main Molecular Mechanisms

It is well known that CD results from a dysregulated interaction between the three
basic components of the host response to the intestinal microbiota: the intestinal
epithelium, innate immunity, and the adaptive immune response. A thorough under-
standing of the basic molecular mechanisms that govern these interactions is of para-
mount importance to identify novel molecular targets that enrich the clinician’s ther-
apeutic armamentarium. The intestinal epithelium represents a solid and very selec-
tive barrier that, due to an individual’s genetic predisposition and chronic exposure to
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yet unidentified intraluminal antigens of bacterial origin, can eventually fail. The
result is abnormal intestinal permeability, activation of the innate immune system, and
intestinal inflammation. To understand the molecular mechanisms associated with this
very complex pathological interaction, we need to become familiar with the diverse
molecular players involved in the process. The identification of nucleotide-binding
oligomerization domain-2 (NOD2) as a CD susceptibility gene has provided important
clues into the dysregulated host immune response to luminal bacteria. The NOD2 pro-
tein functions as an intracellular receptor that plays a role in the immune response by
recognizing muramyl dipeptide derived from bacterial lipopolysaccharides. In addi-
tion, NOD2 is expressed in intestinal epithelial cells, Paneth cells, macrophages, and
dendritic cells (DC) and is thought to control the expression of specific antimicrobial
agents known as defensins. Adaptive immunity relies on resident mucosal B cells that
produce immunoglobulins and a mixture of T cells, predominantly represented by T-
helper (Th) cells with a 1, 2, or 17 phenotype. The Th-1 lineage is induced by the
expression of interleukin (IL)-12p40 and interferon (IFN)-γ and in turns activates the
production of IL-1, IL-6 and TNF-α, while, the more recently discovered Th-17 phe-
notype is controlled by TGF-β, IL-6, and IL-23. Additional players have been identi-
fied that are involved in the process of leukocyte migration to sites of inflammation,
most notably, integrins, cell adhesion molecules, matrix metalloproteinases (MMPs)
and tissue inhibitors of MMPs (TIMPs). The identification of specific key molecules
involved in the pathogenesis of CD has led to the development of novel biological
therapies aimed at blocking their function as well as a great deal of new drug thera-
pies that include cytokine and anti-cytokine therapies (anti-TNF drugs) and anti-adhe-
sion molecules to block T-cell recruitment [17].

Molecular Mechanisms “Under the Microscope”

The pathologist relies extensively on immunohistochemistry (IHC) in studying how,
when, and where a protein is expressed in a pathological tissue. Despite the great
advances in IHC technology that have been exploited in other fields of study, such as
oncology, very little has been done, until recently, with respect to the in situ molecu-
lar characterization of IBD, which, instead, mostly still relies on classic histopatholog-
ical parameters. In the last 2–3 years, however, we have witnessed a rapidly growing
interest in the immunohistochemical approach to IBD. Therefore, in the following, we
report several important examples of solid initial and novel contributions to the field. 

Patients with CD show a decrease in the production of defensins, probably lead-
ing to ineffective microbial elimination. Several studies have proposed a role in NOD2
regulation of the α-defensins production by the inflamed mucosa. Three recent inde-
pendent studies have identified TCF-4, a Wnt signaling pathway transcription factor,
in patients with ileal CD; specifically, that in Paneth cells there is a parallel decrease
in mRNA expression of TCF-4 and human defensins 5 and 6 (HD-5 and HD-6). This
phenomenon was linked to a specific single nucleotide polymorphism (rs 3814570) in
the TCF-4 gene. In addition, a comparison between HD-5 immunohistochemical stain-
ing in serial biopsies from patients with either NOD-2 wild-type or NOD-2 mutant
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proteins demonstrated that HD-5 reduction was independent of NOD2 status [18].
Animal studies have shown mucosal immune regulation by DC located in the subep-
ithelial dome. Cells positive for the DC marker DC-sign(+) in Crohn’s tissue were
found to express toll-like receptor 4 and TNF-α, suggesting that DC cells are impor-
tant for the onset and perpetuation of mucosal inflammation in CD [19]. Chronic
inflammation also affects the local neuronal plexuses of the enteric nervous system.
Plasminogen activator inhibitor-1(PAI-1) and urokinase receptor (uPAR) have been
linked to nerve regeneration. In a study of 28 patients with CD and 17 patients with
chronic UC, PAI-1 was found in a subset of neurons primarely located in the submu-
cosal plexus of the small and large intestine in 24 of 28 the CD patients but in none
of the 17 with UC. In addition, PAI-1 expression was restricted to the perikarya of
neurons while the nerves were negative. The data imply that PAI-1 is a potential mark-
er to discriminate CD from UC [20]. The balance between ileal T-effector cells vs. T-
regulatory cells was studied in active and inactive CD, using RT-PCR and IHC with a
large panel of antibodies to several cytokines. The numbers of cells positive for IL-4,
IL-17, and IL-23 in the lamina propria were higher in patients with CD, both active
and inactive, than in controls. In addition, Il-23 mRNA expression was increased in
active vs. inactive disease. These findings indicate that activation of the IL-23/IL-17
axis is strictly connected to the etiology of CD [21].

IHC can also be helpful to study the therapeutic effect of novel drugs adopted for
the pharmacological treatment of CD. The CD40/CD40L pathway is important in dis-
ease pathogenesis. In the intestine, CD40 is overexpressed in the microvasculature
and CD40L in platelets and T cells. Mucosal biopsies from 18 patients with CD were
evaluated before and after infliximab therapy. Infliximab treatment was found to
abolish CD40 and VCAM-1 expression in mucosal microvessels. Moreover, in the
same study, in vitro evaluation of infliximab therapy in human intestinal microvascu-
lar endothelial cells (HIMEC) demonstrated that this biological agent was able to
prevent TNF-α-induced CD40 and VCAM-1 expression by HIMEC and to decrease
T-cell-induced VCAM-1 expression in HIMEC by down-regulating CD40L in T cells
and promoting T-cell apoptosis. A novel mechanism of action of infliximab, imply-
ing the disruption of CD40/CD40L-dependent cognate interaction between intestinal
microvessels and T cells, was therefore discovered [22].

An absolutely novel and exciting highway of research has been opened by the dis-
covery of microRNAs, which are single-stranded RNA molecules partially comple-
mentary to one or more mRNAs. The main function of microRNAs is to down-regu-
late gene expression with a tissue-specific pattern. Their role in the different patholo-
gies is intriguing because they can be used as diagnostic markers of disease and to
monitor disease progression. Furthermore, they are appealing molecular targets for
novel therapeutic strategies. From the pathologist’s point of view, microRNAs can be
studied by in situ hybridization analysis. In a recent work, differential expression of
11 microRNAs was identified in tissue biopsies from patients with active UC. In situ
hybridization analysis indicated that miR-192, whose expression in active UC was
decreased, was mainly localized to colonic epithelial cells. Furthermore, macrophage
inflammatory peptide (MIP)-2α, a chemokine expressed by epithelial cells, was
identified as a target of miR-192 [23]. As far as CD is concerned, to the best of our
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knowledge, no results on miRNAs have yet been published, but we can certainly fore-
see that the excitement for this new field of research will shortly produce important
clues to new diagnostic and therapeutic approaches in the management of CD.
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Crohn’s disease (CD) involves the entire alimentary tract, starting from the mouth,
and is characterized by focal exacerbations, with intermittent activity throughout the
patient’s life. The initial manifestations are often insidious and vague. Systemic
symptoms include unexplained fever, weight loss, and extraintestinal symptoms such
as arthralgias and perianal abscess. The retrospective description of this initial dis-
ease course may be difficult and ill-defined, especially in the presence of intestinal
symptoms that are rather nonspecific. Delays by the patient in seeking medical help
and by the physician to identify the disease contribute to the long interval from onset
to diagnosis, which tends to become even longer in patients with mild symptoms.
More recently, however, owing to an improved awareness of the disease, this time
interval has decreased.

The disease can be localized throughout the gastrointestinal system and histolog-
ical features of inflammation can be evident in endoscopically uninvolved areas.
Nonetheless, the large majority of new cases of grossly detectable CD are located in
three sites: the small intestine only, the colon only, and in both the small and the
large bowel. The presenting clinical features depend on the anatomical location, the
extent of the disease, the occurrence of complications, and extraintestinal involve-
ment, which, taken together, make CD a heterogeneous disease with extreme vari-
ability in its clinical features. These may be further explained, at least in part, by
patients’ different genetic backgrounds.

Clinical Symptoms 

Symptoms of CD commonly include diarrhea for more than 6 weeks, abdominal
pain, and/or weight loss (Fig. 5.1). Chronic diarrhea, defined as a decrease in fecal
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consistency for more than 6 weeks, and abdominal pain are present in more than 70%
of all patients at diagnosis; blood and/or mucus in the stool may be seen in up to 50%
of patients, and perianal lesions in 10% at the time of diagnosis [1]. Articular
involvement is the most common extraintestinal manifestation of CD and may pre-
cede intestinal symptoms by months or years [2]. 

Although present at all localizations, a significant correlation has been found
between ileal disease and abdominal pain, and between diarrhea or bloody stools and
colonic disease. The risk of developing Crohn’s perianal fistulas increases when the
disease involves the distal bowel; only 12% of patients with isolated ileal disease
develop perianal fistulas compared with 92% of patients with rectal involvement [3].
Hypoproteinemia due to intestinal protein loss, clubbing, and occult blood loss with
anemia is frequent in Crohn’s jejunoileitis [4]. Dysphagia, vomiting, and epigastric
pain, related to upper gastrointestinal lesions, are less typical presentations and rep-
resent rare initial manifestations of the disease. The occurrence of systemic symp-
toms, such as malaise, anorexia, weight loss, and fever, are common and independ-
ent of disease location.

Anatomical Location

The single most affected segment is the terminal ileum, which is clinically inflamed
in two-thirds of patients with CD. However, detailed knowledge about initial disease
location is limited by the fact that most of the data originate from retrospective stud-
ies using different methodologies to define disease involvement (i.e., aphthous lesion
or ulcer excluding erythema and edema) and by the lack of information regarding the
condition of the entire gastrointestinal tract at the time of diagnosis. These limita-
tions and the diverse definition of disease location account for the variability of the

Fig. 5.1 Frequency of clini-
cal symptoms: data from
population-based studies.
(From [27,32])



disease location frequency reported by different studies. In an attempt to define the
different localizations of CD, in 1998, at the World Gastroenterology meeting in
Vienna, a clinical classification based on four distinct locations was proposed: 
• Terminal ileum, with or without spillover into the cecum
• Colon, any colonic location between cecum and rectum
• Ileocolon, disease of the terminal ileum and any location of the colon
• Upper gastrointestinal tract, any location proximal to the terminal ileum irrespec-

tive of the other locations of the disease
The distribution of patients at diagnosis within each of these categories of disease

location is shown in Table 5.1; the data derive from population-based studies follow-
ing the Vienna classification. 
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Only a minority of patients has involvement of the duodenum or jejunum, mainly
associated with ileitis, and only a very small number of patients have isolated jejunal
disease. The evolution of endoscopy, e.g., single- and double-balloon enteroscopy and
capsule endoscopy, as well as the development of routine endoscopy in recent years,
has revealed a higher frequency of CD in the upper gastrointestinal tract (5–7%)
[5,6]. Approximately 1–4% of patients suffer from atypical manifestations, with oral
lesions, pharyngeal and esophageal disease, and gastric involvement, which seldom
occur without additional involvement of the ileum and/or of the large bowel. The
location of the disease remain relatively stable over its course; while the proportion
of patients with a change in disease location becomes significant after 5 years, over
10 years only 16% of patients typically experience a change in location [5].

Behavior of the Disease

The chronic transmural inflammatory process of CD may lead to stricture of the
intestinal lumen by the formation of fibrosis within the bowel wall and to penetra-
tion throughout the bowel wall, with fistulae connecting to the skin or to nearby
organs. This behavior of CD is defined as stricturing or penetrating. 

Table 5.1 Localization of Crohn’s disease at diagnosis in population-based studies 

Terminal ileum (%) Colon (%) Ileocolon (%) Upper GI (%)

Vind et al 2006 [6]
>18 years 32 39 22 7

<18 years 17 17 41 25

Louis et al 2003 [7] 45 28 22 5

Louis et al 2001 [5] 38 22 33 6

Witte et al 2000 [33] 29 38 31 ?

Tarrant et al 2008 [12] 32 49 19 0.6



The behavior of CD varies throughout its course; over 10 years, nearly 50% of
patients have a change in disease behavior [5]. The majority of patients start with
non-stricturing and non-penetrating disease at diagnosis, but after 25 years the
majority progress to either a stricturing or a penetrating pattern. The development of
a stricturing or penetrating behavior probably represents a multifactorial phenome-
non, involving environmental and genetic factors. Environmental factors include dis-
ease treatments [7] and smoking [8–10]; the latter has been associated with more
aggressive disease and with perianal penetrating disease. Genetic factors seem to
influence the speed at which a penetrating or stricturing behavior develops rather
than the ultimate behavior of the disease. The behavior of CD is clinically relevant
and is associated with the development of complications and the need for surgery.
The association between disease location and behavior and the potential influence of
disease location on disease behavior evolution have been studied. A positive associ-
ation was found between isolated small bowel location and stricturing disease, and
between colonic disease and penetrating behavior [5,11]. This association was pres-
ent at diagnosis and was more prominent after 10 years.

Recently, perianal disease was found to be associated with an increased likeli-
hood and rate of progression to more complicated CD [12].

Extraintestinal Manifestations

CD is associated with a variety of systemic manifestations that influence its course,
the therapeutic response, and the patient’s quality of life. The reported frequency of
extraintestinal manifestations (EIMs) varies from 16 up to 25% [13,14]. Several fac-
tors may be responsible for extraintestinal organ involvement in CD and it can be dif-
ficult to distinguish true EIMs from extraintestinal complications due to bowel dys-
function or to treatment side effects. While some EIMs, e.g., those associated with
autoimmune dysregulation, may not correlate with disease activity, they generally fol-
low the clinical course of the intestinal disease (Table 5.2) [15]. The identified patho-
genetic autoimmune mechanisms include genetic susceptibility, antigenic display of
autoantigen, aberrant self-recognition, and immunopathogenic autoantibodies against
organ-specific cellular antigens shared by the colon and extracolonic organs [16].
Shared epitopes between bacterial and viral proteins and host self-antigens could ini-
tiate an autoimmune response that continuous after the initial antigenic signal remits.
Several autoimmune phenomena are identifiable in CD and include antibodies to joint
constituents (anti-collagen antibodies) and organ-based tissues (anti-pancreatic anti-
bodies) [17]. It has been suggested that self-antigens located at different sites can
evoke an autoimmune response; a 40-kDa protein resembling tropomyosin or its iso-
form and located on the surface of colonic epithelial cells, as well as on the ciliary
body of the eye, joint chondrocytes, and bile duct epithelial cells has been identified.
Some HLA haplotypes (HLA B27, A2, DR1, and DQW5) are more commonly asso-
ciated with the development of EIMs but a rich intestinal bacterial flora is required for
the full expression of EIMs in patients with colonic inflammatory bowel disease [15].
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An increase in endothelial cell permeability in the inflamed intestine and the expres-
sion of specific adhesion molecules permit bi-directional movement of cytokines,
bacterial proteins, and inflammatory cells. A key to the full development of other
EIMS may be the change in the migration path for homing lymphocytes. In inflamma-
tory bowel disease, lymphocytes circulate to sites as far from the intestine as the
peripheral joints and the eyes. These sites lose their normal immunological tolerance
and, behaving as anomalous lymphoid organs, develop an inflammatory response clin-
ically recognized as an extraintestinal complication [17].

Clinical Course

Inflammatory CD is a naturally remittent and recurring disease. The different dis-
ease patterns include chronically active disease, chronic intermittent disease with
remission periods longer than 1 month without steroids, and disease with remission
periods over many years without the need for steroids. Although the individual
courses are unpredictable, statistical analyses in cohorts of patients have provided
some information about the long-term course of CD. A study of disease activity car-
ried out in Copenhagen County reported that in the first year after diagnosis 80% of
patients had high disease activity, 15% had low activity, and 5% were in remission.
Over the first 7 years, 20% of patients had active disease every year, 13% had a
relapse-free course, and 67% had disease that fluctuated between relapse and remis-
sion [18]. A subsequent study from Olmsted County reported that over time a
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Table 5.2 Extraintestinal manifestations (EIMs) of Crohn’s disease 

EIMs associated with disease activity EIMs not associated with disease activity

Muscoloskeletal Muscoloskeletal
Arthritis Sacroileitis
Peripheral arthropathies Ankylosing spondylitis

Dermatologic Dermatologic
Erythema nodosum Pyoderma gangrenosum
Apthous stomatitis

Ocular Ocular
Scleritis Uveitis
Episcleritis

Hepatobiliary disease
Primary sclerosing cholangitis

Vascular
Thromboembolic events

Renal
Nephrolithiasis



decreasing proportion of patients were in clinical remission, while an increasing
proportion were in a post-surgical remission state. The proportions of patients with
mild disease (12%) severe (drug-responsive, drug-dependent, or drug-refractory)
disease (7%) were relatively constant [19]. Conventional corticosteroids were
required by 43–56% of CD patients at some point in their disease history, and
roughly 10% required corticosteroids in any given year [20,21]. In addition,
57–60% of all CD patients require at least one surgical resection [20]. The reported
cumulative probability of surgery 10 and 15 years after the diagnosis of CD is
43–70% [21]. Patients with colonic disease that includes rectal involvement have a
similar cumulative probability of surgery: half will undergo surgical resection with-
in the first 10 years and slightly more than half of those will ultimately receive an
ileostomy [22]. Data from endoscopic follow-up of patients after resection of ileo-
cecal disease have shown that, in the absence of treatment, the postoperative recur-
rence rate is 65–90% within 1 year and 80–100% within 3 years of surgery [23].
Clinical recurrence without therapy is seen in 20–25% per year [23]. The postoper-
ative clinical course of CD is best predicted by the severity of the endoscopically
detected lesions. Typically, symptoms appear only when severe lesions are present,
although it is not uncommon to see patients with advanced recurrent lesions at
endoscopy who remain asymptomatic [24].

Survival

Long-term follow up studies of population-based cohorts of patients have shown a
slight increase in the mortality rate of patients with CD late in the disease course, with
an overall standardized mortality ratio (SMR) of 1.3–1.5 [25,26]. An unexpectedly
high mortality among women with CD was reported, being most pronounced among
women younger than 50 years at diagnosis [25,27]; more than one-third of the deaths
among women seemed to be connected to CD vs. 20% of the deaths among men. A
large Italian population-based series comprising patients with inflammatory bowel dis-
ease found a four-fold increase in mortality risk for lung cancer in CD patients [28].

Complications

Fistulation and abscess formation: Long-standing inflammation may lead to local pen-
etration. With transmural involvement of the bowel, inflammation of the serosal surface
incites an inflammatory exudate that attaches the bowel to adjacent structures, such as
other bowel loops, muscle, or extraintestinal structures such as the bladder or vagina.
Advancement of the fissure into these other structures creates a fistula, with an even-
tually associated abscess. Fistulizing CD at diagnosis has been reported in 14–20% of
patients [1,29]; the most frequent fistula sites [1] are perianal (54%), enteroenteric
(24%), rectovaginal (9%), enterocutaneous (6%), and enterovesicular (3%).
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Cancer: As in ulcerative colitis, CD carries an increased risk of colorectal and
small bowel cancers. Estimates of the magnitude of these risks have been derived from
referral-based and population-based studies, but they have varied. Regional differ-
ences measured at different centers and populations around the world have been noted.

The reasons for the variation in risk assessment have been proposed to be related
to study design, population characteristics, and the different types of therapy. A recent
meta-analysis of intestinal cancer risk in CD, according to population-based studies
only, revealed an overall increased risk of colorectal and small bowel cancers among
patients with CD, with an overall standardized incidence ratio (SIR) for colorectal can-
cer of 1.9 (95% CI 1.4–2.5) and an overall pooled standardized incidence of small
bowel cancer of 27.1 (95% CI 14.9–49.2) [30,31].

Different Patterns of Crohn’s Disease: Clinical Disease Classification 

Crohn’s disease is a multifactorial polygenic disease with probable genetic hetero-
geneity. Several disease phenotypes that may be genetically determined have been
suggested. Classifications based on disease behavior have been proposed in an
attempt to provide information to patients regarding prognosis as well as to assist in
decision-making for treatment strategies and in identifying the causes of CD. The
most widely used classification systems are reported in Table 5.3.
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Table 5.3 Proposed classification of patient subgroups in Crohn’s disease 

Rome 1991 Vienna 1998 Montreal 2003

Age at A1 <40 years A1 <16 years
diagnosis A2 >40 years A2 16–40 years

A3 >40 years

Location 1. Stomach/duodenum L1 Terminal ileum L1 Terminal ileum 
2. Jejunum L2 Colon L2 Colon
3. Ileum L3 Ileocolon L3 Ileocolon
4. Colon L4 Upper gastrointestinal L4 Upper gastrointestinal
5. Rectum
6. Anal-perianal

Extent Localized (<100 cm)
Diffuse

Behavior B1 Non-stricturing/ B1 Non-stricturing/
non-penetrating non-penetrating
B2 Stricturing B2 Stricturing
B3 Penetrating B3 Penetrating

P Perianal disease

Operative Primary
history Recurrent
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Over the past few decades, endoscopy has become an essential tool for the gastroen-
terologist treating patients with Crohn’s disease (CD). Indications for endoscopy in
CD patients include a correct diagnosis (both endoscopic and histological), assess-
ment of disease localization and activity, diagnosis of postoperative recurrence,
evaluation of perianal disease, dilation of strictures, and surveillance in patients with
long-standing colonic disease.

Diagnosis

Colonoscopy with intubation of the terminal ileum should be always performed dur-
ing the initial evaluation of patients with clinical symptoms suggestive of inflamma-
tory bowel disease, because it allows direct visualization and biopsy of the mucosa
and is useful to distinguish CD from ulcerative colitis (UC) and to rule out other caus-
es of colitis, such as bacterial infections, ischemia, non-steroidal anti-inflammatory
drug (NSAID) use, or mucosal changes due to bowel-cleansing preparations [1,2].

In order to differentiate CD from UC patients, it is very important to perform
index endoscopy before therapy is started, because treatment might obscure discrim-
inating features useful for a correct diagnosis, such as segmental colitis or rectal
sparing [3,4]. Even if some endoscopic features (aphthous ulcers, serpiginous ulcers,
and cobble-stoning of the mucosa; Fig. 6.1a–c) are suggestive for CD, none of them
is specific. The most useful endoscopic features used to differentiate CD from UC
are segmental involvement of the colon, rectal sparing, involvement of the distal
ileum, and perianal disease. The findings of mild inflammatory mucosal lesions
around the periappendiceal orifice in the setting of UC with an otherwise normal
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right colon should not be confused with CD [5,6].
As reported in prospective studies, the experienced endoscopist is able to endo-

scopically distinguish CD from UC in about 90% of patients. In the 10% of patients
in whom endoscopic features are specific for neither CD nor UC, the diagnosis of
indeterminate colitis should be made [7,8]. 

Biopsies taken during endoscopy are important for distinguishing CD, UC, and
other less frequent forms of chronic colitis, such as lymphocytic or collagenous coli-
tis. Unluckily, although the histological criteria for distinguishing different forms of
inflammatory bowel disease are well-established, there is important interobserver
variability (65–76%) [9], and a final diagnosis should never be made based on
histopathologic examination alone, but always also on clinical, radiological, and endo-
scopic criteria. During the course of the disease, new peculiarities may arise that allow
a more definite diagnosis. 

Endoscopic evaluation of the upper gastrointestinal tract may be important either
for adequate assessment of disease localization, which can be useful for a correct ther-
apy, or in the diagnosis of CD in a patient with indeterminate colitis [10]. Upper gas-
trointestinal tract involvement (proximal to the ligament of Treitz) occurs in up to
13% of patients with CD [8] and may include the esophagus [11], stomach, and duo-
denum [12]. It can be detected with a simple esophagogastroduodenoscopy (EGD).

It is interesting to note that granulomas (40–60%) are more often detected in duo-
denal biopsy specimens than in colon biopsy specimens [13,14]. Upper gastrointesti-
nal lesions distal to the ligament of Treitz can be endoscopically visualized with wire-
less capsule endoscopy (WCE) and/or enteroscopy. The former technology allows for
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Fig. 6.1 Endoscopic aspects of a Crohn’s lesion: (a) aphthous
ulcer, (b) serpiginous ulcer (c) cobblestoning of the mucosa
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b
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direct visualization of the small bowel. The capsule is a small camera, about the size
of a vitamin pill, that takes two pictures per second as it traverses the gastrointestinal
tract. It is easily swallowed and transmits the images for 8 h to a recording device allo-
cated around the abdomen. The images are downloaded to a computer and then
reviewed by a gastroenterologist. The more frequent lesions visualized with WCE
include mucous erosions, aphthae, lineal and serpiginous mucous lesions, ulcers, and
fissures, but obviously these lesions are not specific for CD and it is possible to
encounter them in patients taking NSAIDs and even in healthy subjects. A meta-analy-
sis compared WCE with small bowel barium radiography: the yield of WCE was 64%
vs. 24% for radiography, with an increasing yield of 40% and a number needed to treat
(NNT) of 3 [15]. Four trials compared WCE to ileo-colonoscopy: WCE had a 61%
yield compared to 46% for ileo-colonoscopy, with an increasing yield of 15% and a
NNT of 7. Three studies compared WCE with CT enterography or enteroclysis: WCE
had a 69% yield vs. 30% for CT scan, with an increasing yield of 39%. These results
show an improvement in yield with WCE over all other modalities when used to eval-
uate small bowel involvement in patients with established CD, but there is only a trend
toward significance in patients with suspected small bowel CD [15].

In CD studies, WCE-related adverse events occurred on average in 2% of patients,
due to capsule battery expiration or capsule retention. Since 10% of CD patients suf-
fer from intestinal strictures, they are not eligible for WCE. However, CD patients can
be pre-tested for small bowel patency using a dissolving capsule: patients in whom the
capsule is excreted intact and who do not experience any adverse event can be safely
examined with standard WCE [16]. 

WCE is considered a less invasive, painfulness procedure that is well tolerated and
accepted by patients; however, to date standardized criteria for the diagnosis of CD
with WCE are still lacking. Therefore, instead, a push and pull enteroscopy (single or
double balloon) is needed to provide pathologic confirmation of visualized lesions.
Once the diagnosis of CD is made, the indications to perform repeat endoscopy apply
only to particular aspects of the disease. In CD, the gold standard to monitor the pres-
ence of disease activity is the Crohn’s disease activity index (CDAI), a clinical score
that does not include endoscopic assessment. Accordingly, repeat colonoscopies have
not been advocated to control therapeutic efficacy because most of the drugs pre-
scribed to induce clinical remission are not useful in inducing mucosal healing.

There is recent evidence that with immunosuppression and infliximab treatment
healing of the bowel can be achieved and that this affects the outcome of CD in terms
of a decreased risk for disease-related procedures and hospital admissions [17]. For
this reason, endoscopic assessment of mucosal healing may come to represent an
independent therapeutic aim in evaluating new medical therapies for CD.

Diagnosis of Postoperative Recurrence

Recurrence after surgery is one of the main problems of patients with CD. In a major-
ity of patients, disease recurs within the first year after surgery [18]. This recurrence
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is often limited to the ileocolic anastomosis, with aphthous or linear ulcers extend-
ing only a few centimeters into the adjacent colon wall and neoterminal ileum. The
severity of the endoscopic recurrence is graded using the Rutgeerts score (Table 6.1).
It seems that an earlier and more severe endoscopically confirmed recurrence after
surgery predicts a worse clinical course of the disease, suggesting the need for a
more aggressive therapeutic approach. 

Ileo-colonoscopy is considered the gold standard in detecting post-surgical recur-
rence, with a sensitivity of 90% and a specificity of 100%. WCE was proposed as an
alternative tool for the diagnosis of recurrence but its sensitivity is low, 50–79%, with
a specificity of 90%. Some studies showed that there is an underestimation of the
Rutgeerts score in lesions detected by WCE compared with those identified by

ileoscopy. In the absence of ileal recurrence, no proximal lesion was detected at WCE.
In contrast, WCE could be useful in patients with established ileal recurrences because
50% of them have concurrent lesions in the proximal ileum or in the jejunum [19].

A. Andreoli et al.56

6

Perianal Disease

During the last 10 years, the combination of endoscopy with ultrasound (EUS) has
been shown to be a useful tool in the evaluation of colorectal, anal, and pelvic dis-
orders, due to the high resolution of this technique, with its clearly distinguishable
tissue-dependent echo signals.

To date, the role of EUS in inflammatory disease is limited to evaluating perianal
disease in CD patients and the perirectal complications of CD. Some authors com-
pared EUS, MRI, and examination under anesthesia (EUA) in patients with suspect-
ed Crohn’s perianal fistulas. The accuracy of the three modalities for determining
fistula anatomy in patients with perianal CD was comparable: EUS 91% (CI
75–98%), MRI 87% (CI 69–96%), and EUA 91% (CI 75–98%) [20].

A further study assessed whether the use of EUS as a guide to combination med-
ical and surgical therapy during fistula healing led to a higher rate of resolution. The

Table 6.1 Endoscopic scoring system for postoperative recurrence (Rutgeert’s score)

Grade Endoscopic findings

0 No lesions in the distal ileum

1 <5 aphthous lesions

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

3 Diffuse aphthous ileitis with diffusely inflamed mucosa

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



conclusion of this report was that EUS may identify a subset of patients who can dis-
continue infliximab without recurrence of fistula drainage [21]. EUS allows the dif-
ferentiation of simple from complex fistulae and evaluation of the fistula tracts in
relation to the sphincter muscle. It is a highly sensitive procedure for detecting peri-
anal abscesses and can be considered a valid alternative to MRI and to EUA for the
assessment of perianal disease.

Dilation of Strictures

The course of CD is often complicated by gastrointestinal fibrosis and strictures,
potentially leading to bowel obstruction and necessitating surgery in 20% of patients.
Unfortunately, the disease commonly recurs after resection, sometimes leading to
repeated surgery. For strictures accessible to endoscopy, alternative approaches have
been proposed, including through-endoscope balloon dilation (Fig. 6.2a–c). Several
studies [22] have reported the results of balloon dilation, showing a high technical
success rate and good clinical efficacy (Table 6.2). Most of the dilations were per-
formed in anastomotic strictures with a stricture length of generally <5 cm. The rate
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Fig. 6.2 Dilation of an anastomotic stricture 
(a) through the scope balloon (b). Stricture
after dilation (c)
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b
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of major complications, including bowel perforation, was 2%, low enough to consid-
er the procedure as relatively safe. Technical success, i.e., pneumatic dilation of the
stenosis, was achieved in nearly 90% of patients even if in some cases the endo-
scopist was unable to pass the scope through the stricture, usually because of bowel
angulations. Most of the patients who underwent dilatation had very good short-term
clinical success, although only 30% of them maintained long-term clinical success
with only one dilation. For this reason, subsequent scheduled dilations after an index
dilation should be performed, even in the absence of obstructive symptoms, as this
strategy could guarantee a longer surgery-free period. This approach supports the use
of endoscopic dilatation to avoid or postpone the need for surgery in selected patients
with CD strictures [23].

Surveillance Colonoscopy in Chronic Crohn’s Colitis

The importance of surveillance colonoscopy in Crohn’s colitis became particularly
evident after a report by the group of Present, conducted in patients with long-stand-
ing extensive Crohn’s colitis. In that longitudinal series of 259 patients, new low- or
high-grade dysplasia (LGD, HGD) or cancer was found in 32 (12%) of the examined
patients. After a negative screening result, the probability of finding neoplasia by the
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6 Table 6.2 Endoscopic dilation of strictures in Crohn’s disease

Author Patients) Postsurgical Scope Technical Clinical Complications
(n) strictures (%) passing success efficacy (%)

(%) (%) (%)

Dear 22 91 45 100 73 0

Sabatè 38 65 56 84 53 3

Ferlitsch 46 62 – 85 57 4

Brooker 14 79 86 100 79 0

Gibson 59 73 74 73 41 3

Ramboer 13 71 77 100 100 0

Couckuyt 55 67 73 85 60 11

Morini 43 67 70 79 42 0

Blomberg 27 100 100 100 67 0

Singh 17 74 66 86 5 2

See [22] for more details



fourth surveillance examination was 22%. Recently, the same group updated the
results of that previous study: all patients had at least 7 years of Crohn’s colitis
affecting at least one-third of the colon; the patients were followed-up every 1–2
years. The cumulative risk of detecting an initial finding of any definite dysplasia or
cancer after a negative screening colonoscopy was 25% by the tenth surveillance
examination. The cumulative risk of detecting an initial finding of flat HGD or can-
cer after a negative screening colonoscopy was 7% by the ninth surveillance exami-
nation [24]. Therefore, periodic surveillance colonoscopy should be part of the rou-
tine management of patients with chronic extensive Crohn’s colitis.

Chromoendoscopy with indigo-carmine or methylene blue dye in conjunction
with magnifying endoscopes (Fig. 6.3a–c) is useful to detect subtle mucosal changes
and has been shown to increase the yield of surveillance endoscopy in patients with
inflammatory bowel disease [25]. Although these data need to be confirmed, chro-
moendoscopy is likely to become the procedure of choice for this indication.

Narrow band imaging (NBI) using a zoom scope presumably increases the sensi-
tivity of the technique for the detection of dysplasia to a similar level as achieved
with chromoendoscopy, but without the use of dyes. The accuracy of this technique
for dysplasia screening is currently under investigation.
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Fig. 6.3 Surveillance colonoscopy in Crohn’s
colitis with: light endoscopy (a), chromoen-
doscopy (b), and NBI (c) 
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Introduction

It is unusual for patients with inflammatory bowel disease (IBD) to present with
almost specific or pathognomonic clinical symptoms and signs. This implies that
diagnosing Crohn’s disease (CD) or ulcerative colitis (UC) is substantially depend-
ent on the combination of a wide range of clinical, radiological, endoscopic, and his-
tological findings that should be correctly interpreted by physicians in the appropri-
ate setting. One additional important point is linked to recent advances in the field
that have led to the widespread use of biological therapies in the management of
patients with IBD, either CD or UC. This suggests that we urgently need reliable
tools to stratify patients with different disease subtypes in terms of the risk of com-
plications and a poor outcome as well as the probability to clinically respond to one
treatment strategy, including biological therapies, rather than to others. Reliable
tools are also required to appropriately follow-up patients during the course of their
disease, especially methods that allow inflammatory activity and treatment effects to
be monitored. 

Several laboratory biomarkers are potentially helpful in the management of IBD
patients, with C-reactive protein (CRP) being the most widely used in clinical prac-
tice. Fecal levels of calpoprotectin and lactoferrin are promising markers to be used
in the near future in this field but data from evidence-based literature are relatively
scarce and further properly designed investigations are required.
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C-Reactive Protein

Blood levels of CRP, the first acute-phase reactant to be described, are strongly
increased in a wide range of inflammatory disorders [1]. CRP is elevated early after
the onset of the inflammatory process and, due to the protein’s short half-life, rapid-
ly decreases after its resolution, making CRP an attractive marker of disease activi-
ty. Moreover, CRP testing is inexpensive and easy to perform and its levels are not
affected by medications, except those such as corticosteroids that directly affect the
underlying inflammatory disorder. Other advantages of measuring CRP are that there
is no requirement for overnight fasting before blood sampling and the lack of any cir-
cadian cycle in CRP synthesis and release that might affect the reliability of measur-
ing blood concentrations.

Important differences among IBD patients with regard to CRP blood concentra-
tions have been identified: nonetheless, mechanisms responsible for those differ-
ences are still incompletely understood [2]. For example, CRP strongly increases
during inflammatory flares of CD whereas, in contrast, UC patients usually have
mildly increased or normal CRP concentrations even during the most severe inflam-
matory flares [2]. This suggests that measurement of blood CRP should be regarded
as of little or no value to estimate and follow-up the inflammatory activity in UC
patients, even though some investigators have suggested a relationship of CRP blood
levels with both activity and extension of the disease [2]. However, the finding of sig-
nificantly more elevated CRP concentrations among CD patients than in UC patients
allows patients with active CD to be easily differentiated from those with inactive
disease, but this remains an unreliable objective among UC patients.

The reasons for this discrepancy between CD and UC are as yet unknown.
Moreover, blood and tissue levels of pro-inflammatory cytokines, such as interleukin
(IL)-6, IL-1β and tumor necrosis factor (TNF)-α, are strongly increased in both con-
ditions [2,3]. There is some evidence of a greater increase in peripheral blood IL-6
in CD patients than in UC patients and this might, at least in part, explain why blood
CRP concentrations are more elevated in the former [4]. It is also worth noting that
inflammation is limited to the colonic mucosa in UC whereas in CD there is trans-
mural involvement with granulomatous inflammation, which indirectly suggests that
a systemic inflammatory reaction with more elevated CRP blood levels is more like-
ly to occur in CD than in UC [2,3].

Measurement of CRP has been shown to have sensibility and specificity as high
as 80–85% among patients presenting with clinical features consistent with IBD,
either CD or UC [2,3]. However, sensibility and specificity rise to near 100% if only
CD patients are enrolled whereas they are 55–81% if only UC patients are enrolled
[2,3]. One important point, however, relates to the crucial observation that CRP
measurement does not add any further information in the work-up to the differential
diagnosis between CD and UC. 

In contrast, CRP blood levels have been demonstrated to strongly correlate with
the inflammatory activity of CD, as measured by use of the Crohn’s disease activity
index (CDAI) [5]. Furthermore, CRP blood concentrations appear to closely corre-
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late with several others inflammatory markers of disease activity, such as IL-6 and
the fecal excretion of radiolabeled leukocytes [6]. In addition, because of CRP’s
short half-life (about 19 h), levels of the protein in CD patients are considered to
reflect variations in inflammatory activity much more reliably than other acute-phase
reactants with longer half-lives, such as fibrinogen. The close relationship linking
blood concentrations of CRP with disease activity in CD patients has been demon-
strated based on clinical parameters but also on the findings of endoscopic and his-
tological investigations [7]. However, there is also evidence that about 10% of
patients with active CD, according to clinical criteria, have persistently low to nor-
mal CRP blood levels [8]. The reasons for this discrepancy are unclear; nonetheless,
it appears that those patients usually have ileal involvement with a stenosing pheno-
type along with a greater risk of intestinal resection rather than the fistulizing phe-
notype of the disease [8]. CRP stands as the best marker of clinical activity in CD
patients compared with other biomarkers such as erythrocyte sedimentation rate
(ESR), but ESR better correlates with endoscopic activity criteria of the disease [9].

There is no complete agreement about the clinical utility of measuring CRP in
order to establish both the presence and activity of CD because of the large overlap
in the CRP levels of patients with mild, moderate, or severe disease activity [2,3].
Consequently, CRP is a useful bio-marker to longitudinally monitor clinical disease
activity in each single patient rather than to compare clinical activity between differ-
ent subjects [2,3].

One important point is that the probability of experiencing a CD relapse appears
to be significantly greater in patients with quiescent CD who have elevated CRP
blood levels than in those with low to normal CRP [10]. However, several studies
have clearly demonstrated that at least one-third of patients with disease relapse had
low to normal CRP before the onset of a new flare-up [11]. Furthermore, there is also
evidence that a non-negligible proportion of patients with inactive CD has elevated
CRP blood levels but do not experience any disease relapse [11]. Therefore, the pre-
dictive value of CRP to estimate the relapse risk among patients with inactive CD
remains to be firmly established and more studies are needed.

A relevant advantage of using CRP as a marker of CD inflammatory activity is
that blood levels of the protein are not directly affected by the use of anti-inflamma-
tory or immuno-modulating drugs. Rather, changes in blood CRP levels seem to
reflect the impact of treatment on disease course and inflammatory activity [2,3].
This suggests that, when CRP decreases after a course of anti-inflammatory treat-
ment, it reflects a positive effect of therapy upon intestinal inflammation even when
there has been no clear-cut improvement in clinical parameters of disease activity. In
contrast, if CRP levels remain persistently elevated despite treatment, it is reasonable
to conclude that the underlying intestinal inflammation is not efficiently down-mod-
ulated by treatment. Despite the fact that CRP is not the gold-standard for the follow-
up of UC patients, some studies have consistently suggested that when blood CRP
remains constantly elevated above the cut-off level of 45 mg/l this predicts the need
for colectomy in these patients despite treatment with intravenous steroids or
cyclosporine [12].

The use of infliximab or other TNF antagonists has been a major advance in the
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treatment of IBD. In this setting, there are data in favor of the view that patients with
CRP levels >5 mg/l have the greatest probability to respond to infliximab or other
anti-TNF agents, such as adalimumab [13,14].

Fecal Calprotectin

The advantage of fecal markers such as calprotectin is the greater specificity for the
diagnosis and follow-up of intestinal disorders, including CD and UC. Several intes-
tinal disorders, among them IBD, are characterized by the abundant fecal excretion
of leukocytes. Calprotectin represents about the 60% of leukocyte cytosol proteins.
Thus, the amount of fecal calprotectin mirrors the amount of leukocytes excreted in
the feces and thus both the severity and the extent of intestinal inflammation. Several
studies have indeed demonstrated a close relationship between fecal calprotectin and
leukocytes labeled with indium-111 [15]. Furthermore, calprotectin remains stable in
the feces for as long as one week and no more than 5 grams of feces are needed to
consistently measure calprotectin concentrations [16]. An important disadvantage is
represented by the fact that fecal levels of calprotectin may be substantially affected
by the use of non-steroidal anti-inflammatory drugs and proton-pump inhibitors [16].
In addition, calprotectin levels may also change with advancing age, irrespective of
the presence of an intestinal disorder, with diet, and also with physical activity [16].

Fecal calprotectin does not appear to be the gold-standard for the diagnosis and
follow-up of CD and UC patients since many other gut disorders, ranging from can-
cer to infections, could result in a strong increase in the fecal excretion of calpro-
tectin [17]. For example, no significant difference in fecal calprotectin levels has
been demonstrated between IBD patients and those with colorectal cancer [18].
However, despite these caveats, it should be kept in mind that fecal concentrations of
calprotectin are low to normal in patients with functional disorders such as irritable
bowel syndrome; thus, this marker could be a useful tool to effectively differentiate
irritable bowel syndrome from IBD or colorectal cancer [17]. It is otherwise clear
that the finding of elevated fecal calprotectin should prompt an endoscopy to con-
firm suspicion of a potentially severe and life-threatening intestinal disorder. Among
patients presenting with clinical features consistent with CD or UC, measurement of
fecal calprotectin has been estimated to have a sensitivity and specificity for the cor-
rect diagnosis of around 90% [17,18]. Fecal calprotectin seems to be more elevated
among CD patients than among those with UC, with sensitivity and specificity for
the diagnosis of CD being >95% [19]. Since fecal calprotectin is a strong negative
predictor for inflammatory and neoplastic disorders, it has been also proposed that
the finding of low to normal fecal concentrations is an indication to not perform
endoscopic investigations, which in these cases are deemed unnecessary [17,18]. 

Some studies have reported the interesting finding of abnormally elevated fecal cal-
protectin among healthy first-degree relatives of CD patients [20]. Whether this repre-
sents a marker for identifying healthy subjects at greater risk of developing CD or UC
is still unproven and needs to be explored in further studies. It is also unclear whether

G. Famularo, G. Minisola66

7



a close relationship can be established between fecal levels of calprotectin and clinical,
endoscopic, and histological parameters of either CD or UC. There is some evidence
that fecal calprotectin more reliably reflects inflammatory activity as evaluated based
on histological findings rather than on endoscopic findings [21]. This indirectly sug-
gests that fecal calprotectin is a more sensitive marker than endoscopy to estimate
inflammatory activity in CD and UC patients. Furthermore, the severity rather than the
extent of UC correlates with fecal calprotectin concentrations [22]. 

One promising advantage of using fecal calprotectin is the potential to predict the
risk of IBD relapse. Elevated fecal concentrations of calprotectin among both CD
and UC patients are closely associated with a clinically significant risk of disease
relapse [23]. It has been estimated that the sensitivity and specificity of fecal calpro-
tectin for predicting relapse are around 90% and 83%, respectively [24]. In addition,
more elevated fecal calprotectin levels appear to predict an early relapse among
patients with quiescent IBD [23]. It is also worth noting that the predictive value of
CRP or ESR with respect to disease relapse remains to be firmly established. 

Finally, since the normalization of fecal calprotectin during treatment for IBD
closely mirrors the normalization of endoscopic findings, this result would provide a
very reliable marker of treatment response and recovery probability [25].

Fecal Lactoferrin

Lactoferrin is an iron-binding glycoprotein of activated neutrophils that is much
more stable in feces than other leukocyte proteins, such lysozyme, elastase, and
myeloperoxidase. Fecal concentrations of lactoferrin are strongly elevated in IBD
patients but also in patients with infectious enteritis and colitis, either viral or bacte-
rial [16]. Therefore, the differential diagnosis of CD or UC and infectious enteritis or
colitis cannot be established based upon fecal lactoferrin levels alone. It is unclear
whether the elevated levels of fecal lactoferrin in IBD patients are triggered by a pre-
vious Clostridium difficile infection [26]. In patients with elevated fecal lactoferrin,
it is mandatory to perform endoscopy in order to not overlook a cancer or IBD; how-
ever, low to normal fecal concentrations suggest that a functional disorder such as
irritable bowel syndrome is a reasonable diagnosis. Among patients presenting with
clinical features consistent with CD or UC, fecal lactoferrin has a sensitivity and
specificity for the diagnosis of IBD of 82% and 93%, respectively [16]. However,
measuring fecal lactoferrin seems to be less effective than measuring calprotectin for
the differential diagnosis between IBD and irritable bowel syndrome [27,28].

No study has definitely demonstrated that fecal concentrations of lactoferrin
closely mirror inflammatory activity in either CD or UC patients, mainly because of
a large overlap in the lactoferrin levels of those with inactive disease and those with
active disease [27].

Only one study has so far evaluated the effectiveness of using fecal lactoferrin as
a marker to assay the clinical response to treatment among IBD patients. Buderus and
colleagues indeed observed a close relationship linking the decrease in lactoferrin
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concentrations with reduced CD inflammatory activity in the response to treatment
with infliximab [29]. Even though these results are promising, the study has several
limitations, including the small number of enrolled patients and the lack of an appro-
priately designed control group.

Autoantibodies

Perinuclear antineutrophilic cytoplasmic antibodies (pANCAs) may be found in
60–70% of UC patients and 5–10% of CD patients [30]. The antigens to which these
autoantibodies are directed have not yet been identified but there is evidence that
they are distinct from those associated with systemic vasculitides and likely to rep-
resent antibodies that cross-react with a wide range of bacteria of the indigenous gut
flora. pANCA positivity is usually associated with pancolitis, early surgery, pouchi-
tis, and primary sclerosing cholangitis in UC patients whereas ANCA-positive CD
patients often have colonic disease closely resembling UC [30]. 

In contrast, anti-Saccharomyces cerevisiase antibodies (ASCAs) are detected in
about 70% of CD patients and in no more than 15% of UC patients [31]. ASCA pos-
itivity is associated with an increased rate of early CD complications and seems to
predict the risk that patients will require small bowel surgery [31].
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Imaging modalities play an important role in the diagnosis and management of
patients with Crohn’s disease (CD). Imaging is used for diagnostic purposes as well
as in the evaluation of the nature, gravity, and extraintestinal complications of the
disease. It also provides information on the degree of inflammation and useful feed-
back after clinical or surgical therapy. To this end, endoscopy and conventional radi-
ological and cross-sectional imaging methods (ultrasound, CT, and MR) are mainly
used. Radiological and cross-sectional imaging tests are particularly significant in
the evaluation of the small intestine, given the fact that its endoscopic investigation
is incomplete or almost impossible.

Conventional Radiology

When dealing with CD, the clinician should no longer regard traditional radiological
studies with barium as the first-line screening strategy; however, these studies may
still have a complementary role, e.g., in more specifically targeting the alterations
diagnosed with CT studies. Although barium radiology studies were the only means
to investigate virtually every bowel disease for more than 50 years, the use of this
method in clinical practice has progressively declined in the last 20 years [1,2]. The
main reason is the long time that is required for the barium to opacify all of the intes-
tinal loops, as expected when considering the remarkable length of the small bowel,
the effect of an eventual delay in gastric emptying, and the physical obstacles due to
Crohn’s-disease-mediated alterations. Secondly, due to precipitation and deteriora-
tion of the contrast agent—inevitable during examinations of long duration–detailed
imaging of the bowel loops cannot be achieved, severely hampering the accuracy of
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the study in its ability to detect early or small lesions and to estimate the potential
extent of the Crohn’s alterations.

Several techniques have been proposed to improve the efficacy of radiological
studies with per os barium. These have been aimed at accelerating progression of the
contrast agent through the bowel loops, resulting in shorter examination times and a
reduction in artifacts due to barium degradation.

There is a wide agreement that distension of the bowel loops is necessary in order
to appropriately visualize alterations in the bowel wall. This is usually achieved by
positioning a nasojejunal catheter at the level of the duodenojejunal flexure of Treitz
(enteroclysis). The technique may be performed using diluted barium or a mix of bar-
ium with either methyl-cellulose or air, after full-bowel preparation [3,4]. Double-
contrast enteroclysis allows simultaneous imaging of the entire small bowel while
providing optimal distention of the intestinal loops. It also allows visualization of the
mucosal surface at different angles and exploration of the different bowel loops by
transparency studies (Fig. 8.1).

When applied to CD, enteroclysis provides accurate assessment of the small
bowel, which is extremely valuable in the differential diagnosis and in the grading
and staging of CD. In particular, it allows a careful estimate of disease extent, the
identification of discrete lesions, the characterization of strictures, and measurement
of the length of the unaffected bowel. In addition, enteroclysis also provides accurate
depiction of very early CD lesions, so that new findings, such as lymphoid nodular
hyperplasia and apthoid ulcers, can be identified. Consequently, the specificity of the
technique is very high, 96.9–98.3%, with an overall diagnostic accuracy of 93–99.3%
in different series [5,6].

The first step in the pathogenesis of the swelling of the valvulae conniventes is
edema of the lamina propria and the submucosal layer. Subsequently, with inflamma-
tory hypertrophy of the lymphatic structures, there is irregular bulging of the
mucosa, giving it a nodular appearance. Subsequent disruptions of the mucosal
epithelium result in the onset of apthoid ulcer, which is the earliest mucosal lesion
detectable by means of radiology (Fig. 8.2) [7]. In imaging studies, the lesion appears
as small collection of barium surrounded by a radiotransparent halo. It is due to a dis-
crete inflammatory process that interrupts the normal mucosa.
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Fig. 8.1 Double-contrast enteroclysis with barium and methyl-cellu-
lose. Normal findings



During the progression of CD, the apthoid ulcers enlarge and merge to form linear
ulcers. The mucosa entrapped between the ulcers thickens, because of swelling and
inflammation, resulting in the characteristic cobblestone picture of CD (Fig. 8.3). 
As the disease continues to evolve, usually at the same location as the earlier lesions,
two different radiological pictures develop that may be present separately or simulta-
neously. The first consists of concentric thickening of the bowel wall, lending a typ-
ical string-like aspect to the involved segment, usually the distal ileum. At this stage,
obstruction is more frequently due to a spastic component rather than to a fibrotic
process. Consequently, it is possible to detect partial resolution of the stricture and
the reappearance of peristaltic activity during the same examination. The fibrotic
evolution of the stricture results in the loss of its tubular aspect, because of the stiff-
ness of the bowel wall (Fig. 8.4). The disease tends to be asymmetric, mainly involv-
ing and shortening the mesenteric side of the loops, so that the strictures are irregu-
lar and characterized by sparse pseudodiverticula on the anti-mesenteric side of the
bowel wall.

The typical aspect of CD also involves extra-luminal extensions of the lesions,
with the formation of entero-enteric or entero-colic fistulas. A more direct visualiza-
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Fig. 8.3 Cobblestone appearance in a patient with Crohn’s disease.
The finding is due to the presence of deep linear ulcers separated by
mucosal areas swollen because of the inflammatory process

Fig. 8.2 Crohn’s disease. The apthoid ulcer appears as a central
lesion with a peripheral radiotransparent halo
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tion of the mesenteric alterations may be achieved with modern imaging techniques
such as CT and MRI. However, these are inferior to enteroclysis in describing the
mucosal alterations of CD (Fig. 8.5). Moreover, the development of double-contrast
enteroclysis has allowed, for the first time, non-surgical evaluation of the entire
length of the small bowel. This ability is extremely important in predicting the risk
of short bowel syndrome, especially in Crohn’s patients who need to undergo exten-
sive surgical resections. Therefore, when performed before surgery, enteroclysis may
result in more conservative and better targeted surgical approaches [8].

Cross-sectional Imaging 

Ultrasound

Traditional ultrasound provides an accurate diagnosis of patients with CD and repre-
sents an initial screening procedure for patients with symptoms such as abdominal pain

Fig. 8.5 In this patient with Crohn’s disease, fibro-fatty mesen-
teric proliferation separates the various loops because of a mass
effect

Fig. 8.4 Crohn’s disease. Strictures alternate with dilated
segments



and diarrhea. It is only slightly invasive and can be repeated during the follow-up phase
to assess the response to therapy and potential disease complications. Ultrasound also
highlights any recurrence of the disease in patients surgically treated for CD and in
patients with relative or absolute contraindications, for example, children, pregnant
women, and the disabled, to the usual radiological and endoscopic diagnostic investi-
gations [9]. The sensitivity of ultrasound examinations in the study of CD is 60–95%,
with a specificity of 80–100% [10]. In patients suspected of having the disease, the
sensitivity increases to 74–92%. The sensitivity of ultrasound is also high in patients
with active CD and in the detection of complications, due to the transmural nature of
the inflammatory process [9]. Nonetheless, ultrasound has a number of shortcomings
as it only provides access to the colon and lower portions of the small intestines, unlike
CT and MR scans and other recognized radiological investigations. In addition, sever-
al factors prevent an accurate ultrasound examination, such as meteorism, peristalsis,
and obesity. For the radiologist to make an accurate ultrasound diagnosis, the patient
should abstain from food for at least 4 h in order to reduce intestinal peristalsis and
endoluminal gas, but neither a special diet nor intestinal cleansing is normally neces-
sary [11]. 

Conventional ultrasound based on linear or convex probes with a frequency range
of 3.5–7.5 MHZ are used to examine the intestinal loops. The test is done with the
patient in supine decubitus and begins with an exploration of the right lower abdom-
inal quadrant to assess the last ileal loop and the ileocecal valve; the remaining
abdominal quadrants are subsequently examined to evaluate the small intestine and
colon loops. Color power Doppler imaging modalities provide additional information
on the activity index of the disease based on the speed of blood flow through the ves-
sels in the intestinal walls, spectral analysis and an assessment of the resistance index
(RI), and flows in both the intraparietal area and in the superior and inferior mesen-
teric arteries (SMA-IMA) [9].

The examination is initially done without any contrast material; however, to more
accurately evaluate the disease activity index, contrast agents can be subsequently
administered, either orally or by intravenous injection. Recent studies showed that the
use of endoluminal contrast agents increases sensitivity in the diagnosis of inflam-
matory bowel diseases (IBDs) involving the jejunum or colon [11]. If contrast agents
based on sulfur fluoride microbubbles are used, it is necessary to obtain informed
consent and an anamnesis to determine any allergy to the contrast agent or a history
of recent myocardial infarction or ischemic heart diseases, both of which are con-
traindications to its use. 

The ultrasound diagnosis of IBDs is carried out on the basis of several parame-
ters referring to the parietal thickness, the features of the intestinal loops, and extra-
parietal abnormalities, such as mesenteric thickening, regional or localized lym-
phadenomegaly, abscess collections, enteroenteric, enterocutaneous, and enterovesi-
cal fistulas, and inflammation of adjacent areas such as the bladder and reproductive
organs. Endocavitary ultrasound is necessary in patients with peri-rectal abscess and
fistula [9,12].

Five layers with different ultrasound imaging features are differentiated in the
wall of the digestive tract. From the endoluminal side these are: (1) the hypere-
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chogenic layer, which corresponds to the mucosal surface, (2) the hypoechogenic
layer of the tunica mucosa, (3) the hypoechogenic layer of the tunica submucosa, (4)
the hypoechogenic layer of the tunica submuscularis propria, and (5) the hypere-
chogenic layer representing the serosa or the interface between the wall and the peri-
vesicular spaces (Fig. 8.6). The imaging of each segment of the digestive tract is,
among other factors, determined by the individual’s functional status, which is influ-
enced by peristaltic activity, the degree of repletion, and the nature of the items con-
tained in the segment analyzed. A hollow viscus may appear collapsed, its distension
caused by liquid, partially fluid contents, or gas [9].

The most common criterion used in the diagnosis of CD is parietal thickness and
echo-structure (Fig. 8.7). Parietal thickening, measured as a wall thickness > 3 mm,
is the typical sign although it is not specific for the disease. On longitudinal and
transversal scans, it produces the typical layered or targeted pattern [9–11]. 
The degree of wall thickening is influenced by several factors; some of them are
related, e.g., edema and cellular infiltration, whereas others are not, such as fibrosis
and distension. In patients with CD, an increase in the hyperechogenic layer of the
submucosa is the main cause of parietal thickening. Other factors are, on the one
hand, the irregularity and segmented appearance of the central hyperchogenic line
with respect to endoluminal gas, due to mucosal ulcers, and on the other, the inter-
ruption of the hypoechogenic tunica mucosa, due to the formation of microabscess-
es and intramucosal fistulas. In general, the altered loop is hypoperistaltic and fixed;
a dilated loop with marked peristalsis is also frequently seen on the upper side of the
stenotic tract (Fig. 8.8). It is sometimes possible to ultrasonographically differentiate
between an intestinal loop regarded as normal based on its parietal thickness and
echo-structure and an altered loop characterized by a loss of layering. Large polyps
of the terminal ileum and of the ascending colon can be seen in patients with active
disease [13]. Among the recognized IBDs, unaltered wall layering is visible in
patients with ulcerative colitis, which is characterized by a more superficial inflam-
matory process. This criterion can be helpful in distinguishing ulcerative proctocoli-
tis from CD [11].
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Fig. 8.6 Mural stratification of the bowel wall: ultrasound anatomy



Color power Doppler imaging is used to evaluate the neovascularization of the
altered loop. Thus, where parietal thickening is associated with active inflammation,
intraparietal flow signals can be visualized whereas they do not appear in individu-
als with fibrosis (Fig. 8.9). The relevance of spectral investigations (RI measure-
ment) of the SMA is controversial [9,11]. However, in the presence of complications,
color Doppler can often distinguish phlegmons, i.e., mesenteric vascularized masses
with internal flow signals, from abscesses, which are seen as fluid collections with
peripheral vascularization [10].

As noted above, contrast agents can be helpful in both the diagnosis of CD and the
evaluation of the disease activity index. Orally administered contrast agents allow dis-
tension of the small bowel loops. Polyethylene glycol (PEG), a non-absorbable, non-
fermenting, and non-digestible hydrophilic molecule, is typically provided at a dose of
200–600 ml (400 ml on average) and allows visualization of the intestinal walls [14].
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Fig. 8.7 Thickened wall of the
ileum, with modified bowel wall
stratification and fibro-fatty pro-
liferation

Fig. 8.8 Enlarged ileum in the pres-
ence of a stiff and thickened small
bowel loop



This approach results in more accurate observation of the affected area and of disease
progression compared to traditional echographies. It also provides a better evaluation
of stenosis [10]. Second-generation intravenous contrast agents together with the low
mechanical index acquisitions performed by dedicated software have facilitated stud-
ies of the microcirculation of the parenchymatous organs and of neoangiogenesis of
tumoral tissues. This technique has been used to achieve parietal enhancement in
patients with CD and has led to the identification of four distinct patterns:
• In pattern I, or the monolayered pattern, there is an intense impregnation that

affects the entire intestinal wall. This is observed in patients with thickened loops
and consists of hypoechogenicity with loss of parietal layering and color Doppler
parietal signals. 

• In pattern II, or the double-layered pattern, the mucosa and submucosa, rather than
the external muscular layer, are affected by impregnation. This is observed in
patients with thickened loops, partially altered layering, and fewer parietal vessels.

• In pattern III, or the three-layered pattern, there is no impregnation of the mucosa
and muscular tunicae, whereas impregnation occurs in the submucosa. This is
observed in patients with thickened and layered loops, thickened submucosa, and
few parietal signals. 

• In pattern IV, there is an absence of parietal impregnation. This is observed in
patients with stenosis in the radiologically documented loop and with a slightly
thickened, layered, and fibrotic loop with parietal signals.

A statistically significant correlation between pattern I and pattern II and clinical
disease activity has been established [10] (Fig. 8.10a–c).
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Fig. 8.9 Color Doppler ultrasound:
increased vascularity of the thick-
ened bowel wall



Computed Tomography

The success of CT in the diagnosis of CD or its complications relies on a number of
procedures, such as a proper patient preparation, the use of multi-detector instruments
(MDCT), the administration of intravenous or oral contrast agent, standardized techni-
cal acquisition parameters, and elaboration techniques for the post-processing of
images through MPR, MIP, and VR reconstruction systems [15]. In CT scans done for
screening purposes, patients must abstain from food for at least 6 h and laxatives are
administered for proper intestinal cleansing. CT is also used in specific urgent/emer-
gency cases for the evaluation of pre- and post-surgical complications.

Patients undergoing screening are administered an endoluminal contrast agent
either orally (CT enterography) or through a tube inserted through the nose (CT ente-
roclysis) with the tip positioned at the duodenojejunal flexure of Treitz [16,17]. The
contrast agent can be positive, for example 1500 ml of a 2% barium suspension or a
suspension of hydrosoluble iodate contrast medium, or negative, for example, if
water is used, a PEG or 5% methylcellulose diluted solution [16,17]. The administra-
tion of contrast agents in CT enterography is seriated and monitored to obtain com-
plete and optimal lumen distension as far as the ileal valve. In CT enteroclysis, a
nasojejunal tube is positioned, under radioscopic guidance, at the angle of Treitz. An
injection pump programmed to calculate the quantity of contrast agent and its flow
speed may also be used (1550–2000 ml at 100–250 ml/min) [16]. Both procedures
require that the patient is administered a hypotonic drug prior to the scan and an
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Fig. 8.10 Pathological enhancement of a thickened small
bowel loop after administration of intravenous contrast
medium, as seen on ultrasound 

a

c

b



intravenous non-ionic iodate contrast agent during the examination. The acquisitions
obtained in these two modalities substantially overlap and their technical parameters
largely depend on the available equipment [16,17]. The scan must provide at least
three acquisitions, one before and two following contrast agent infusion. Post-pro-
cessing elaboration is based on the retro-reconstruction of images that are acquired
in increasingly thinner slices (0.6–1.25 mm at equal or less frequent overlapping
reconstruction intervals) to obtain the maximal number of images, thus producing a
study on all three planes that includes an analysis of the vascular map (MIP) and a
concise 3D representation of the intestinal loops (VR). Dedicated software provides
curved or longitudinal representations and measures the exact size of the diseased
area [16–18]. In specific urgent/emergency cases, similar technical acquisition
parameters are used. An intravenous non-ionic iodate contrast agent is administered
and routine post-processing procedures are followed. Oral contrast agent administra-
tion is not common. 

MDCT is also used (CT colography) in patients with CD with colonic localiza-
tion and provides an alternative to colonoscopy, which is often incomplete because
of the stenotic complications of this disease [19–21]. The patient follows a low-fiber
diet for 2–3 days prior to the scan and laxatives are taken the day before for proper
intestinal cleansing. During the examination, a Foley catheter is inserted through the
rectum and hypotonic drugs are administered. CO2 or tolerable amounts of air,
depending on the patient, are then introduced manually or automatically to inflate the
colon. Thin-layered volume acquisition is done with the patient in prone decubitus,
at low milliampere and kilovolt settings, and in supine decubitus after an intravenous
contrast agent is administered [19–21]. Images are subsequently elaborated in 2D
and 3D reconstructions using virtual colonoscopy and virtual dissection software
(Fig. 8.11). This technique enables the identification of neoplastic or pseudo-inflam-
matory polypoid formations and is helpful in assessing the degree and progression of
stenotic segments [20,21].
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Fig. 8.11 Stenotic lesion evaluated by 3D vir-
tual multi-detector CT (MDCT) colonoscopy



The main imaging criteria for the diagnosis of CD are parietal thickening and
stratification, either a layered or targeted pattern with or without wall enhancement
(Fig. 8.12), sinus tracts, edema and fibro-adipose proliferation of the mesenteric fat,
occlusion of the vasa recta or the comb sign (Fig. 8.13), fibro-adipose infiltration of the
submucosa, and mesenteric adenopathy [16–19,22]. Although several studies have
shown that parietal thickening of 2.5–10 mm is a clear indication of the disease, values
> 3 mm are regarded as being particularly meaningful in this context [18,22]. Parietal
enhancement is considered the principal sign of transmural inflammation whereas low
or no enhancement suggests a fibrotic evolution (Fig. 8.14). Superficial alterations of
the mucosa, such as aphtoid lesions or lymphoid follicle hypertrophy, are not easily
identifiable. Hence, CT is less helpful in evaluating the disease in its initial phase
[11,22]. The sensitivity of CT depends on the disease phase but ranges between 70% in
the initial phase and 98% in transmural and extramural localizations [15,17,18,22].
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Fig. 8.13 MDCT coronal thin reformatted im-
age after the administration of i.v. contrast
medium: comb sign

Fig. 8.12 MDCT axial data after the adminis-
tration of i.v. contrast medium: target sign



Among the most frequent complications of CD that are likely to arise, CT offers
a panoramic visualization of fistulous tracts, abscesses (Fig. 8.15), and stenotic tracts
[18]. Fistulous tracts (enteroenteric, enterocolic, enterovesicular or vaginal and ente-
rocutaneous, duodeno-pancreatic, gastrocolic) may be either hyperdense, in the pres-
ence of positive endoluminal contrast agents, or hypodense, with reduced enhance-
ment with or without the use of negative contrast agents [11,18,22]. Abscesses are
easily identified, including their mesenteric and retroperitoneal extension, and can be
subsequently monitored for their response to therapy. 

MDCT evaluates a number of signals and parietal attenuation patterns that emerge
in the post-contrast graphic phase and provides information on the disease activity
index. Moreover, because of its spatial resolution, MDCT is particularly important in
the diagnosis of disease activity and progression, as well as in the detection of extrain-
testinal complications and the determination of the best therapeutic approach [18,22].
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Fig. 8.15 MDCT axial data after the adminis-
tration of i.v. contrast medium: abscess fluid
collection 

Fig. 8.14 MDCT coronal thin reformatted
image after the administration of i.v. contrast
medium: stenotic lesion without parietal
contrast enhancement in the presence of
fibrotic evolution



This modality is therefore recommended because it is rapid, readily available, and less
invasive than other techniques. However, it does have a few limitations, such as
reduced sensitivity to superficial lesions compared to small bowel enema, exposure of
the patient to a high dose of ionizing radiations, possible reactions to the iodate con-
trast agent, and a lower contrast resolution than obtained with MRI [11,15].

Magnetic Resonance Imaging

The advantage of MRI is that it is a non-invasive imaging technique that does not
involve the use of ionizing radiation. It provides multi-planar images and thus infor-
mation on many of the parameters needed to evaluate the parietal and extraparietal
inflammation of CD as well any of the disease’s complications [23,24]. Since the
beginning of the 1990s, MRI has become an increasingly common technique in clin-
ical practice due to technological progress and the introduction of phased array coils,
fast and ultrafast gradient-echo and steady-state sequences, and the use of endocav-
itary and intravenous Gd-based paramagnetic contrast media. These advances have
improved spatial and contrast resolution in images obtained during short periods of
apnea, thereby addressing many of the limiting issues in the study of the abdomen,
particularly those concerning respiratory movements, intestinal peristalsis, and the
lack of adequate endoluminal contrast. Intestinal cleansing is necessary prior to the
test and different procedures are prescribed to achieve a complete and optimal dis-
tension of the intestinal loops.

Contrast agents may be endoluminal or intravenous and include hypotonic drugs
and the use of dedicated sequences. Positive, negative, and biphasic endoluminal
contrast media are used in MRI to study the gastrointestinal tract [25–27]. Positive
contrast media (gadolinium chelate, ferric ammonium citrate, manganese chloride)
increase the signal intensity of intestinal structures in T1- and T2-weighted
sequences. Negative contrast media such as superparamagnetic iron oxides result in
low signal intensity at either frequency. Biphasic contrast media (water solutions of
PEG, methyl-cellulose, and mannitol), which are currently favored, can act either as
positive or negative agents depending on the sequence, thus generating a low-inten-
sity signal in T1-weighted sequences and a high-intensity signal in T2-weighted
sequences. As in MDCT or conventional radiology examinations, contrast agents can
be administered in amounts of 1000–2500 ml via an infusion pump (with a speed of
100–250 ml/min), through a nasojejunal tube (MR enteroclysis), or orally (MR
enterography) [28,29]. Intestinal transit and distension and possible stenosis with
intestinal obstruction can be monitored during MR enteroclysis through MR fluo-
roscopy sequences [28,29]. Oral administration of the contrast agent is the most com-
mon and is undoubtedly better tolerated by patients. Recent studies have shown a
similar diagnostic accuracy of MR enteroclysis vs. MR enterography when employed
in the follow-up phase [30].

MRI investigations normally last 20–30 min and are carried out using instru-
ments with 1.5T resonance and phased array coils. Most protocols include acquisi-
tions in the axial and coronal planes, without intravenous contrast agent; atypical
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T1/T2-weighted FIESTA or TRUE FISP sequences; and T2-weighted half-Fourier
single-shot fast spin echo (ssFSE) or turbo spin echo (TSE) sequences, with and
without suppression of the fat signal [31,32].

The first type of sequence, due to its speed of acquisition, provides a high con-
trast between the homogenously hyperintense lumen and the intestinal wall, without
any movement artifact (Fig. 8.16). The only disadvantage is the black boundary arti-
fact, which is caused by the chemical shift and is characterized by a thin hypointense
external parietal line. This may prevent the visualization of a slight wall thickening,
which is resolved only through sequences that suppress the fat signal. The second
type of sequence, T2-weighted sequences, provides a high-contrast resolution
between the hyperintense lumen and the intestinal wall and results in a better defini-
tion of parietal edema (Fig. 8.17) when fat is suppressed [28,29,32]. However, it is
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Fig. 8.16 Coronal T1/T2-weighted FIESTA sequence. Normal
appearance of the ileocecal region

Fig. 8.17 Fat-saturated axial T2-weighted
sequence: parietal intramural edema 



very sensitive to endoluminal fluid flow, as these cause flow void, and hypotonic
drugs must be prescribed prior to the examination. The third type of sequences, 3D
fast spoiled gradient echo T1-weighted sequences with fat signal suppression
[28,29,33], are produced before and during intravenous contrast agent administration
(gadolinium chelate 0.1–0.2 mmol/kg intravenous followed by 10–20 ml of saline
flush) in a multi-phasic technique (3 acquisitions at 30–70 and 120 s) and with the
patient administered hypotonic drugs.

These sequences provide excellent visualization of the parietal enhancement and
stratification generated by the contrast between the hypointense lumen signal and the
surrounding mesenteric fat. In any type of sequence, coronal planes are critical to
produce a panoramic evaluation of the intestinal loops. The multi-phasic technique
may be relevant to identifying enhancement of the submucosa—a specific disease
activity criterion–in arterial blood flow [34].

MRI scans also depict some of the superficial alterations of CD, such as the
ulcers (although not the small aphthoid or linear ulcers), plical thickening, and flat-
tening of the circular folds that mark the initial phase of the disease. However, it
more accurately identif ies the transmural and extramural alterations of CD
[28,29,32] because of the reduced spacial resolution compared with that obtained
following clysma of the small bowel.

Prassopoulos et al. [32] reported that blunting, flattening, thickening, distortion,
and straightening of the valvulae conniventes and tiny aphthae were clearly shown on
conventional enteroclysis but were not consistently depicted with MR enteroclysis.
The latter procedure is as accurate as clysma of the small intestine in the depiction
of parietal lesions. Deep ulcerative lesions are represented as lines of increased sig-
nal intensity moving transversally or longitudinally (Fig. 8.18a, b). In addition, a
cobblestone pattern is seen.
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Fig. 8.18 Coronal 3D spoiled gradient-echo (SPGR) T1-weighted sequence after i.v. administration
of a paramagnetic contrast agent: longitudinal and transversal ulcerative lesion findings

a b



Inflammatory wall thickening, seen as the target pattern (Fig. 8.19), as well as
stenosis and the extent of the diseased area can be accurately visualized, particular-
ly through T1-weighted sequences and after an intravenous contrast agent is adminis-
tered (Fig. 8.20). The main advantage over clysma of the small intestine is that extra-
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Fig. 8.19 Axial SPGR T1-weighted sequence
after i.v. administration of a paramagnetic con-
trast agent: target sign

Fig.8.20 Coronal SPGR T1-weighted sequence
after i.v. administration of a paramagnetic
contrast agent: optimal detection of the length
of the stenotic lumen



parietal extent and disease complications, such as fibro-fatty proliferation (Fig. 8.21),
mesenteric lymphadenopathies (Fig. 8.22), fistulous tracts (Fig. 8.23), phlegmons,
and abscesses [23,28,29,32], can be identified.

Therefore, MRI can be regarded as an optimal procedure to correctly diagnose
CD, based on the technique’s multi-planar and multi-parametric features, higher con-
trast resolution compared to CT scans, and the absence of the need for ionizing radi-
ation. The accuracy of MRI is > 85% [15,35]. Nonetheless, MRI has a few limita-
tions. Its sensitivity to the initial alterations caused by the disease is relatively low
because of the reduced spatial resolution. Also, MRI is expensive, time-consuming,
and of limited availability, and it cannot be performed on claustrophobic patients or
on individuals with metallic implants. 
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Fig. 8.21 Coronal T1/T2-weighted FIESTA sequence:
fibro-fatty proliferation

Fig. 8.22 Coronal SPGR T1-weighted sequence
after i.v. administration of a paramagnetic con-
trast agent: mesenteric adenopathy, target sign,
and comb sign
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Fig. 8.23 Coronal SPGR T1-weighted sequence
after i.v. administration of a paramagnetic con-
trast agent: enterovesicular fistula
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One-third of patients affected by chronic inflammatory bowel diseases (IBDs) also suf-
fer from fistulas of different sizes and types. The majority of fistulous tracts are identi-
fied in the anal rectal area, with chronic inflammation, and in the surrounding perivis-
ceral adipose tissues [1]. Diagnostic imaging aims to identify and depict the complex fis-
tulous tracts that can appear at the top of the anal canal as well as the potential involve-
ment of the anal sphincter and the extension of the fistula to the ischioanal fossa.

Over the years, a number of investigative techniques have been explored with
different results. Fistulography requires cannulation of the external fistulous open-
ing [2] and the administration of a radio-opaque contrast agent. The high spatial res-
olution of this modality fails to compensate for its inability to visualize soft tissues
or to show the relationship between the fistulous tract and the sphincter apparatus.
Tracts in which the external fistulous opening has been cannulated as well as the rel-
evant active communications can be shown whereas hidden tracts and non-commu-
nicating abscesses are not visualized. 

Ultrasound diagnostic techniques are currently still in use in a large number of
clinics [3]. The examination can be carried out through the endocavitary route, using
dedicated tubes, or via the perineal route. It is generally acknowledged that the wide-
spread availability of ultrasound and its relatively low cost do not compensate for the
difficult visualization of the external sphincter and the perivisceral areas [4]. As in
other endocavitary methods, this is particularly complex for patients with acute per-
ineal pain caused by active inflammation or patients in the post-operative phase.
Neither the type of examination, which is operator-dependent, nor the information
produced during the investigation is easily interpreted during the pre-operative phase.

Good representation of the pelvic pathology frequently associated with the dis-
ease is obtained with CT scans, although the poor contrast resolution of this tech-
nique makes it difficult to identify the sphincter organ [5].
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The most common method currently used to study perianal pathologies is MRI
[6]. It addresses the bottlenecks presented by other modalities because of its high
contrast resolution, which provides visualization of the soft tissues. The rectoanal
muscular structures are therefore easily depicted, as is their relationship with the
complex fistulous tracts typical of chronic inflammatory diseases. MRI with endo-
cavitary coils was carried out in the past. The coils used for rectoanal studies were of
a smaller caliber than those used for prostate examinations, and they worked in asso-
ciation with an external detection system [7]. These techniques, while common dur-
ing the 1990s, have been almost completely abandoned today because of the high
sensitivity of the external multichannel coils that are currently used. The earlier tech-
niques are nowadays limited to dubious cases (rectovaginal fistulas) in patients able
to tolerate the insertion of a rectal tube [8].

MRI provides information on a large number of parameters. Most image acquisi-
tions of the pelvic plane are based on the high signal intensity detected in areas
affected by the inflammatory disease. A fistulous tract comprises a canal filled with
serous fluid and pus and often surrounded by a variably extended area of granulation
tissue. This is associated with a large water content, resulting in an increase in reso-
nant protons and thus of signal intensity [9].

Some acquisitions, namely, morphological ones, are highly detailed and thus
well-depict both the anatomy and the associated pathology, facilitating disease diag-
nosis. These images are obtained through fat suppression techniques in which the
signal from adipose tissue is suppressed, yielding high sensitivity in the representa-
tion of pelvic pathologies [10].

Images acquired before and after an intravenous contrast agent is administered
are based on a different principle. Here, signal enhancement is produced by the
edema and, ultimately, by the increased vascularization, which in turn reflects the
degree of inflammation. In practice, intravenous contrast agent is hardly ever used to
depict chronic inflammation, although it may be administered to aid in the diagnosis
of complex localized pelvic abscesses and rectoanal cancerous lesions [11].
Similarly, endoanal insertion of contrast agent through cannulation of the external
fistulous opening does not have any concrete application in MRI because of the high
sensitivity of the superficial coils.

Many protocols, used in numerous studies, have been tested and optimized
according to the type of patient in order to represent the pelvic area and to diagnose
fistulous tracts. The anatomy and pathology of the concerned area are represented in
3D according to different weightings [12]. A basic examination that addresses most
diagnostic issues normally lasts 30 min, including patient preparation and accommo-
dation in the MRI room. Due to the strong magnetic fields produced by MR devices,
this technique cannot be used to examine patients with ferromagnetic metallic pros-
theses (especially patients who underwent surgery before 1995), unknown external
metallic components, pacemakers, and similar intracardiac devices.

Although clinical reality is undoubtedly more complex, it is possible to analyze
the coronal and sagittal images produced by MRI according to Park’s classification,
whereas the St. James’s University Hospital classification is used to assess disease
activity index (Table 9.1) [13].
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MRI in longitudinal planes is consistent with Park’s classification [4], as it visu-
alizes the internal anal sphincter (involuntary muscle), direct continuation of the cir-
cular smooth muscle of the rectum, and external anal sphincter, whose muscular
extensions are attached to the puborectalis muscle and levator ani muscle (voluntary
muscle). An ischioanal fossa with homogeneous adipose content appears external to
the muscular plane [14]. In Park’s article, published in 1976, some 400 patients were
evaluated. It is likely that superficial fistulas were not included in the classification
because of the complex type of patients treated at St. Mark’s Hospital in London. The
transversal axial plane is used as reference to identify the fistulous internal opening
according to the hands of the clock (12 and 6 positions). Information produced by
MRI often confirms Goodsall’s rule: the anterior or posterior external opening of an
anal fistula relates to tracts located anterior or posterior to the transverse line drawn
across the anal verge.

According to the St. James’s University Hospital classification (Table 9.1), a
grade 1 pathology is a simple fistulous tract that forms longitudinally within the
intersphincteric planes (Fig. 9.1), whereas abscesses are also present in grade 2
pathologies (Fig. 9.2). Neither one is associated with disorders in the ischioanal fossa
(Fig. 9.3). The passage of fistulous tracts through the intersphincteric planes and the
presence of alterations in the ischioanal fossa are seen in grade 3 pathology (Fig. 9.4),
and localized abscesses in grade 4 (Figs. 9.5, 9.6). In grade 5, fistulous tracts origi-
nate from above the sphincter (Fig. 9.7). However, there are also extremely complex
alterations involving different associated fistulous tracts and lacunae formed by com-
municating abscesses (Fig. 9.8). In post-operative examination, it is often possible to
recognize the seton, depicted as a low-intensity signal line (Fig. 9.9). Subsequent
examinations of such patients are often carried out to evaluate the relationship
between the seton and the sphincter apparatus and to assess the efficiency of clinical
therapy of the diseased areas.

MRI is therefore the preferred diagnostic imaging modality for evaluating peri-
anal disease, as it is non-invasive, well-tolerated, and can ultimately be used to exam-
ine patients with chronic inflammatory diseases. 
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Table 9.1 Classification of perianal fistulas (St. James Hospital)

Grade 0 Normal

Grade 1 Intersphincteric fistula 

Grade 2 Intersphincteric fistula with abscess

Grade 3 Trans-sphincteric fistula

Grade 4 Trans-sphinteric fistula with abscess

Grade 5 Extrasphinteric fistula
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Fig. 9.1 Axial T1-weighted image
with fat saturation. Grade 1
intersphinteric fistula

Fig. 9.2 Axial T2-weighted image
with fat saturation. Grade 2
horseshoe perianal fistula

Fig. 9.3 Axial T2-weighted image with fat satu-
ration. Intersphincteric fistula with normal
appearance of the ischioanal space
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Fig. 9.5 Axial T1-weighted image. Perianal fis-
tula with an ischiorectal fossal abscess

Fig. 9.6 Axial T2-weighted image with fat satu-
ration. Grade 4 perianal fistula with an
ischiorectal fossa abscess

Fig. 9.4 Coronal T2-weighted image with fat
saturation. Trans-sphincteric fistula with
inflammatory change in the left ischiorectal
fossa
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Fig. 9.7 Coronal T2-weighted image with fat
saturation. Grade 5 trans-elevator fistula tra-
versing the left ischirectal fossa

Fig. 9.8 Axial T2-weighted image with fat satu-
ration. Complex fistula with abscesses in the
ischioanal fossa

Fig. 9.9 Coronal T2-weighted image with fat
saturation. Trans-sphincteric fistula after sur-
gery (seton placement)
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Introduction

Crohn’s disease (CD) is a chronic condition in which patients often require multiple
surgical procedures during their lifetime. Specifically, approximately 70–90% of
patients with CD require surgery, and 33–82% undergo a second operation during
the course of the disease [1]. Up to 33% may require more than two bowel resec-
tions. The results of percutaneous abscess drainage (PAD) must be viewed within
this context, with the goal of minimizing the invasiveness of interventions equally as
important as minimizing the number of interventions. Abdominal or pelvic abscess-
es occur in 10–28% of patients with CD during their lifetimes [2-6]. The mecha-
nisms of abscess formation in these patients include peritoneal contamination at the
time of previous surgery, remote hematologic seeding from diseased bowel, and
direct extension from involved bowel. The latter is the most common mechanism,
reflecting the transmural nature of the disease process, with deep, fissuring ulcera-
tion that may result in perforation of the bowel wall.

Treatment of abscesses, which traditionally has required clinical diagnosis and
surgical intervention, has been revolutionized by high-resolution radiologic tech-
niques such as computed tomography (CT) scanning (Fig. 10.1), magnetic resonance
imaging (MRI), and ultrasound (US). These studies permit precise anatomic local-
ization of abscess cavities and allow for non-surgical drainage of the infected cavi-
ty. Liver abscess is a rare complication of CD [7-8], probably due to Crohn’s colitis,
since there have been no documented cases of liver abscess associated with ulcera-
tive colitis. The incidence of liver abscess in patients with CD is about 10–15 times
that found in the general population [9]. Diagnosis of the abscess is often delayed
because its clinical presentation can be similar to an exacerbation of CD or may pre-
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cede diagnosis of the disease. Liver abscesses usually appear as late sequelae of CD.
PAD may represent a safe and sometimes definitive therapy for abdominal and

pelvic abscesses in the absence of indications for immediate surgery. The choice of
PAD as an initial drainage modality takes into account patient age, immunomodula-
tor use, and admission to a medical service. In the setting of CD complications, many
variables must be considered: origin, location, and size of the abscess; volume of the
initial aspirate; organisms identified in fluid culture; duration of catheter drainage;
incidence of catheter-related pain and procedure-related complications; short- and
long-term outcomes.

Drainage and Catheter Management

Abscess drainage is performed by using standard imaging-guided techniques [10,11].
Catheters can be placed using either the trocar technique tandem to a guiding needle
or the Seldinger technique, at the discretion of the attending radiologist. Catheters
are placed with US or CT guidance or with fluoroscopic guidance for wire manipu-
lation following initial needle placement under CT or US guidance. Catheter size
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Fig. 10.1 Patient (A). Patient with CD, undergone surgery for ileo-colitis. Transverse CT images
obtained at the level of ileo-psoas muscle, shows deep pelvic abscess  

a b

c d



ranges from 8 to 16 F; size and number of catheters are determined by the attending
interventional radiologist, who performs the abscess drainage on the basis of the
nature of the fluid obtained at needle aspiration and the extent of the abscess. A high-
ly skilled team of interventional radiologists is crucial to affording patients the ben-
efits of PAD. Initial abscess drainage is done under CT or sonographic guidance,
with tandem placement of an 18-gauge sheath needle after location of the abscess
cavity with a 22-gauge needle [12]. Subsequent guidewire placement, tract dilatation,
and catheter positioning are done under fluoroscopic guidance (Fig. 10.2). After ini-
tial abscess drainage, if communication to the gastrointestinal tract is suspected by
the nature of the drainage, or by persistently elevated catheter drainages, the absces-
sogram is scrutinized for signs of enteric communication, such as a pointed or angu-
lar contrast collection. If present, the collection is probed with angiographic
catheters in an attempt to document the location and size of the communication.
Attempts to document communication are routinely repeated after drainage if the
communication is not immediately apparent (Fig. 10.3). Once found, the drainage
catheter is repositioned adjacent to the entry site of the communication; or a second
catheter is placed for this purpose, with the original catheter retained for continued
abscess drainage. Catheter manipulation, if necessary, is considered part of the man-
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Fig. 10.2 Patient (A). Percutaneous abscess drainage (PAD) is placed in deep pelvic abscess with
Seldinger Tecnique under ultrasonografic and Fluoroscopic guidance. After initial abscess drai-
nage, abscessogram was performed to evaluate enteric comunication and no signs were found

a b

c d



agement of drainage catheters and not a complication or failure. Catheters are
removed when drainage is diminished to < 10–20 ml/day. In patients with persistent-
ly high outputs (> 50 ml/day), injection of contrast material through a catheter, con-
trast-material-enhanced study of the small bowel, or enema examination with con-
trast material is performed to assess the presence and location of a fistula to the
bowel. 

Percutaneous Abdominal Abscesses Drainage 

Patients undergoing percutaneous abdominal abscess drainage must be categorized
on the basis of the nature of the underlying abscess. Spontaneous abscesses are those
that arise in the setting of CD in patients who do not have a history of surgery in the
preceding 30 days. Postoperative abscesses are those diagnosed within 30 days of
CD-related surgery. Patients must be also evaluated for the location, size, and num-
ber of abscesses at presentation for initial drainage. Furthermore, abscesses can be
categorized as initial versus recurrent. A recurrent abscess is defined as an abscess
that occurs in the same location as a previously drained abscess after resolution of
the initial abscess. In the setting of abscesses management, short- and long-term suc-
cesses must be considered. Both are defined with respect to the need for surgery for
active CD or complications of the disease following percutaneous abdominal abscess
drainage. A short-term success is defined as a patient who does not undergo 
CD-related surgery within 60 days of PAD, and a short-term failure as a patient who
requires CD-related surgery within 60 days. A long-term success is defined as a
patient who does not require CD-related surgery beyond 60 days after PAD, and a
long-term failure as a patient who undergoes surgery beyond 60 days after PAD. With
respect to spontaneous versus postoperative abscesses, Sahai et al. [13] observed a
trend in which postoperative abscesses were more likely to be short-term successes
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Fig. 10.3 Patient (A). a Abscessogram performed 7 days after PAD placement. b Abscessogram
performed 20 days after PAD placement. Abscess appear decreased in size and no potential ente-
ric comunication were found
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than spontaneous abscesses. This trend toward better outcomes with postoperative
abscesses may be due to the fact that the diseased segment is left in situ in the set-
ting of PAD for spontaneous abscesses. Therefore, unless medical treatment substan-
tially mitigates disease activity, the conditions that led to abscess formation remain,
and the abscess can easily recur. In postoperative abscesses, the diseased segment or
segments of bowel have presumably been removed. An abscess may form from a
localized intraoperative contaminated site or anastomotic leak. Without persistent
bowel inflammation or persistent leak, this abscess would be expected to resolve with
PAD and the administration of antibiotics. Thus, success rates of percutaneous
drainage are higher for postoperative abscesses than for spontaneous abscesses.
Patients with recurrent and additional abscesses represent a sizable minority of
patients; recurrent abscesses appear to be equally likely to undergo successful short-
term drainage as initial abscesses. Accordingly, we are confident that there is no rea-
son to approach a recurrent abscess differently from an initial abscess. New abscess-
es in different locations reflected noncontained and/or multifocal perforation, which
may be difficult to treat percutaneously. However, abscesses that developed beyond
60 days, likely reflecting recurrent disease in a different location, do not appear to
seriously limit the success of their treatment by PAD. After initial abscess drainage,
patients with abscess-intestinal communication can be administered TPN (Total
Parenteral Nutrition), which is important for healing and closure of the communicat-
ing tract and plays an ancillary role in percutaneous abscess management by decreas-
ing intestinal luminal contents and peristalsis as well as intestinal flora. Indeed, tem-
porary closure of the intestinal-abscess communication can be effected by TPN ther-
apy alone [14,15]; however, long-term follow-up revealed recurrence of the abscess-
es in the same location once oral feedings were reinstituted [16]. This observation
shows that the closure is transient, with no true healing of the bowel wall. Moreover,
it underscores the need for long-term follow-up in the percutaneous management of
abscesses with intestinal communication in CD before they can be considered
“cured.” It also suggests that TPN can have a considerable palliative effect that is
independent of percutaneous abscess management. The technical success rate of PAD
is important both for patients who undergo surgery and for those who do not under-
go surgery in the short term. In patients who undergo subsequent surgery, PAD
results in complete drainage of the abscess, and thus in a cleaner surgical field and
possibly in a less complicated procedure and postoperative course. Casola et al. [17]
advocated this approach of PAD followed by later bowel resection as opposed to the
two-stage surgical approach, which surgeons sometimes use for patients who are too
ill to undergo immediate definitive surgery. In this approach, surgical abscess
drainage is performed first, followed by resection of the diseased bowel at surgery
later. Indeed, PAD is less invasive than surgical drainage and has a lower rate of ente-
rocutaneous fistula. It therefore provides an approach to abscess treatment that is
associated with lower morbidity, even for patients who ultimately undergo bowel
resection. Furthermore, patients who avoided surgery in the short term were found to
be not significantly more likely to require surgery in the long term. This suggests that
PAD is not simply helping to defer surgery, as a temporizing measure, but possibly
helps to avoid surgery altogether. In our experience, the only major complication of
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abscess drainage is a single enterocutaneous fistula at the site of catheter placement,
which occurred in 2% of the procedures; this rate is acceptably low and compares
very favorably with the 21–85% rate reported following surgical abscess drainage
[18]. Thus, given the benefits of PAD and its minimally invasive nature, this rate is
acceptable and should not limit PAD in the setting of CD. In conclusion, in patients
with CD and abdominal abscesses, catheter placement by interventional radiologists
is successful in almost all cases in which a safe percutaneous path exists, and tech-
nical adequacy of abscess drainage is achieved in 96% of these patients (Fig. 10.4).
For some patients, surgery can be avoided both in the short and long term. Patients
with recurrent abscesses can be offered PAD, because they are not universally fated
for surgery. The rate of surgery following PAD will likely vary according to local
practice patterns, but patients can expect an approximately 50% chance of undergo-
ing surgery in the short term following PAD, and success rates of percutaneous
drainage are higher for post-operative abscesses than for spontaneous abscesses.

Percutaneous Pelvic Abscess Drainage 

Percutaneous drainage is standard therapy for pelvic abscesses in the absence of indi-
cations for immediate surgery [19]. Abscesses deep in the pelvis pose a unique prob-
lem because numerous intervening structures create obstacles to safe percutaneous
access. These include the pelvic bones, bowel, bladder, iliac vessels, and female
reproductive organs. Among the techniques designed to overcome these obstacles to
percutaneous drainage are the transgluteal approach through the greater sciatic fora-
men, the transvaginal approach, and the transrectal approach [20-23]. For drainage of
pelvic collections of fluid near the vagina and rectum, excellent results have been
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Fig. 10.4 Patient (A). Follow-up: tran-
sverse CT images performed after 2
months from the first CT shows
decrease in size of the deep ileo-psoas
abscess wich was completely drained
out.  PAD was removed after 2 days 



reported with the transvaginal and transrectal approaches, respectively. However, the
transgluteal approach has advantages over these others. First, the transvaginal
approach cannot be employed to drain presacral abscesses effectively and is obvious-
ly impossible in men. If long-term catheter drainage is indicated, catheter fixation is
achieved much more easily with a transgluteal approach. Use of the transgluteal
approach under CT guidance was first reported in 1986 by Butch et al [24]. However,
it also has draw-backs, because patients must lie prone on the transgluteally placed
catheter for proper gravity drainage, which may cause discomfort as well as catheter
kinking. All transgluteal drainage procedures are performed with CT guidance and
with intravenous conscious sedation of the patient to achieve adequate pain control
for the procedure. Patients who tolerate the prone position can be placed prone,
whereas those with recent surgical incision or respiratory distress must be placed in
a prone oblique or lateral decubitus position. The administration of intravenous
antibiotics to all patients immediately prior to the procedure is recommended. Self-
retaining locking pigtail catheters with distal hydrophilic tips are used; these
catheters range in size from 8 to 14 F and are placed using either a tandem trocar or
Seldinger technique. The tandem trocar technique involves initial CT-guided place-
ment of an 18–22-gauge spinal needle into the abscess. This needle provides an
externally visible guide, enabling catheter insertion at the correct angle, perfectly
parallel to the needle. The Seldinger technique involves the insertion of an 18-gauge
sheathed needle into the abscess. The sheath allows the needle to be exchanged for a
0.035-inch Amplatz guidewire over which dilators are inserted and serial dilation is
performed. The catheter is then inserted over the wire to a depth determined on the
basis of the initial transverse CT scan. The preferred approach for transgluteal access
is the infra piriformis approach, in which the catheter is inserted as close to the
sacrum as possible, at the level of the sacrospinous ligament, below the piriformis
muscle. At this level, the sciatic nerve is situated laterally and can be avoided easily.
The location of the abscess or of the bowel, however, sometimes requires a transpir-
iformis approach with insertion of the catheter through the piriformis muscle. Pain
limited to the site of needle or catheter insertion is common and is usually related to
muscle transgression. If pain is severe, the patient often tenses the involved muscle
(usually the gluteal muscle or the piriformis muscle). In turn, this muscular tension
makes catheter placement more difficult, both in terms of traversing the muscles and
in accurately directing the catheter to the target abscess. This muscle-localized pain
is easily controlled, however, with intravenous analgesics administered prior to
catheter insertion. Immediately after catheter placement, a syringe is inserted and the
fluid is aspirated until flow ceases; after aspiration, the catheter is left in place to
allow gravity drainage. Post-drainage images of the area of interest must be obtained
to verify the adequacy of drainage. To maintain catheter patency, the catheters are
flushed every 8 h with 5–20 ml of 0.9% saline solution. The success of percutaneous
drainage is assessed postprocedurally with radiologic imaging and is verified by
observation of improvement in the patient’s general clinical condition, as indicated
by defervescence, diminishing catheter output, and diminishing leukocytosis. The
major complication of percutaneous pelvic abscesses drainage is hemorrhage, espe-
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cially when the transpiriformis approach is performed [25]. Usually, hemorrhage
occurs through the catheter tract after catheter removal. In this case arteriography
must be done to visualize the source of bleeding; pseudoaneurysm of the inferior
gluteal artery is the most common finding. After visualization, the pseudoaneurysms
can be embolized with coils and a gelatin sponge. If arteriography shows no arterial
injury, spontaneous resolution of the hematoma with conservative management is
expected.

Percutaneous Liver Abscess Drainage

Liver abscess is a rare complication of CD [26]. The incidence is reported to be
114–297 per 100,000 cases of CD vs. 8–16 per 100,000 in the general population
[27]. All of the case series and case reports support a male predominance, with a
male: female ratio of 23:8 [28-32]; this is in contrast to the equal male-to-female
ratio found in CD in general. A predisposing factor seems to be an inflammatory or
perforating disease as opposed to fibrostenotic disease or the presence of fistulous
disease and intra-abdominal abscesses. Several mechanisms have been proposed
regarding the development of a liver abscess: direct extension of an intra-abdominal
abscess into the liver via the portal vein from intra-abdominal infection, indirectly
from complications of CD (i.e., biliary disease), and from sepsis occurring in a car-
cinoma that had metastasized to the liver. Because of the infrequency of this serious
complication in clinical practice, controversy still exists as to the appropriate treat-
ment modality. Attempts have been made to treat liver abscesses with antibiotics
alone [33], but the results have been dismal. Percutaneous liver abscess drainage may
be performed, usually with insertion of a pigtail catheter. A consensus as to type and
duration of antibiotics has not been reached, and the duration of intravenous antibi-
otics ranges from 2 to 6 weeks. Patients have also been administered oral antibiotics.
Regarding percutaneous vs. surgical drainage, many patients can be managed satis-
factorily with percutaneous drainage and antibiotics. In those patients in whom per-
cutaneous drainage was unsuccessful (i.e., multiple abscesses that were not connect-
ed) surgery is necessary, especially if there is additional intra-abdominal pathology
that must also be addressed. Under these circumstances, the majority of authors
advocate surgical drainage.
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Introduction

Crohn’s disease (CD) is characterized by patchy, transmural inflammation that may
affect any part of the gastrointestinal tract. It may be defined by location (distal ileum,
colonic, ileocolic, upper gastrointestinal) or by pattern of disease (inflammatory, fis-
tulizing, or stricturing). Both these aspects have been combined in the Vienna classifi-
cation. CD may cause intestinal obstruction due to strictures, fistulae (often perianal),
or abscesses, and the clinical course of the disease is characterized by exacerbations and
remission. Therapy for inflammatory bowel disease (IBD) is a rapidly evolving field,
with the many new biological agents under investigation likely to change therapeutic
strategies in the future. The general approach for treating active CD must consider the
degree of activity, location, and behavior of the disease, including its course, response
to previous medications, side effects of medication, and possible presence of extrain-
testinal manifestations). In this chapter, the principal drugs employed as a first-line
treatment are discussed. 

Aminosalicylates

Aminosalicylates (mesalazine or 5-aminosalicylic acid (5-ASA), “mesalamine” in
the USA) [1] are available in different formulations that deliver millimolar concen-
trations to the gut lumen, including as oral tablets, sachets or suspension, liquid or
foam enemas, or suppositories. They act on epithelial cells by a variety of mecha-
nisms to moderate the release of lipid mediators, cytokines, and reactive oxygen
species. Oral forms include: 
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• pH-dependent release/resin coated (Asacol, Salofalk, Claversal)
• time-controlled release (Pentasa)
• delivery by carrier molecules, with release of 5-ASA after splitting by bacterial

enzymes in the large intestine: sulfasalazine (Salazopyrin), olsalazine
(Dipentum), balsalazide (Colazide)

Active Disease

Higher doses of 5-ASA (4 g/day) are more effective than placebo for inducing remis-
sion in mild CD [2]. In active Crohn’s ileocolitis, a meta-analysis of the three place-
bo-controlled trials of Pentasa (4 g daily for 16 weeks in a 615 patients) showed a
mean reduction of the CD activity index (CDAI) from baseline of –63 points, com-
pared with –45 points for placebo (p = 0.04). The clinical significance of this mar-
ginal advantage is irrelevant. Subgroup analyses do not provide answers to whether
one group of patients benefit more than another.

Maintaining Remission

5-ASA is less effective for maintaining remission in CD [3]. Mesalazine (>2 g/day)
reduces relapse after surgery (NNT = 8), especially after small bowel resection (40%
reduction at 18 months). It is ineffective after steroid-induced remission, except for
those at high risk of relapse, at a dose of 4 g/day (relapse risk on placebo 2.0, CI
1.0–3.8).

Adverse Effects of Aminosalicylates

5-ASA intolerance occurs in up to 15% of patients taking the drug [4]. Diarrhea
(3%), headache (2%), nausea (2%), rash (1%), and thrombocytopenia (<1%) are
reported, but a systematic review has confirmed that all new 5-ASA agents are safe,
with adverse events that are similar to placebo. Acute intolerance in 3% of patients
may mimic a flare of colitis. Recurrence of symptoms on re-challenge confirms this
side effect. Renal impairment (including interstitial nephritis and nephrotic syn-
drome) is rare and idiosyncratic. A population-based study found that the risk of this
side effect (OR 1.60, CI 1.14–2.26 compared with normal) is associated with disease
severity rather than the dose or type of 5-ASA.

Patients with pre-existing renal impairment who are taking other potentially
nephrotoxic drugs, or with comorbid disease should have renal function monitored
during 5-ASA therapy. Most clinicians believe that creatinine, urine analysis, and full
blood count should be measured every 3–6 months during 5-ASA therapy, although
there is no evidence favoring one monitoring regimen over another. 

R. Mangiarotti110

11



Corticosteroids

The many forms of corticosteroids include oral prednisolone, prednisone, budes-
onide, beclomethasone dipropionate (BDP), intravenous hydrocortisone, and methyl-
prednisolone. Hydrocortisone, prednisolone metasulphobenzoate, betamethasone,
and budesonide are available as topical suppositories, foam, or liquid enemas. 

Many strategies attempt to maximize the topical effects while limiting the sys-
temic side effects of steroids. Budesonide and BDP are poorly absorbed corticos-
teroids with limited bioavailability and thus have therapeutic benefits in ileocecal
CD but with reduced systemic toxicity.

Choice and Mechanism

Corticosteroids are potent anti-inflammatory agents used for the treatment of moder-
ate to severe flares of CD [5]. They have no role in maintenance therapy because of
the large number of side effects. These compounds inhibit several inflammatory
pathways: the suppression of interleukin transcription; the induction IB, which stabi-
lizes the NFκB complex; the suppression of arachidonic acid metabolism; and the
stimulation of apoptosis by lymphocytes within the lamina propria of the gut.

Efficacy for Active CD

Two major trials established that corticosteroids provided effectively induced remis-
sion of CD [6-7]. The National Cooperative Crohn’s Disease Study randomized 162
patients, achieving 60% remission with 0.5–0.75 mg prednisone/kg/day (the higher
dose for more severe disease) and tapering over 17 weeks, compared with 30% on
placebo (NNT = 3). The comparable European Cooperative Crohn’s Disease Study in
105 patients achieved 83% of remission on 1 mg prednisone/kg/day compared with
38% on placebo (NNT = 2) over 18 weeks. No formal dose–response trial has been
performed, but a remission rate of 92% within 7 weeks was achieved in 142 patients
with moderately active CD who received 1 mg prednisone/kg/day. Budesonide is
slightly less effective than prednisolone, but is an appropriate alternative for patients
with active ileo-ascending colonic disease.

Adverse Effects of Corticosteroids

Three broad groups of side effects can be identified, although 50% of patients report
no adverse events. Early effects due to supraphysiological doses include cosmetic
(acne, moon face, edema), sleep and mood disturbances, dyspepsia, and glucose
intolerance. Effects associated with prolonged use (usually >12 weeks, but some-
times less) include posterior subcapsular cataracts, osteoporosis, osteonecrosis of the
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femoral head, myopathy, and susceptibility to infection. Effects during withdrawal

include acute adrenal insufficiency (from sudden cessation), a syndrome of myalgia,

malaise, and arthralgia (similar to recrudesence of CD), or increased intracranial

pressure. Complete steroid withdrawal is facilitated by the early introduction of aza-

thioprine, adjuvant nutritional therapy, or timely surgery. Osteoprotective therapy is

considered advisable if the duration of therapy is likely to be >12 weeks, although

some clinicians advocate supplements of calcium and vitamin D for all patients. 

Thiopurines

Purine antimetabolites inhibit ribonucleotide synthesis, but they induce T cell apop-

tosis by modulating cell (Rac1) signaling. Thiopurines such as azathioprine (AZA),

which is is metabolized to mercaptopurine (6-MP) and then to 6-thioguanine

nucleotides, and thioguanine have been used for the treatment of IBD, but caution is

appropriate because of potential hepatotoxicity [8–10].

Efficacy 

Thiopurines are effective both for the treatment of active disease and for maintaining

remission in CD. A Cochrane review of the efficacy of AZA and MP for inducing

remission in active CD showed a benefit for thiopurine therapy compared with place-

bo, with an odds ratio of 2.36 (95% CI 1.57–3.53). Thiopurines have effect as main-

tenance therapy for CD for up to 4 years. In a prospective trial, 83 patients with CD

who had been in remission for 3.5 years on AZA were randomized to continue AZA

or placebo and followed for 18 months. Relapse rates were 21% and 8% in the place-

bo and AZA groups, respectively (p = 0.0195). Patients with CD treated by AZA are

recommended to continue treatment for 3–4 years and then determine whether AZA

can be stopped. For the 20% who relapse, AZA can be restarted and continued. Direct

comparisons of the efficacy of AZA and 6-MP in IBD are not available. Some

patients who are intolerant of AZA may tolerate MP.

Indications for Thiopurines 

The main role for thiopurines is to avoid the need for steroids; therefore thiopurines

should be considered for patients who require two or more corticosteroid courses

within a calendar year, and for steroid-dependent or steroid-refractory patients.

Purines also should be employed in postoperative prophylaxis in case of severe (fis-

tulating or extensive) CD.
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Dosing

The maintenance dose of AZA should be 2–2.5 mg/kg/day and that of 6-MP 1–1.5
mg/kg/day in patients with ulcerative colitis (UC) or CD. Tailoring or optimization of
thiopurine therapy can occur before or during treatment. The “maximum” dose will
differ between individuals and it depends on at which level the patient develops
leukopenia. The latter is a myelotoxic side effect of thiopurines and the metabolic
phenotype of the individual can be defined by measuring thiopurine methyl trans-
ferase (TPMT) activity or determining the TPMT genotype.

Monitoring Thiopurine Therapy

Manufacturers suggest weekly full blood counts (FBCs) for the first 8 weeks of ther-
apy followed by blood tests at least every 3 months. However, there is no evidence
that this provides effective monitoring. Instead, less frequent monitoring (within 4
weeks of starting therapy and then every 6–12 weeks) may be sufficient. It is just as
important to advise patients to promptly report a sore throat or other sign of infec-
tion.

Adverse Effects of Thiopurines

Flu-like symptoms (myalgia, headache, diarrhea) are the most common cause of
intolerance (affecting up to 20%). They usually occur after two to three weeks and
stop abruptly when the drug is withdrawn. Serious leukopenia can develop suddenly
and unpredictably, in between blood tests, although it is rare (around 3%).
Hepatotoxicity and pancreatitis are uncommon (<5%). Generally, if the drug is toler-
ated for 3 weeks, long-term tolerance and benefit can be expected. Thiopurines can
reasonably be continued during pregnancy if CD has been refractory. In a study of
155 men and women with IBD who were parents of 347 pregnancies while taking 6-
MP, there was no difference in miscarriage, congenital abnormality, or infection rates
in the thiopurine group compared with a control group. The risk of malignancy relat-
ed to thiopurine is low. Large audits of up to 755 patients have shown no increased
risk of lymphoma or other cancers in IBD patients treated with AZA. Nevertheless,
a meta-analysis of six studies evaluating thiopurines and lymphoma in IBD reported
a pooled relative risk of 4.18 (95% CI 2.07–7.51; 11 observed cases, 2.63 expected).
The approximate fourfold increased risk of lymphoma could be a result of the med-
ications, the severity of the underlying disease, or a combination of the two. In gen-
eral, the opinion of most experts is that the benefits of AZA outweigh any risk of
lymphoma in IBD patients. Although this is best discussed with the patients, the
meta-analysis was unable to show that the magnitude of risk was related to the dura-
tion of therapy. To put the data in perspective, the incidence of lymphoma rises with
age. Consequently, the number needed to harm (NNH) to cause one lymphoma by
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treating patients with thiopurines in their third decade (age 20–29) is 4357, while the
NNH for treating patients in their sixth decade is 1126. Serious, systemic viral infec-
tions, including varicella zoster and cytomegalovirus, can complicate thiopurine
therapy; in such cases, rapid treatment with antiviral agents under expert guidance is
appropriate. There is some evidence that lymphomas occurring in patients taking
AZA/MP are caused by Epstein-Barr virus infection. 

Methotrexate

Methortrexate (MTX) [11-13] is administered orally or via subcutaneous, or intra-
muscular injection. Polyglutamated metabolites of MTX inhibit dihydrofolate reduc-
tase, but this cytotoxic effect does not explain its anti-inflammatory actions; rather,
inhibition of cytokine and eicosanoid synthesis probably contributes.

Efficacy of Methotrexate

The indications for MTX are the same as for thiopurine therapy, but at present, the
drug is generally reserved for treatment of active or relapsing CD in patients refrac-
tory to or intolerant of AZA or MP. Most in the consensus adopted this approach
(86% always started AZA/6-MP before treatment with MTX, 14% used them inter-
changeably).

Dose, Delivery, and Duration

The standard doses of MTX in the treatment of CD are 25 mg/week. For practical
reasons relating to the reconstitution of parenteral cytotoxic drugs, oral dosing is
most convenient, although parenteral administration may be more effective.
Subcutaneous administration is reserved for patients with CD of the small intestine,
who are unable to absorb oral MTX. There are no conclusions on the duration of ther-
apy. The 3-year remission rate for MTX in one series was 51%, which compares with
data on azathioprine from the same center (69% 3-year remission rate for azathio-
prine).

Monitoring Therapy

Measurement of FBC and liver function tests are recommended before and within 4
weeks of starting MTX therapy, then monthly. The same caveats as for monitoring
thiopurine therapy apply. Patient follow up must be performed by a specialist.
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Side Effects 

A high percentage of patients (10–18%) discontinue MTX because of its side effects.
Early toxicity is primarily gastrointestinal (nausea, vomiting, diarrhea, and stomati-
tis) but may be limited by co-prescription of folic acid (5 mg at a 2- or 3-day inter-
val from the MTX). Moreover, MTX causes hepatotoxicity and pneumonitis. A study
of liver biopsies in IBD patients taking MTX showed mild histological abnormalities,
despite cumulative doses of up to 5410 mg. Surveillance liver biopsy is not warrant-
ed, but if the AST doubles then it is sensible to withhold MTX until it returns to nor-
mal, before a re-challenge. The prevalence of pneumonitis has been estimated at two
to three cases per 100 patient years of exposure, but large series have not reported
any cases.

Other Immunomodulators

Among the immunomodulators [14-17] used in the treatment of CD are cyclosporin
(CsA) and tacrolimus. However, these calcineurin inhibitors are of limited value in
CD. Their mechanism of action is thought to result from inhibition of the nuclear
translocation of the transcription factor NFAT (nuclear factor of activated T cells),
thereby preventing the downstream start of T-cell cytokine transcription.

Efficacy and Selection

A single trial has shown some efficacy for treatment of CD with oral CsA whereas in
three further placebo-controlled trials, no efficacy of oral CsA for treatment of CD was
found. Three small, uncontrolled case series have, however, reported efficacy of intra-
venous CsA (4–5 mg/kg/day) for both inflammatory and fistulating CD, but random-
ized controlled studies of intravenous CsA are lacking. Therefore, the use of oral CsA
for corticosteroid-refractory or corticosteroid-dependent CD cannot be recommended,
but the use of short-term intravenous CsA to induce remission is still debated. 

In contrast, oral tacrolimus for inflammatory CD has only been reported in
uncontrolled studies and case reports; consequently, the experience with this drug is
too limited to allow its recommendation for general use in the therapy of CD.

Antibiotics

The use of antibiotics in the treatment of CD [18] is based on the most widely accred-
ited hypothesis on the etiology of IBD, in which the disease is ascribed to an exces-
sively aggressive immune response to antigens in the gut of genetically susceptible
individuals [19]. Intestinal bacteria are the most important antigens present in the gut
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and their role in IBD is supported by extensive experimental and clinical data.
Antibiotics are widely used in clinical practice for treating the septic complications of
IBD. In the last few years, several groups have reported the presence of Escherichia
coli in the ileal and colonic tissues of CD patients. E. coli with adherent-invasive
properties (AIEC) have been found in these specimens and shown to be able to colo-
nize the intestinal mucosa and to invade and replicate within macrophages, inducing
the secretion of a large quantity of tumor necrosis factor (TNF). 

Different randomized studies on antibiotic therapy, mainly in CD but also in UC and
pouchitis, have yielded varied results. The antibiotics employed were those with antimy-
cobacterial activity; metronidazole, active against anaerobic bacteria; ciprofloxacin,
active against E. coli, and, most recently, the non-absorbable agent rifaximin.

Efficacy

Randomized studies have shown that metronidazole is no better than placebo with
respect to remission, but the drop in CDAI was 67–97 points in the metronidazole
group compared with one point in the placebo group (p = 0.002). Patients with iso-
lated small-bowel disease showed no benefit, but only 56 of 105 patients completed
the trial, with 17 withdrawing due to adverse events. In a 16-week crossover trial, the
responses to metronidazole and sulfasalazine were similar (25% remission rates in
each arm, no placebo), but there were more patients who failed sulfasalazine and
then responded to metronidazole than vice versa. 

Results on ciprofloxacin show that its efficacy is similar to that of 5-ASA in
active CD, with a response rate of 40–50% after 6 weeks. The combination of
ciprofloxacin and metronidazole has been compared with corticosteroids, showing
46% vs. 63% remission (NS) [20]. 

Rifaximin is active against anaerobic bacteria and E. coli and has been approved
for the treatment of traveler’s diarrhea. In 2008, two case reports described the
response to rifaximin in 6 patients with CD. In one of these articles, the clinical
remission obtained in three patients with newly diagnosed ileal CD was confirmed
also by a capsule endoscopy, which showed mucosal improvement [21]. The doses
employed varied from 600 to 800 mg/daily for a period of 3 weeks to over 6 months.
A previous controlled trial had shown that 800 mg of rifaximin, given twice daily for
3 months to patients with elevated CRP, provided the best result. 

Other antibiotics require additional testing. A meta-analysis of six trials of antimy-
cobacterial treatment showed that only the two trials including corticosteroids for
induction of remission influenced the disease. A subsequent randomized trial consist-
ing of 216 patients that was conducted in Australia showed that triple therapy in con-
junction with corticosteroids improved the response at 16 weeks, although the pattern
of disease was unchanged over 3 years (Selby 2005, personal communication). At pres-
ent, antibiotics are only considered specific for septic complications, symptoms attrib-
utable to bacterial overgrowth, or perineal disease. Antimycobacterial therapy cannot
be recommended based on the evidence from controlled trials. The duration of antibi-
otic therapy is still debated.
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Adverse Effects

Side effects of antibiotics remain a concern. Apart from short-term intolerance in
around 50% (nausea, metallic taste, abreaction to alcohol), polyneuropathy second-
ary to metronidazole limits their long-term use. Ciprofloxacin is better tolerated in
the short term, but is associated with tendonitis and Achilles tendon rupture, espe-
cially with concomitant corticosteroids. 

It is our opinion that antibiotics are extremely useful for treating CD complica-
tions, especially when immunosuppressors may be counter-indicated because of
abscesses and septic symptoms. In the active phases of disease, when the colon is
involved, antibiotics are a possible first-step therapy; however, there are serious
doubts about their efficacy in Crohn’s ileitis. The combination of antibiotics with
steroids needs to be reassessed.

Treatment According to Disease Site and Activity

Active Ileal/Ileocolonic/Colonic Disease 

Initial treatment of active ileal or ileocolonic CD with high-dose mesalazine, corti-
costeroids, nutritional therapy, or surgery should be tailored to the severity of dis-
ease and take the views of the patient into account. The European Crohn’s and
Colitis Organisation (ECCO) published several recommendations on the treatment
of CD [22]:

Recommendations 
• In mild ileocolonic CD, high-dose mesalazine (4 g/daily) may be sufficient initial

therapy. 
• For patients with moderate to severe disease, or those with mild to moderate ileo-

colonic CD that has failed to respond to oral mesalazine, oral corticosteroids such
as prednisolone (40–60 mg daily) is appropriate. 

• Prednisolone should be reduced gradually according to severity and patient
response, generally over 8 weeks. More rapid reduction is associated with early
relapse. 

• Budesonide (9 mg daily) is appropriate for patients with isolated ileocecal dis-
ease with moderate disease activity, but marginally less effective than pred-
nisolone. 

• Intravenous steroids (hydrocortisone 400 mg/day or methylprednisolone 60
mg/day) are appropriate for patients with severe disease. Concomitant intra-
venous metronidazole is often advisable because it may be difficult to distinguish
between active disease and a septic complication. 

• Sulfasalazine (4 g daily) is effective for active colonic disease but cannot be rec-
ommended as first-line therapy, in view of a high incidence of side effects. It may
be appropriate in selected patients. 

• Metronidazole (10–20 mg/kg/day), although effective, is not usually recommend-
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ed as first-line therapy for CD in view of its potential side effects. It has a role in
selected patients with colonic or treatment resistant disease, or those who wish to
avoid steroids. 

• Ciprofloxacin (500 mg bid) has shown similar efficacy to 5-ASA in active CD
and is better-tolerated in the short term.

• Topical mesalazine may be effective in left-sided colonic CD of mild to moder-
ate activity. 

• Azathioprine (1.5–2.5 mg/kg/day) or mercaptopurine (0.75–1.5 mg/kg/day) may
be used in active CD as adjunctive therapy and as a steroid-sparing agent.
However, its slow onset of action precludes its use as a sole therapy.

Fistulating and Perianal Disease 

Active CD is often complicated by perianal disease or fistulae elsewhere in the gas-
trointestinal tract. The initial aim should be to treat active disease and sepsis. For
more complex, fistulating disease, the approach involves defining the anatomy, sup-
porting nutrition, and potential surgery. Further treatment will be discussed in anoth-
er chapter of this book.

Recommendations 
• Metronidazole (400 mg tds) and/or ciprofloxacin (500 mg bid) are appropriate

first-line treatments for simple perianal fistulae. 
• Azathioprine (1.5–2.5 mg/kg/day) or mercaptopurine (0.75–1.5 mg/kg/day) is

potentially effective for simple perianal fistulae or enterocutaneous fistulae when
distal obstruction and abscess have been excluded. 

Maintenance of Remission 

The indication and choice of medications for prevention of relapse in patients with
medically induced remission should take into account three main factors: the course
of the disease (initial presentation, frequency, and severity of flares); the effective-
ness and tolerance of treatments previously used for induction of remission or main-
tenance; and the extent of disease. Other factors, such as the presence of biological
signs of inflammation and smoking status, should also be considered, as well as con-
straints (logistic, social, or financial) affecting the choice of treatment. Patients
should be encouraged to participate in the decision-making process. After the first
presentation if remission has been achieved medically, maintenance with mesalazine
is a treatment option, although there is no consistent evidence for its efficacy. If
remission has been achieved with systemic corticosteroids, azathioprine should be
considered.

Recommendations 
• All smokers should be strongly advised to stop, and to seek help (counseling,

nicotine patches, or substitutes) in order to achieve this. 
• Mesalazine has limited benefit and is ineffective at doses <2 g/day, or for those
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who have needed steroids to induce remission. 
• Immunomodulation with azathioprine, mercaptopurine, or MTX is usually appro-

priate if patients relapse more than once per year as steroids are withdrawn.
• Azathioprine (1.5–2.5 mg/kg/day) or 6-mercaptopurine (0.75–1.5 mg/kg) is

effective, but reserved as second-line therapy because of potential toxicity. 
• Methotrexate (15–25 mg IM weekly) is effective for patients whose active disease

has responded to intramuscular MTX. It is appropriate for those intolerant of, or
who have failed azathioprine/mercaptopurine therapy, once potential toxicity and
other options, including surgery, have been discussed with the patient. Folic acid
(5 mg once a week, taken 3 days after MTX) may reduce side effects.
Subcutaneous or oral therapy may be effective. 

Chronic-Active and Steroid-Dependent Disease 

Long-term treatment with steroids, including budesonide, is undesirable. Patients
who have a poor response to steroids are divided into steroid-refractory (active dis-
ease in spite of an adequate dose and duration of prednisolone): and steroid-depend-
ent (a relapse when the steroid dose is reduced below 20 mg/day, or within 6 weeks
of stopping steroids). Such patients should be considered for treatment with
immunomodulators if surgery is not an immediate consideration. 

Recommendations 
• Azathioprine (1.5–2.5 mg/kg/day) and mercaptopurine (0.75–1.25 mg/kg/day)

are the first-line agents of choice for steroid-dependent disease. 
• Methotrexate (IM 25 mg weekly for up to 16 weeks followed by 15 mg weekly)

is effective for chronic active disease. Oral dosing is effective for many patients. 

Preventing Postoperative Recurrence 

For patients who smoke, cessation significantly reduces postoperative relapse.
Additional medical therapy should be considered for at least 18 months after surgery,
especially if disease has frequently relapsed prior to surgery, or after surgery for fis-
tulating disease, or after a second operation. Prophylactic treatment is recommended
after resection of the small intestine. The drug of choice is mesalazine. Imidazole
antibiotics have been shown to be effective after ileocolic resection. Other drugs,
including azathioprine/6-mercaptopurine, should be considered as first-line therapy
in high-risk patients. The start of prophylaxis should be within 2 weeks of surgery,
on the basis of pathophysiological considerations, although an early start has not
been demonstrated superior to later treatment. The duration of prophylaxis should be
at least 2 years.

Recommendations 
• Mesalazine (≥2 g/day) lowers postoperative recurrence in small bowel disease,

but is ineffective after colonic resection. 

11 Standard Therapeutic Approach 119



• Azathioprine (1.5–2.5 mg/kg/day) or mercaptopurine (0.75–1.5 mg/kg/day) may
be used for preventing postoperative recurrence and may be better than
mesalazine. 

• Metronidazole (20 mg/kg/day for 3 months) effectively delays recurrence after
ileocolic resection for up to 18 months, but potential side effects include periph-
eral neuropathy. 
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Introduction

The advent of biological therapies over the past decade has initiated a new therapeu-
tic era for the treatment of Crohn’s disease (CD), especially for patients with corti-
costeroid-dependent, corticosteroid-refractory or fistulizing disease. For years the
primary goal of traditional therapies has been the control of disease-related symp-
toms. However, emerging evidence from inflammatory bowel disease (IBD) research
suggests that the new biological agents not only control symptoms but may also alter
the natural history of the disease. Accordingly, the therapeutic goals in the medical
treatment of CD are changing and now include the rapid induction of clinical remis-
sion, the maintenance of steroid-free clinical remission, the healing of mucosal
lesions, improvements in health-related quality of life, and a reduction in both the
need for surgery and hospital stay. 

The biological drugs include infliximab, adalimumab, and certolizumab pegol,
which are directed against tumor necrosis factor-alpha (TNF-α), a pro-inflammato-
ry cytokine that plays a central role in the pathogenesis of CD, and natalizumab, an
anti-integrin antibody. These and other such agents have provided new and effective
treatment options for patients with CD. The efficacy and safety of biological thera-
py, for induction and for the maintenance of remission, have been evaluated in mul-
ticenter, double-blind, placebo-controlled trials in patients with moderate to severe
CD and an inadequate response to traditional drugs.
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Infliximab 

Infliximab (Remicade), a chimeric mouse-human monoclonal antibody directed
against TNF-α, was the first biological therapy to be approved in the US for the treat-
ment of CD (1998). In Europe, infliximab is approved for the treatment of severe
active or fistulizing active CD in patients who are intolerant or have not responded
to a full and adequate course of conventional therapy. Infliximab also has been exten-
sively used for the treatment of rheumatoid arthritis, ankylosing spondylitis, psoria-
sis, and psoriatic arthritis.

In the ACCENT I study, a large maintenance trial, patients with moderate to
severe CD who responded to a single intravenous infusion of infliximab 5 mg/kg,
administered at week 0, were randomized to receive infliximab 5 mg/kg or placebo
at weeks 2 and 6 followed by a scheduled therapy every 8 weeks with infliximab (5
or 10 mg/kg) or placebo [1]. At week 14, patients who had responded but then wors-
ened were eligible to crossover to episodic treatment with the active drug. At week
54, remission was observed in 28% of patients who received infliximab 5 mg/kg, in
38% of patients who received infliximab 10 mg/kg, and in 14% among those receiv-
ing placebo. Furthermore, at week 54 significantly more infliximab recipients than
placebo recipients were able to discontinue steroid therapy while remaining in remis-
sion. 

Data from both the ACCENT I trial and other studies have shown that episodic
treatment leads to significantly higher rates of anti-infliximab antibody formation
than scheduled administration [1,2]. The development of immunogenicity correlates
with a decrease in the degree and duration of response. Comparisons between
ACCENT I patients who received therapy as scheduled and those treated with
episodic therapy confirmed that patients in the scheduled group had a better
response, also with respect to the healing of mucosal lesions, as shown in the endo-
scopic substudy of ACCENT I [2,3]. Mucosal healing was associated with reduced
hospitalization and need for surgery at 1 year [3]. Therefore, scheduled maintenance
therapy (5 mg/kg every 8 weeks) is more appropriate for disease maintenance than
an episodic treatment regimen.

In some patients, there is a gradual or complete loss of infliximab efficacy over
time, in part due to the development of antibodies to the drug, necessitating increased
dosing to 10 mg/kg, shortened dosing intervals, or the use of an alternative agent [4].
In the ACCENT I study, 88% of patients who had initially responded to infliximab
but were no longer responsive during maintenance therapy regained response when
the drug dose was increased to up to 10 mg/kg. Concomitant therapy with immuno-
suppressive drugs, such as 6-mercaptopurine, azathioprine [5,6], or methotrexate [7],
reduces the likelihood of developing antibodies and is associated with an increased
likelihood of response but may enhance the risk of side effects.

The efficacy of infliximab specifically in patients with fistulas has also been
evaluated in randomized, placebo-controlled trials [8,9]. In the first study, 94 patients
with draining abdominal or perianal fistulas of ≥ 3 months were randomized to
receive infliximab (5 or 10 mg/kg) or placebo at 0, 2, and 6 weeks [8]. Complete ces-
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sation of drainage from fistulas was observed in significantly more patients treated
with infliximab 5 mg/kg and 10 mg/kg than in placebo patients. The fistulas remained
closed for a median time of 3 months.

The subsequent ACCENT II trial evaluated the efficacy of infliximab in the main-
tenance of fistulizing CD and yielded similar results [9]. At week 54, among patients
responding to the induction phase (infliximab 5 mg/kg at weeks 0, 2, and 6) and ran-
domized to infliximab 5 mg/kg or placebo, significantly more patients receiving
infliximab were able to maintain response (46%) compared to the placebo group
(23%). 

Adalimumab

Adalimumab (Humira), the second anti-TNF agent to be developed, is a fully human
monoclonal anti-TNF antibody administered subcutaneously. The drug has been
approved for use in the treatment of rheumatoid arthritis, ankylosing spondylitis,
psoriatic arthritis, psoriasis. In November 2007, adalimumab was approved by the
Italian Drug Agency (AIFA) for use in the treatment of patients with severe active
CD who have had an inadequate response or intolerance to conventional therapy. 

The first placebo-controlled trial demonstrating adalimumab efficacy was the
CLASSIC I study, in which patients with active moderate to severe CD, naïve to anti-
TNF therapy, were randomized to one of three different dose regimens (160/80,
80/40, or 40/20 mg) administered at weeks 0 and 2 [10]. The 160/80 mg dose regi-
men proved to be the most efficacious, with a remission rate at week 4 of 36% com-
pared to 12% of the placebo group. The CLASSIC II trial showed the long-term effi-
cacy of adalimumab in the maintenance of remission in patients who completed the
CLASSIC I study [11]. 

In the large CHARM trial, patients who responded to open-label doses of adali-
mumab 80/40 mg at weeks 0 and 2 were randomized to either adalimumab 40 mg
every week, adalimumab 40 mg every other week, or placebo [12]. Both dose regi-
mens produced significantly greater remission rates at week 56 (41% and 36%,
respectively) compared with placebo (12%). Complete fistula closure at week 56 was
observed in 33% of adalimumab-treated patients versus 13% in the placebo group. 

In contrast to infliximab, adalimumab has not been specifically studied in fis-
tulizing CD. 

The GAIN study showed that, among patients who had lost response to infliximab
or were intolerant to the drug, those treated with adalimumab 160/80 mg achieved
better clinical remission rates than those in the placebo group at week 4 (21.4 vs.
7.2%) [13]. Although statistically significant, this result was lower than the result
observed in the CLASSIC I trial. A subanalysis of the CHARM study showed that
response rates to adalimumab therapy in patients who were previously treated with
infliximab were approximately 10% less than those for anti-TNF naïve patients. This
is in agreement with the observation that patients who previously received anti-TNF
therapy had a lower response when exposed to a second agent within this class. It is
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unclear whether previous treatment with a biological drug implies more serious dis-
ease or reflects a loss of efficacy to the drug’s mechanism of action; however, the
development of antibodies to an anti-TNF drug does not correlate with the develop-
ment of antibodies to another agent. 

A loss of efficacy to adalimumab over time has also been noted. In patients who
show a loss of response to 40 mg every other week, response can be re-established
by decreasing the interval to 40 mg weekly. 

Certolizumab Pegol

The latest anti-TNF agent to be approved by the Food and Drug Administration
(FDA), certolizumab pegol (Cimzia), is a humanized anti-TNF pegylated Fab’ frag-
ment. Pegylation is thought to increase the half-life of the drug, allowing it to be
administered subcutaneously once every 4 weeks. Differently from infliximab and
adalimumab, this agent does not induce the apoptosis of T cells. However, in March
2008, the European Medicines Agency (EMEA) confirmed the initial negative opin-
ion of certolizumab pegol, refusing marketing authorization because of insufficient
evidence showing a benefit of the drug. Therefore, to date, certolizumab is approved
and commercially available for the treatment of CD only in the US and Switzerland. 

The efficacy of certolizumab as an induction and maintenance therapy in patients
with moderate to severe CD was evaluated in the two large trials, PRECISE I and
PRECISE 2 [14,15]. In the first study, certolizumab 400 mg at weeks 0, 2, and 4 and
then every 4 weeks showed a modest advantage compared to placebo in inducing
clinical response in patients with baseline C reactive protein (CRP) ≥ 10 mg/l [14].
The PRECISE 2 trial demonstrated a better efficacy of certolizumab 400 mg every 4
weeks through week 24 compared to placebo in maintaining clinical response in
patients with high baseline CRP, following an open-label induction phase with cer-
tolizumab itself [15]. A lower response rate in patients previously exposed to inflix-
imab confirmed the observation made in other anti-TNF trials.

In the recent open-label WELCOME study, patients with active CD who previ-
ously lost response or were intolerant to infliximab received certolizumab 400 mg at
weeks 0, 2, and 4 in the induction phase [16]. At week 6, those who achieved remis-
sion or response (39 and 62%, respectively) were randomized to maintenance thera-
py with certolizumab 400 mg either every 2 or 4 weeks. The results of this double-
blind, maintenance phase and of other studies are awaited.

Safety of Anti-TNF Therapy

The safety of anti-TNF drugs has been evaluated in clinical studies and in post-mar-
keting surveillance, both in the rheumatology and the IBD setting. An increased risk
of infections is the main safety concern. Upper respiratory and urinary tract infec-
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tions occur commonly with TNF inhibitors but are easily treated. However, more
serious infections, such as pneumonia, tuberculosis, sepsis, opportunistic fungal
infections and viral infections, have been observed following their use. TNF antago-
nists should not be given to patients with an active infection and appropriate screen-
ing for latent tubercular infection is mandatory. Severe hepatic reactions have been
reported, promoting recommendations to screen patients for hepatitis B and C before
anti-TNF therapy is initiated.

Long-term safety data for infliximab are available through the TREAT registry
[17]. An analysis of the registry’s data suggested that the increased risk of serious
infections is due to the severity of CD in these patients and to the concomitant use of
corticosteroids and immunosuppressive drugs. 

The risk of lymphoma and malignancy was not confirmed by the TREAT registry,
and an Italian study showed that the risk of neoplasia in CD patients who had
received infliximab was comparable to that in CD patients never treated with the
drug [17,18]. However, an association between infliximab and adalimumab as well as
with thiopurines and the development of a rare, aggressive form of non-Hodgkin
lymphoma, classified as hepatosplenic T-cell lymphoma, has been reported in young
patients with IBD [19]. 

The formation of antibodies to infliximab may lead to acute and delayed hyper-
sensitivity reactions. The incidence of antibody development can be reduced by
scheduled maintenance therapy, concomitant use of immunosuppressive drugs, and
pre-medication with corticosteroids. Antibody formation has also been reported with
adalimumab, but it was not associated with increased side effects.

Other adverse events associated with the use of anti-TNF agents are skin lesions,
worsening of congestive heart failure, rare hematological events, and new onset or
exacerbation of demyelinating disorders. 

Natalizumab

Natalizumab (Tysabri) is a humanized monoclonal antibody against the α4 integrin
subunit expressed on the surface of leukocytes. The drug therefore prevents leuko-
cyte transmigration across the endothelium into areas of inflammation.

Subsequent to two pivotal placebo-controlled trials showing the efficacy of natal-
izumab in patients with moderate to severe CD [20,21], Sandborn et al. evaluated the
drug in the induction and maintenance of clinical response. In the first of their two
tandem large studies, ENACT-1 and ENACT-2 [22], 905 patients with moderate to
severe CD were randomized to receive an infusion of 300 mg of natalizumab or
placebo at weeks 0, 4, and 8. Similar rates of clinical response and remission between
active drug and placebo were obtained at week 10. The ENACT-2 trial showed that
natalizumab effectively maintains remission. In this study, patients who had respond-
ed to natalizumab in the first trial were randomized to receive natalizumab 300 mg
or placebo every 4 weeks. Patients treated with active drug experienced significant-
ly better response rates at 36 weeks than those receiving placebo (61 vs. 28%).
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Furthermore, among patients previously treated with anti-TNF therapy, maintenance
of response occurred in 54% of patients in the natalizumab group compared to 15%
of placebo-treated patients. 

In the ENCORE study, patients with active CD and elevated serum CRP levels
were randomized to receive natalizumab 300 mg or placebo for a total of three infu-
sions given at weeks 0, 4, and 8 [23]. Natalizumab was significantly superior to
placebo with respect to both the induction of clinical response (48 vs. 32%) and
remission (26 vs. 16%) at week 8, sustained through week 12. A Cochrane
Systematic Review confirmed the efficacy of natalizumab for inducing clinical
response and remission in patients with moderately to severely active CD [24]. 

However, natalizumab was withdrawn from the market in 2005 because of three
reported cases of progressive multifocal leukoencephalopathy (PML), caused by the
JC virus, in patients who concomitantly received immunosuppressive drugs [25].
After an investigation that found no additional cases [26], the FDA approved the rein-
troduction of natalizumab as monotherapy, initially for relapsing forms of multiple
sclerosis under a careful risk management program (TOUCH Prescribing Program)
and later, in 2007, for the treatment of moderate to severe active CD. Therefore,
natalizumab may represent an alternative treatment option with a different mecha-
nism of action for those patients who have failed to respond or who have lost
response or are intolerant to anti-TNF therapy. These patients must be informed of
the rare but mostly fatal risk of PML. 

Other Biological Agents

Other biological therapies in development include agents that target pro-inflammato-
ry and recombinant human anti-inflammatory cytokines, such as a fully human mon-
oclonal antibody that targets the interleukin 12/23 shared p40 subunit (ustekinumab),
monoclonal antibodies to interleukin-12 (ABT-874, CNTO 1275), interleukin- 6
receptors (tocilizumab), and interferon-γ (fontolizumab); monoclonal antibody to 
α4 γ7 integrins (MLN 0002); and antibodies to interleukin-2 receptor (basiliximab,
daclizumab). Other interesting drugs include a fully human recombinant fusion pro-
tein, categorized as second-signal blocker of T-cell activation (abatacept), and gran-
ulocyte-macrophage colony–stimulating factor (sargramostim).
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Introduction

Crohn’s disease (CD) is an inflammatory acquired pathological process of the small
intestine that occurs in adult men and women, with an annual incidence of about 7
new cases in a population of 100,000 [1,2]. This disease has a significant prevalence
in adults between the second and fourth decades of life. It is three times more com-
mon in individuals of Jewish ancestry and least common in blacks. Up to 5% of
those with CD have one or more affected relatives. Despite the partially document-
ed familial pattern of this disease, a pattern of Mendelian inheritance has not been
identified. A slightly higher prevalence of CD has been observed in women. The eti-
ology of CD is unknown but recent advances in our knowledge of the cellular mech-
anisms that sustain gut mucosal inflammation indicate that these patients suffer from
an abnormal immune response to intraluminal microbial flora and/or other potential
immunogens present in the intestinal mucosa [1,3]. For several years, researchers
have reported an increased activity of type 1 helper T cells (TH1), which secrete rel-
evant amounts of interferon (IFN)-γ and interleukin (IL)-2, as a key starting point in
both chronic immune activation and secondary, persistent, mucosal inflammation.
Recent experimental evidence suggests that CD is also sustained by a defective
innate immune response to luminal microbial species. Specif ically, the
NOD2/CARD15 pathway, in which muramyl dipeptides of the bacterial cell wall are
recognized by leukocytes, with subsequent activation of the transcription factor NF-
κB and pro-inflammatory cytokine secretion, could be impaired in CD [4]. In fact,
some NOD2 mutations known to recur in individuals who develop CD are associat-
ed with decreased IL-8, tumor necrosis factor (TNF)-α, IL-6 and anti-inflammatory
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IL-10 secretion by monocytes and dendritic cells. Mutations of NOD2 are also asso-
ciated with defective production of α-defensin by the intestinal mucosa, and thus in
the diminished local anti-microbial defense response. Regulatory T cells (Treg), a T-
cell subset implicated in the maintenance of immune tolerance, have been shown to
contribute to the cure of experimental colitis [5], underpinning their potential patho-
genetic and therapeutic role in inflammatory bowel disease (IBD) in humans.

In this pathogenetic context, stem cell and other cellular-based therapies aimed at
the immune response represent current and promising therapeutic modalities for the
treatment of resistant/persisting cases of CD.

High-Dose Immunosuppression and Hematopoietic Stem-Cell Transplantation

At least 15% of CD patients suffer from a chronic, unremittingly active course of the
disease, and therefore from an impaired health-related quality of life that impacts not
only their employment status but also their mental and physical functioning. The con-
sequence of this chronic alteration of health is a life expectancy at 20 years that is 
< 80% whereas in the normal control population it is about 86%. For patients with
chronic active CD, there is no effective cure. Patients who are steroid-refractory or
steroid-intolerant may have a chance of better disease control by immune modulators
and biological agents, such as infliximab or adalimumab, but the beneficial effects
are tempered by the potential complications of these drugs, such as life-threatening
infections or the development of malignancies. The risk of immunosuppression-relat-
ed complications produced by maintenance treatments may be theoretically over-
come by the induction of intense, high-dose, single-shot immunosuppression
achieved with alkylating agents, total body irradiation (TBI), and anti-thymocyte
globulin (ATG). The accompanying immuno-hematopoietic suppression could be
rapidly rescued by autologous stem cell transplantation, using a treatment modality
similar to that employed in lymphoproliferative disorders or leukemia. In the case of
CD, as in other autoimmune disease such as scleroderma, multiple sclerosis, and sys-
temic lupus erythematosus, immunosuppression by high-dose cyclophosphamide,
TBI, and ATG produces a powerful abrogation of immune effector responses—
including those clones conferring autoreactivity or immune dysregulation– as well as
an immune space where regenerating T/B cells derived from re-infused autologous
stem cells can reconstitute a renewed and controlled response to endogenous and for-
eign molecules [2,6]. In case of an occurrence of overt autoimmune disease, an
oligoclonal repertoire of T-cell effectors is usually seen, as judged by T-cell receptor
analysis. This immune alteration is one of the cellular mechanisms underlying the
prevalent and persistent lymphocyte response to a limited number of endogenous
molecules and, consequently, to the destruction of autologous cells or cell compo-
nents. The accumulated experience on autologous stem cell transplantation after
high-dose immunosuppression by chemotherapy and/or radiotherapy indicates that
the regenerating immune system produces a sequential post-transplant response that
starts with an increase of natural killer (NK) cell regeneration and proceeds with an
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increase in CD4/CD8 cells and then B cells [7]. Subset analysis of regenerating T
cells 3–4 weeks after transplant shows that nascent immune cells have a prevalent
naive profile, with the reduced presence of memory cell elements. This may be the
beginning of renewed modulation of the immune response through a new generation
of T cells and, later, of B cells [6]. Usually, 6 months after autotransplantation,
immune peripheral cell counts return to within normal values and normal
immunoglobulin levels are observed in the peripheral blood of these patients.
Reportedly, after immunosuppression and during brief- and long-term immune-
regeneration, some autografted patients suffering from malignancy and concomitant
autoimmune disease have experienced remission from their autoaggressive disease,
with long-lasting control [8]. From a theoretical point of view, the use of an allograft
after high-dose immunosuppression could provide a radical abrogation of the dysreg-
ulated immune status of patients with autoaggressive disease via immune replace-
ment by donor immunity; however, this approach requires a HLA-matched sibling
donor and produces graft versus host disease (GVHD) in 20–30% of grafted patients,
translating into a high treatment-related mortality. The “autologous” approach, by
contrast, carries the risk of re-infusing autoreactive clones with the graft, despite
possible manipulation of the latter through clinical-scale T-cell depletion prior to re-
infusion; nonetheless, this treatment modality has a transplant-related mortality con-
sistently below 10% for most autografted diseases. On a cellular basis, allogeneic
transplantation has the additional advantage of replacing both antigen-presenting
cells and effector lymphocytic cells by donor cells instead of the sole regeneration of
effector cells, as is the case with autografts from autologous re-infused progenitors.
Hence, although less feasible and more toxic than autotransplantation, allotransplan-
tation may represent a chance of cure for progressive, treatment-refractory autoim-
mune disorders affecting patients within the sixth decade of life. The current practice
in allogeneic transplantation precludes the use of matched unrelated donors or cord
blood in autoimmune disease due to the prevalent and appropriate use of these
sources of stem cells in malignancies, in which allografts are the standard of cure.
This fact translates into a no more than 20% chance to identify matched sibling
donors in the relatives of patients with these acquired immune disorders.
Collectively, the potential occurrence of fatal GVHD and the frequent unavailability
of matched donors render the allograft approach as a “not recommended” treatment
modality in these disorders, albeit of continued interest. In this context, there have
been sporadic observations of clinical remission of CD in some patients with con-
comitant leukemia or other hematological malignancies who underwent allogeneic
transplantation for the cure of their primary disease. This confirms the hypothesis
that replacement of the host immune system by nascent donor immune effectors and
myeloid cells can reconstitute immune tolerance to endogenous gut mucosal compo-
nents, overcoming dysregulation and the loss of tolerance to self-antigens. Available
data on the allogeneic approach confirm that there are no reported cases of allogene-
ic stem cell transplantation performed for the primary treatment of CD. However,
there are some patients reported in the literature who had CD and underwent allo-
geneic transplantation for hematological disorders [9]. Ditschkowski et al. reported a
case series in which 10 out of 11 patients experienced remission from IBD following
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allogeneic transplantation for hematological malignancy, with a median follow-up
time longer than 30 months [10]. Seven out of the 11 patients with IBD had CD. All
patients received cyclophosphamide as part of different conditioning regimens, and
all except two received TBI. There was one transplant-related death at 10 months,
from opportunistic infection. Nonetheless, this study is clearly limited with respect
to furthering our understanding of the effectiveness of allotransplantation to produce
sustained CD control, since all patients evaluable at follow-up had received immuno-
suppressive therapy at that time. Conversely, Lopez-Cubero et al. reported a case
series of six patients with CD who underwent allogeneic marrow transplantation for
leukemia. Four of the patients were free of CD in the absence of immunosuppressive
treatment at a follow-up of more than one year [11]. Collectively, of the 14 reported
cases of allogeneic bone marrow or stem cell transplantation in patients with CD, 11
patients achieved remission during a median follow-up time of 7 years. Of the seven
patients evaluated for CD after immunosuppressive drugs had been suspended, six
remained in remission of CD. Among the 14 patients, two transplant-related deaths
were reported.

At variance with allogeneic transplantation, autologous stem cell transplantation
has been used as primary treatment for CD and for other autoimmune diseases, as
noted above. Particularly, autoimmune disorders, including CD, may benefit from
full immune re-setting of T/B cells by high-dose immunosuppression and autologous
stem cell transplantation. In this case, the patients coincide with the donors of
myeloid/immune precursors, which, in this autologous setting, obviously do not gen-
erate any adverse immune events such as GVHD or graft rejection. Immune-
hematopoietic reconstitution by autologous cells is rapid and the absence of serious
immune events reduces the mortality associated with this procedure to < 5%. Hence,
the theoretical feasibility of this treatment modality is near 100% in patients less than
65 years of age and not benefiting from the availability of a fully matched sibling
donor. A recent report on autologous transplantation in patients with systemic lupus
erythematosus clearly and convincingly demonstrated that autologous transplantation
following high-dose immunosuppression produces the depletion of autoreactive
immunological memory, as reflected by the disappearance of pathogenic anti-double-
stranded DNA antibodies as well as protective antibodies in serum, and a fundamen-
tal resetting of the adaptive immune system. The latter includes the reappearance of

CD31+CD45RA+CD4+ T cells (recent thymic emigrants) with a doubling in absolute
numbers compared with age-matched healthy controls at 3-year follow-up, the regen-

eration of thymic-derived FoxP3+ regulatory T cells, and the normalization of periph-
eral T-cell receptor repertoire usage. Moreover, patients exhibited normalization of
previously disturbed B-cell homeostasis, with recovery of the naive B-cell compart-
ment no later than 1 year after transplantation.

In the context of this biological scenario, a significant number of patients with
refractory or progressive CD treated by high-dose immunosuppression and autolo-
gous stem cell transplantation have been reported in the recent literature, including
19 patients who had both CD and autologous transplantation. These patients had pre-
viously failed standard medical treatment including infliximab. The first case was
reported in 1993 [12]. Although the follow-up period was short, the patient main-
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tained remission from CD at 6 months. Three additional patients who underwent
transplantation for concomitant malignancies also remained in clinical remission.
Recently, Oyama and colleagues reported 12 patients with refractory CD who
received autologous hematopoietic cell transplantation [13]. All of these patients had
failed standard medical treatment, including infliximab, and had a minimal Crohn’s
disease activity index (CDAI) ≥ 250. Autologous stem cell mobilization was obtained
by cyclophosphamide and filgrastim, conditioning was accomplished by cyclophos-
phamide and equine ATG, and peripheral blood stem cells were T-cell depleted. After
a median follow-up of 18.5 months, 11 of 12 patients had continuous remission of
their disease (CDAI ≤ 150). One patient experienced a relapse of CD at 15 months
post-transplantation. All patients tolerated transplantation well in the absence of
transplant-related deaths. Collectively, 18 out of 19 patients obtained clinical remis-
sion over a median follow-up time of 20 months. Only two patients were on any
ongoing medications, again suggesting that autologous transplantation results in CD
remission without any need for continued medications. To date, there has been no
mortality linked to transplant-related complications.

T-Cell Regulation by Growth Factors and Immune-Regulatory Cell Therapies

Functionally and phenotypically heterogeneous Treg cell populations have been

recently described in animals and in humans. CD4+CD25+ cells, also referred to as
naturally occurring Treg cells, are the most thoroughly characterized Treg cell sub-
set. Naturally occurring Treg cells express the FoxP3 transcription factor and sup-
press pathogenic T cells through a cell-contact-dependent mechanism [14]. The
expression of surface membrane transforming growth factor (TGF)-β may contribute
to the regulation of undesired T-cell responses by naturally occurring Treg cells. Very
recently, a previously unappreciated ability of Treg cells to kill B lymphocytes was
reported, suggesting that defects in the Treg compartment favor the expansion of
antibody-producing B-cell populations and thus contribute to autoimmune phenom-
ena [15].

Functionally specialized subsets of CD4+ T cells regulate intestinal immune
responses [16]. For instance, CD4+CD25+ Treg cells can prevent disease in the T-cell
transfer model of colitis. The same population of CD4+CD25+ Treg cells can cure
established colitis, suggesting that these cells can be therapeutically exploited in the
treatment of human IBD. The human disease IPEX (immune dysregulation, polyen-
docrinopathy, enteropathy, X-linked syndrome) is characterized by severe enteropa-

thy, underscoring the importance of CD4+CD25+Foxp3+ Treg cells in the control of
destructive intestinal immune responses. Type 1 Treg cells (Tr1 cells) have also been
shown to protect from autoimmune and inflammatory diseases, including experimen-

tal colitis. At variance with CD4+CD25+ Treg cells, Tr1 cells lack unique surface
markers and can be operationally defined by their ability to release IL-10 and to sup-
press pathogenic T cells through a cell-contact-independent mechanism.

CD4+CD25+Foxp3+ Treg cells can be visualized in the colonic lamina propria of
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normal mice, suggesting a role for these cells in the prevention of aberrant respons-
es to harmless intestinal antigens. They also accumulate in the intestine during cure

of experimental colitis, where they are in close contact with CD11c+ dendritic cells
(DC). These studies suggest that Treg cells require interaction with colonic DC for
their activation or expansion, or that they act on colonic DC to modulate their expres-

sion of pro-inflammatory cytokines or costimulatory molecules. Surprisingly, Foxp3+

Treg cells have been shown to be over-represented in the lamina propria of IBD
patients compared with healthy controls. This indicates that chronic intestinal
inflammation is a result of impaired Treg function or the resistance of pathogenic
effector cells to Treg-mediated suppression, in accordance with previous findings in
other autoimmune/inflammatory conditions such as rheumatoid arthritis.

Based on pre-clinical studies, several theoretical approaches with the aim to
restore Treg number and/or function in human IBD can be envisaged, including vac-
cination with tolerogenic DC [17], infusion of ex-vivo-expanded Treg cells [5], and
administration of individual growth factors with the ability to foster Treg differenti-
ation in vivo [18] (Fig. 13.1). DC were thought to be mainly involved in the initia-
tion of autoaggressive T-cell responses. More recently, a role for DC in mediating
peripheral T-cell tolerance has emerged [19]. Specifically, growth factors such as 
G-CSF (granulocyte colony-stimulating factor) [20], HGF (hepatocyte growth factor)
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Fig. 13.1 Theoretical approaches to immune-based therapies in human inflammatory bowel disease
(IBD). Dendritic cell (DC) preparations for tolerance induction have been generated in vitro with
growth factors and cytokines, including G-CSF, HGF, and VIP. When administered to mice with
experimental colonic inflammation, tolerogenic DC have shown therapeutic potential, inducing
IL-10-secreting Treg cells with suppressive activity against colitogenic T cells [17]. Either fresh-
ly isolated or in-vitro-expanded Treg cells have been reported to ameliorate colitis [5], suggesting
that the restoration of Treg numbers and/or function has therapeutic potential in human IBD



[21] and VIP (vasoactive intestinal peptide) [17] have been shown to differentiate
tolerogenic DC preparations both in vitro and in vivo, suggesting that vaccination
with tolerogenic, in-vitro-differentiated DC can be of therapeutic benefit in inflam-
matory/autoimmune conditions.

Several recombinant human growth factors have been reported to affect the num-
ber and/or function of Treg cells. For instance, G-CSF differentiates human Tr1 cells,
with a remarkable ability to produce bioactive IL-10 [22]. This has been recently
applied to the treatment of human IBD. A 28-day treatment with G-CSF skewed the
immune response towards a regulatory profile in nine patients with CD [18]. During
the G-CSF treatment period, six patients reported improvement in their CDAI score,
achieving a clinical response (4 patients) or remission (2 patients). IL-10 production
from memory T cells was significantly higher in the group of G-CSF-responders than
in non-responders, suggesting in vivo polarization towards a Tr1-like phenotype.

Also, plasmacytoid DC, defined as CD123+ cells, were over-represented in G-CSF-
responders compared with non-responders, both in the peripheral blood and in the

lamina propria [18]. Finally, a non-significant increase in CD25+FoxP3+ cells in the
lamina propria of responding patients at the end of G-CSF treatment was also docu-
mented. This interesting study provides convincing proof of principle in favor of the
immune modulatory effects of human cytokines that could be exploited to achieve
better cure rates for patients with IBD through their effect on the Treg cell compart-
ment.

TNF-α antagonism has been reported to foster Treg cell number and function in
pediatric IBD [23]. This potentially useful effect has been attributed to the reversal
of inhibitory actions of TNF-α on FoxP3 expression by Treg cells [24]. TNF block-
ade with infliximab may restore Treg cell numbers also in adult patients with CD
(Rutella S, Bonanno G, Guidi L; unpublished observations; 2009), pointing to TNF-α
as a multifaceted target for molecularly based therapeutic approaches.

Tissue Engineering by Mesenchymal Stem Cells in Crohn’s Disease
Complications

Mesenchymal stem cells (MSC), as defined by The International Society for Cellular
Therapy, are plastic-adherent cells with a specific surface phenotype that have the
capacity to self-renew and to differentiate into cell types of mesodermal, ectodermal,
and endodermal origin [25]. The ability of MSC to differentiate into these cell types
results in a wide range of potential therapeutic applications. MSC were initially iso-
lated from the bone marrow but other tissue sources have since been investigated,
including adipose tissue and placenta. The biological characteristics of MSC are also
exhibited by umbilical cord matrix stromal cells (UCMSC), which are derived from
umbilical cord Wharton’s jelly, the loose connective tissue surrounding the umbilical
vessels. UCMSC can be easily collected from umbilical cords obtained from either
vaginal delivery or caesarean section, and easily isolated and expanded in culture.
These cells can be transplanted across major histocompatibility complex (MHC) bar-
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riers without immune rejection, allowing a single production run to be used for mul-
tiple patients and numerous clinical sites. The capacity of UCMSC to maintain their
expansion and differentiation potential even after cryopreservation permits their
banking. Other readily accessible sources are human subcutaneous adipose tissue

depots, which constitute a potential source of adipose-derived, multipotent MSC and
hold promise for a range of therapeutic applications. Cells used for regenerative

medicinal applications should meet the following criteria:
1. they must be found in abundant quantities (millions to billions of cells);
2. they must be harvested by a minimally invasive procedure;
3. they must differentiate along multiple cell lineage pathways in a regulatable and

reproducible manner;
4. they must be safely and effectively transplanted to either an autologous or allo-

geneic host;

5. they must be manufactured in accordance with current Good Manufacturing
Practice guidelines. 
Management of fistulas in patients with CD continues to present an extremely

challenging problem, because they often do not respond to currently available treat-
ments. Fistulas and their recurrence are a distressing complication that significantly
reduces the quality of life of affected patients. The failure of fistulas to heal is prob-
ably the result of the suboptimal quality of the tissues affected by CD. Administration
of MSC has been reported to be of therapeutic value in patients with CD. 

In a phase I clinical trial [26], the feasibility and safety of autologous adipose
stromal stem cell transplantation for the treatment of unresponsive Crohn’s fistulas
were evaluated in four patients. From a phenotypical standpoint, MSC expressed
vimentin, CD117, and CD90 but stained negatively for neuroectodermal antigens
such as S100 protein and keratin. This is the first clinical trial to use autologous stem
cells obtained from a lipoaspirate. The patients were selected according to the fol-
lowing inclusion criteria: older than age 18 years; diagnosis of CD at least 5 years
before the trial; and presence of one or more complex Crohn’s fistulas (enterocuta-
neous fistula, suprasphincteric fistula, and/or rectovaginal fistula) that had been
unresponsive to medical treatment and unsuccessfully treated by classic surgery at
least twice. Adipose-tissue-derived autologous MSC were obtained by liposuction
under local anesthesia and general sedation. For clinical purposes, the cells were
used after three or fewer in vitro passages, and for subsequent injections they were
cryopreserved and thawed before implantation. The trial showed the complete histo-
logical healing of 75% of patients undergoing this treatment, indicating that these
cells are safe for the treatment of fistulas in CD. Moreover, because the cells were
autologous, no ethical conflicts were identified by the Ethics Committee.

A preparation for intravenous infusion of bone-marrow-derived MSC
(Prochymal) has been recently developed at Osiris Therapeutics Inc
(http://www.osiristx.com/products_prochymal.php) [27]. In a prospective, random-
ized, open-label phase II clinical trial, patients with moderate-to-severe CD who
failed previous treatments with steroids, infliximab, and other immune-suppressive
regimens received two intravenous injections of MSC. Clinical improvement
occurred rapidly, with an average CDAI reduction of 62 points by day 7 of treatment.
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MSC therapy was well tolerated and no severe adverse events were attributed to
Prochymal. The FDA has recently allowed Prochymal to proceed to a phase III clin-
ical trial. After the approval of Prochymal for GVHD, treatment of CD with
Prochymal is the second indication to MSC therapy.

These results provide convincing proof of principle favoring the immune regula-
tory effects of MSC and strongly encourage the design of further clinical trials [28].

Concluding Remarks and Future Perspectives

Cell and stem-cell therapies offer new opportunities for therapeutic intervention in a
wide series of human diseases, including cancer, autoimmune disease, and chronic
inflammatory conditions. These approaches may be classified in two categories: (1)
cell transfer of immune-active effectors or cells with regenerative capacity from
autologous or allogeneic sources, and (2) modulation and/or reactivation of immune
and/or regenerative functions by resident cell effectors.

As described in this chapter, patients with CD may benefit from both approaches
through the reactivation of specific cell functions [2]. Specifically, hematopoietic
cells and MSC may determine tolerance induction to autologous gut cell determi-
nants or the regeneration of lost tissues, respectively, in progressive CD and in CD
complications. Moreover, the induction of tolerance by T-cell regulation may occur
through resident T-cell polarization following the systemic administration of growth
factors or the infusion of clinical-grade preparations of MSC, which evoke a regula-
tory profile in relevant cell effectors. Further biological and clinical research in this
field will hopefully define the effectiveness of transplant and non-transplant stem-
cell and cell therapies in CD and other autoimmune diseases in the near future.
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Surgical Treatment
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Introduction

Surgery for Crohn’s disease (CD) has changed considerably during the past 10 years
as a result of the introduction of new models in medical therapy. Despite these
advances, even conservatively minded physicians have needed to resort to surgical
treatment for 70–90% of patients with CD. Since the disease is incurable, the indi-
cations for surgery remain relatively straightforward: failure of medical management
and complications of the disease process. Surgery is considered by many gastroen-
terologists as a last resort and reserved essentially for patients in whom medical
therapy has failed. However, this carries an increased risk for the patients, because
the disease can become more complicated [1]. For this reason many surgeons opt for
the elective surgical treatment of CD, advising early resection because of the fear
that a delayed approach is associated with serious and frequent complications. It
should be pointed out that early surgery prolongs clinical remission compared to late
surgery, but the surgical recurrences and the natural history of the disease are not
modified.

Small-Bowel Disease

Indications

The failure of medical management remains the most common indication for surgery
in most series of patients with CD of the small bowel. Failure is defined by: (1)
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symptoms that cannot be controlled or which progress despite medical treatment, (2)
increased number of side effects of the drugs, (3) inability of the patient to maintain
compliance with a medical regimen. The extraintestinal manifestations of CD are
another indication for surgery and may occur in as many as 25% of these patients [2].
Disorders of the skin, mouth, eye, and joints are common in CD and tend to parallel
intestinal disease activity. As such, surgical resection of the diseased bowel tends to
ameliorate these manifestations as well. Hepatic, vascular, hematologic, pulmonary,
cardiac, and neurologic extraintestinal manifestations usually proceed independently
from the intestinal disease. Biliary and urinary lithiases are complications due to
altered intestinal absorption, and can be improved by surgical resection.

Intestinal obstruction represents a frequent complication of small-bowel CD.
Acute obstruction can occur due to a primary stricture or series of strictures. Healthy,
non-diseased bowel may be mechanically obstructed as part of an inflammatory mass
or fistula. Acute obstructions are more likely to be the result of active inflammation
and will often resolve with medical management. Conversely, chronic obstruction,
which is usually the result of a fixed fibrostenotic lesion, tends to require surgical
management. Surgery usually involves a resection of the diseased segment, but other
options include intestinal bypass, ileostomy, and strictureplasty. Fistulas with associ-
ated abscess or stricture are another common complication of small-bowel CD that
requires surgery. In a study of 1379 patients, Michelassi et al. found fistulas in 35%
of surgically managed patients. However, fistula was the primary surgical indication
in only 6.3% of these patients [3]. Enteroenteric fistulas are the most common type
of fistula and may be relatively asymptomatic unless a large segment of intestine is
bypassed or complications of obstruction arise. Broe et al. [4] published that 40% of
patients with fistula, initially managed non-operatively, eventually required surgery
within 1 year, usually secondary to medical intractability. The surgical management
of enteroenteric fistulas generally involves resection of the primary site that has
active disease, and simple debridement and primary closure of the secondary site,
which is usually normal. Enteral fistulas to the vagina and urinary bladder often
require surgery, with treatment following principles similar to those of primary site
resection with repair of the secondary site. 

Enterocutaneous fistulas deserve special mention as they will occasionally
respond to medical therapy. The most promising trials to date have evaluated the use
of infliximab [5,6]. Patients with short fistula tracts, exposed bowel mucosa, and
high outputs will generally require operative intervention, but this should be delayed
until the patient’s health and nutritional status have been optimized. 

The life-time risk for developing an abscess in CD is estimated to be around 25%
[7]. Radiographic techniques can be used to drain abscesses percutaneously. Howev-
er, some controversy exists as to whether abscesses must eventually be followed up
with surgical resection of the associated diseased bowel. One study has shown that
percutaneously drained abscesses recur more frequently than those that are surgical-
ly drained abscesses (56% vs. 12% respectively) [8]. However, Gutierrez and colleagues
showed, in a study of 66 patients, that only one third who underwent percutaneous
drainage of an abscess required surgery at 1-year follow-up [9]. Certainly, if an ab-
scess contains enteric fluid, it is less likely to resolve without surgical resection.

R.Tersigni144

14



Other less common indications for surgery in small-bowel CD include perfora-
tion, bleeding, and cancer. Free perforation is associated with a high mortality if not
treated and surgical management should involve resection rather than repair [10].
Massive hemorrhage due to CD is a rare indication for surgery. Other, more common
sources of bleeding, such as peptic ulcer disease or diverticulitis, must be actively
ruled out. Adenocarcinoma of the small intestine, while rare, is increased 12- to 60-
fold compared to the general population [11]. Prognosis is generally poor due to the
often advanced stage of disease at the time of diagnosis. Mortality rates at 1 or 2
years have been reported to be 30–60%. 

Surgical Strategy

Intestinal resection is the most commonly performed surgical procedure for small-
bowel CD. In general, the nature and natural history of CD has resulted in a surgical
philosophy of conservatism. Recurrence rates tend to increase with the passage of
time and these patients may eventually require multiple resections, each increasing
the risk of short-bowel syndrome and its associated metabolic morbidities. Of note,
Glehen et al. reported that CD patients start out with a shorter bowel than the normal
population [12]. The surgeon should consider the decision very carefully before
advising further resection for patients who have already lost part of their small
bowel. However, patients can survive in reasonably good health with only 1 m of
upper small bowel when resection of the gut is done in stages and if the small bowel
has been anastomosed to the right or transverse colon.

A number of studies have investigated whether certain technical factors, includ-
ing resection margin and configuration of the anastomosis, influence the rate of
recurrence. Two retrospective studies suggested that “radical” resection resulted in a
much lower rate of resection and better quality of life. Krause and colleagues stud-
ied 186 patients with margins of uninvolved bowel of < 10 cm or > 10 cm (a radical
resection). They reported a 31% recurrence rate and better quality of life with radi-
cal resection compared to an 83% recurrence rate in the other group [13]. Softley and
colleagues used a 4-cm histological margin and found that impingement on this mar-
gin resulted in a ten-fold increase in recurrence [14]. However, the best available evi-
dence that large resection margins do not decrease the rate of recurrence is based on
a study performed by Fazio [15], in which 131 patients were randomized to resection
with margins of either 2 cm of uninvolved bowel (75 patients) or 12 cm (56 patients).
Although the rate of recurrence was lower in the group with more extensive resection
(25 vs. 18%), this difference did not achieve statistical significance. In Fazio’s study,
grossly normal resection margins were used. Hamilton and colleagues studied the
role of frozen-section examination of the bowel wall at the resection margins during
surgery and found there was no difference in reoperation or recurrence rates in
patients with disease-free margins that were detected histologically or grossly [16].
For CD confined to the ileocecum, limited resection is performed as a means of
achieving remission for patients with obstructive symptoms [1]. There is good evi-
dence that extensive resection is no longer necessary and potentially dangerous. The
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actual trend is to leave microscopic diseased bowel behind. The risk of short-bowel
syndrome is now lower than in the past, and the main cause is multiple operations
within a short time span rather than multiple operations over several years for recur-
rent disease. After intestinal resection, there is a 50% chance that the operated patient
will never need to undergo another surgical treatment.

In the presence of active disease with a concomitant abscess, there are three
options: (1) percutaneous drainage and delayed resection in patients with obstructive
symptoms, (2) percutaneous drainage and medical treatment in the absence of
obstruction, and (3) medical treatment followed by resection in patients unfit for per-
cutaneous drainage [1].

The type of anastomosis performed in small-bowel resections has also been spec-
ulated to affect recurrence rates. Since fibrostenotic disease is a clinical phenotype
of CD, as described by the Vienna Classification [17], it was thought that the larger
lumen of a side-to-side anastomosis would be less likely to obstruct and require re-
operation [18]. Stapled anastomoses have been reported to be associated with lower
morbidity and recurrence rates [19]. However, certain circumstances seem to clearly
favor hand-sewn anastomosis, particularly when the thickened (but grossly disease-
free) bowel that is joined exceeds the specifications of a bowel stapler [20].

Recently, Simillis et al. [21] carried out a meta-analysis of anastomotic configu-
ration in CD as reported in two randomized and six non-randomized studies, with a
total of 712 anastomoses, of which 53.8% were hand sewn end-to-end and 46.2% had
other configurations (stapled side-to-side, end-to-side, side-to-end, and stapled end-
to-end). The end-to-end anastomosis showed the higher rate of anastomotic leak.
Side-to-side anastomoses may lead to fewer postoperative complications, shorter
hospital stay, and fewer perianastomotic recurrences. Stapled or hand-sewn wide
lumen (at least 5 cm) functional end-to-end anastomoses are actually the preferred
technique, but further randomized, controlled trials should be performed.

Recurrence rates following resection remain high and although not all sympto-
matic recurrence requires surgery, it has been reported that surgical re-intervention
occurs in 25–35% of patients at 5 years and 40–70% at 15 years [22]. However, sev-
eral trials have been done to evaluate patient and disease factors as well as medica-
tion regimens, which may decrease recurrence. Yamamoto et al. recently published a
comprehensive systematic review of factors affecting CD recurrence after surgery
[23]. They concluded that the cessation of smoking seems to be the most consistent
factor in reducing recurrence. While several other factors (including 5-ASA use,
immunosuppressant drugs, wider anastomosis, and disease duration) may affect
recurrence rates, further studies are still required. Post-surgical recurrence in CD is
still largely unpredictable. 

When preservation of intestinal length is an issue, strictureplasty represents an
alternative to resection and can reduce the risk of short-bowel syndrome. Indications
for strictureplasty include short fibrous strictures, diffuse involvement of the small
bowel involving multiple strictures, a stricture in a patient with short-bowel syn-
drome or a history of multiple prior small-bowel resections, patients with a rapid
recurrence of CD manifested as obstruction, or patients with duodenal involvement.
Conventional strictureplasties should not be done in patients with multiple strictures
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within a short bowel segment, a long (≥ 20 cm) stricture, or stricture close to a site
of resection [3]. The largest strictureplasty experience published to date comes from
the Cleveland Clinic, in which 698 strictureplasties were performed in 162 patients
[24]. The authors of that study cited a recurrence rate at 5 years of 28%, which is
similar to published rates of recurrence following resection. In addition to relieving
obstruction, there have been reports of disease regression at sites of strictureplasty
[25]. Indeed, in the Cleveland Clinic series, documented recurrences only occurred
at the previous strictureplasty site in 5% of the patients [24]. Fearnhead and col-
leagues recently published a long-term follow-up of 479 strictureplasties in 100
patients [26]. Over a mean follow-up of 85 months, overall morbidity was 22.6%,
with septic complications (leak, fistula or abscess) occurring in 11.3%. Obstruction
occurred in 4.4% of patients while perioperative mortality was 0.6%. Although
bleeding from strictureplasty sites was previously cited as a potentially serious prob-
lem due to the presence of a suture line in the diseased bowel, the incidence of gas-
trointestinal bleeding was only 3.8%. 

In the ECCO statements [1], conventional strictureplasties (Heinecke-Mikulicz,
Finney) are indicated when the length of the stricture is < 10–20 cm.  For longer
strictures, the alternative to resection, in selected patients, are the so-called uncon-
ventional strictureplasties, i.e., a side-to-side intestinal anastomosis without resec-
tion [27-30]. Michelassi noted that in patients with closed multiple strictures or long
and rigid stenosis conventional strictureplasties may not be technically feasible [28].
Besides, Finney strictureplasty may be associated with a large lateral diverticulum
with bacterial overgrowth. Michelassi also reported a side-to-side isoperistaltic stric-
tureplasty in patients with extensive partial intestinal obstruction.

One disadvantage of strictureplasty is that a malignancy of the bowel can be
missed. Several case reports have been published of adenocarcinoma arising from
CD-related stricture sites. To avoid missing a cancer in a longstanding stricture, it has
been suggested that full-thickness biopsies should be taken for frozen section to aid
the surgeon in the decision to perform either strictureplasty or resection [31]. 

Two recent meta-analyses concluded that strictureplasty represents a safe and
effective procedure for small-bowel CD, and it has the advantage of protecting
against further small-bowel loss [25,32]. Patients with CD undergoing strictureplas-
ty alone may have fewer postoperative complications than those undergoing a con-
comitant bowel resection; however, surgical recurrences may be higher following
strictureplasty than following resection. In patients with multiple strictures in a short
segment of the small bowel but who are not at risk for short-bowel syndrome, it is
preferable to perform a resection. Phlegmon, abscess, fistulating disease, carcinoma,
and active bleeding are contraindications for strictureplasty.

Other surgical options for the treatment of small-bowel CD include bypass oper-
ations or ileostomy. Bypass operations have largely been abandoned due to the risk
of malignancy and continued disease activity. An ileostomy may be required when
enteric anastomosis is unsafe (sepsis, unstable patient, severe malnutrition, chronic
immunosuppression) or when small-bowel resection is done in conjunction with
colonic or rectal resection.
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Notes on Surgical Techniques

Strictureplasty

The presence of stenosis must be carefully assessed by observation and palpation.
The intestinal lumen size may be evaluated using an 18-F catheter or by the fingers
of an expert surgeon. The type of strictureplasty, described in the following, depends
on the stricture’s characteristics.
1. Heineke-Mikulicz strictureplasty. This technique is used for a short stenotic tract

(< 10 cm). An antimesenteric incision is made in the anterior wall of the small
bowel. Traction sutures are placed through the proximal and distal corners of the
incision. All active bleeding points should be carefully controlled. The longitudi-
nal incision is converted to transverse closure by 4-0 interrupted absorbable
sutures (Fig. 14.1). Heineke-Mikulicz strictureplasty is successfully used in case
of duodenal stenosis as an alternative to by-pass procedure or resection.
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Fig. 14.1 Heineke-Mikulicz strictureplasty. (a)
Small bowel stricture (≤ 10 cm), (b) single
strictureplasty, and (c) multiple strictureplas-
ties
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2. Finney strictureplasty. This procedure is used for longer stenoses (10–20 cm).
After an antimesenteric longitudinal incision, the opened bowel segment is bent
into a U shape and posterior and anterior layers are closed with continuous 4-0
absorbable sutures (Fig. 14.2).

3. Fazio and Tijandra strictureplasty. This technique is used for two closed stric-
tures. A long longitudinal antimesenteric incision is transversely closed with the
Heineke-Mikulicz and the Finney techniques (Fig. 14.3).

4. Michelassi strictureplasty. Multiple strictures, up to 90 cm long, can be treated
with this technique. After the intestinal transection and sliding of the proximal
and distal intestinal loops, the loops are approximated in a side-to-side isoperi-
staltic fashion by a layer of non-absorbable stitches. A longitudinal enterotomy is
performed and the intestinal ends are spatulated. A formal two-layer enteroen-
terostomy is then done with non-absorbable sutures (Fig. 14.4).
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Fig. 14.2 Finney strictureplasty. (a) Small-bowel stricture (10-20 cm), (b) U-shaped long antime-
senteric incision, (c) continuous 4-0 absorbable sutures
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5. Poggioli and Taschieri strictureplasty. This is a side-to-side, disease with disease-
free anastomosis. Poggioli and Taschieri independently described a side-to-side
enterocolic anastomosis in patients with disease involving the terminal ileum and
or the ileocaecal valve (Fig. 14.5).

6. Jaboulay, Judd, Moskel-Walske, Neumayer, Sasaki strictureplasty. New models of stric-
tureplasty have been published in the last years by many surgeons (Figs. 14.6–14.8).
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Fig. 14.3 The Fazio-Tjandra strictureplasty is a combination of the Heineke-Mikulicz and Finney
procedures used in strictures up to 20 cm in size

Fig. 14.4 Michelassi
strictureplasty
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Fig. 14.6 Jaboulay strictureplasty. The loop of the stenotic intestine is positioned in a U shape. Two
separate incisions are made in healthy facing sections

Fig. 14.5 Poggioli and Taschieri strictureplasty



Resection of the Small Intestine 

A median incision is often used. The involved loop of intestine is mobilized careful-
ly from the peritoneal cavity. The intestinal wall should be resected 5 cm beyond the
grossly involved area between two applicants of the gastrointestinal anastomosing
(GIA) instrument. Two double staggered staple lines seal the small bowel. The resec-
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Fig. 14.7 Judd stricture-
plasty. This procedure is a
modification of the
Heineke-Mikulicz stric-
tureplasty, used when a
fistula is present in a
short-segment stenosis

Fig. 14.8 Moskel-Walske-
Neumayer strictureplasty.
This technique is used in
case of intestinal dilata-
tion, when a Heineke-
Mikulicz procedure can
result in excessive suture-
line-tension strictureplas-
ty

a
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tion should not extend into the base of the mesentery and pulsating vessels are pre-
served to nourish the residual intestine. In case of an end-to-end anastomosis, a sin-
gle layer of interrupted or continuous 4-0 absorbable sutures is made and the mesen-
tery is approximated with continuous or interrupted 4-0 absorbable sutures. At the
end, the patency of the stoma is tested manually, with the fingers. Based on the prin-
ciple of triangulation, an end-to-end anastomosis can be created with three applica-
tions of the transverse anastomosis (TA) stapler. An alternative method of lateral
anastomosis may be used. After division of the bowel, a row of continuous or inter-
rupted 4-0 absorbable sutures is placed in the external layer. The bowel wall is
incised close to the suture line. The posterior layer is closed with continuous or inter-
rupted sutures. The anterior layer is closed with inverting stitches and the anterior
serosal layer with interrupted or continuous sutures. A mechanical end-to-end func-
tional anastomosis can be constructed using traction sutures and approximating the
antimesenteric borders of the bowel. One fork of the GIA instrument is inserted into
each lumen of the bowel segments after which the staples are released and an entero-
enterostomy is created. The common opening of both ends of the small bowel is
closed with the linear stapler. 

Ileocolic Resection 

A midline, or right paramedian, or right transverse, or Pfannenstiel incision provides
excellent exposure (Fig. 14.9). The inflammatory lesion is inspected and palpated.
The entire small bowel should be examined for skip lesions. In high-risk patients
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Fig. 14.9 Abdominal incision for
ileocolic resection



with extensive involvement, it may be advisable to perform a bypass by constructing
an ileocolostomy. Two tractions sutures approximate the antimesenteric border of the
ileum and the transverse colon. A 1-cm stab wound is made. The lumen of the bowel
and the two forks of the linear stapler are closed and the staples are released, taking
care to overlap the ends of the previous staple lines. A bypass with unilateral exclu-
sion with division of the small bowel proximal to the lesion and closure of the distal
open end should also be considered. If an ileocolic resection is planned, with the lat-
eral peritoneal attachment and the hepatocolic ligament divided, the large bowel is
lifted medially. Care is taken to identify the right ureter and the third portion of the
duodenum. The right colon and the terminal ileum are brought outside the peritoneal
cavity. The mesenteric vessels are severed and tied; the colon and the diseased ileum
prepared for resection 5 cm away from the macroscopic disease. The extent of the right
colectomy should vary according to the degree of disease spread into the large bowel.
If the disease terminates close to the ileocecal valve, it is perfectly satisfactory to take
the distal line of the resection through the caecum. The stumps are closed with two
applications of the linear stapler. If an end to side repair is used, the end of the colon
is closed by continuous or interrupted suture or by a mechanical suture, reducing the
possibility of contamination. If a side-to-end anastomosis is preferred, the closed
stump of the small intestine is brought to the open end of the large bowel. In side-to-
side anastomosis, the small intestine is brought up adjacent to the anterior taenia of the
colon, a posterior serosal layer of continuous or interrupted sutures is placed; an open-
ing is made into the large and the small intestine; posterior and anterior layers are start-
ed; and an anterior serosal suture completes the anastomosis (Fig. 14.10). 
A mechanical side-to-side enterocolostomy can be performed with the linear stapler.
After the forks are inserted into the lumen of each bowel segment and the tissue
edges aligned, the instrument is closed and the staples released. The ends of the pre-
vious staple lines must be overlapped. A direct end-to-end anastomosis can be select-
ed. The discrepancy in the size of the terminal ileum and the colon can be safely
overcome by enlarging the oblique division of the terminal ileum and by going slight-
ly deeper into the colonic side (Fig. 14.11). If a functional end-to-end anastomosis is
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Fig. 14.10 Hand sewn side-to-side ileocolic anastomosis (a, b)
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planned, a hand-sewn or mechanical anastomosis can be carried out. In case of a
mechanical procedure, a 100-mm linear stapler is inserted into each lumen after
approximation of the antimesenteric borders of the bowel. Two double-staggered sta-
ple lines join the small and the large bowel and the knife creates the stoma. It is
important to inspect the anastomotic staple lines for hemostasis, prior to incorporat-
ing the common opening within the jaws of the linear instrument (Fig. 14.12). A two-
stage resection can be performed in high-risk patients, the lateral anastomosis
between the ileum and the colon having been performed as during the first stage.

Large Bowel

Indications

Crohn’s colitis occurs in approximately one-quarter of patients although colonic dis-
ease is most frequently seen in conjunction with terminal ileal disease. As with
small-bowel CD, the indications for surgery in colonic CD can be grouped into com-
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Fig. 14.11 Hand sewn end-to-end ileocolic anastomosis. (a) Oblique division of the ileum over-
comes the discrepancy in the size of the terminal ileum and the colon; (b) direct one- or two-layer
anastomosis



plications of the disease and failure of medical therapy. Indications specific to
colonic disease include the development of dysplasia or colorectal cancer and toxic
colitis. The treatment of obstruction and fistula of the colon may differ from that in
small-bowel disease. Obstruction from colonic strictures may be present in as many
as 17% of patients with Crohn’s colitis. 

All colonic strictures should be endoscopically biopsied, as 7–10% may contain
malignancy. Despite earlier studies suggesting that the risk of colorectal cancer is
lower than that seen in ulcerative colitis (UC), the current literature reports that the
risk is equivalent. Maykel et al. published a retrospective analysis of 222 patients
who underwent resection for colonic CD [33]. Five cases of dysplasia (2.3%) and six
of adenocarcinoma (2.7%) were identified. Of note, in only three cases of dysplasia
and one of adenocarcinoma was the abnormality identified preoperatively. Older age
at diagnosis of CD, duration of disease (> 8 years) and extent of disease (pancolitis)
are risk factors for the development of dysplasia or cancer. As with UC, in colonic
CD surgery is indicated for a proven malignancy, high-grade dysplasia, or a dyspla-
sia-associated lesion or mass (DALM), but the diagnosis and management of low-
grade dysplasia is still controversial. A recent Cochrane review suggested that sur-
veillance endoscopy does not necessarily improve survival despite the earlier detec-
tion of cancers [34]. Nonetheless, current recommendations for surveillance in
Crohn’s colitis mirror those for UC. 

Fistulous disease can also occur with CD. However, it is important when assess-
ing fistulas involving the colon to determine the primary site of the fistula. The
colonic mucosa should be endoscopically evaluated. Enterocolonic fistulas are often
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Fig. 14.12 End-to-end functional ileocolic anastomosis. (a) Hand sewn end-to-end functional anas-
tomosis; (b) A 100-mm linear stapler is inserted into the ileal and colic lumen and the staples
released
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a result of primary small-bowel disease with the colon only secondarily involved. In
these circumstances, it is generally preferable to debride the colonic side of the fis-
tula and close the defect rather than perform a colonic resection. Despite the intro-
duction of new medical therapies such as infliximab, 50–75% of patients with
colonic fistulas will require surgery. 

Toxic colitis in CD has a similar presentation to that in UC. Operative indications
include perforation, lack of improvement with medical management, fulminant coli-
tis, massive hemorrhage, and hemodynamic instability. As with UC, the most com-
mon procedure for toxic Crohn’s colitis is colectomy and end ileostomy. 

Surgical Strategy

The extent of resection in patients with only segmental colonic disease is a subject
of some debate. A recent meta-analysis of six studies encompassing 488 patients sug-
gested that there is no significant difference in overall recurrence rate, complica-
tions, or need for permanent stoma between segmental colectomy and total abdomi-
nal colectomy with ileorectal anastomosis, but the time to recurrence was longer in
the total abdominal colectomy group by 4.4 years [35]. This is in contrast to previ-
ous studies suggesting that a more extensive procedure (total abdominal colectomy)
was associated with a higher recurrence. Bernell published a review of 833 patients
and found the 10-year recurrence rate of total abdominal colectomy and ileorectal
anastomosis to be 58%, compared to 47% in the segmental colectomy group [36].
Another study found similar recurrence rates in both groups, but better functional
outcomes in the segmental colectomy group [37]. In patients with diffuse colitis and
proctitis, patients who underwent total proctocolectomy had less medication use 1
year after operation than patients who were treated by total abdominal colectomy or
segmental colectomy [38]. For disease of multiple localization, the treatment of
choice is colectomy but some authors have proposed separate segmental colic resec-
tions as an alternative [37]. Tekkis suggested that more extensive resection, such as
total abdominal colectomy, may be more appropriate when two or more segments of
colon are diseased [35]. Limited colonic CD treated by limited resection gives a

higher rate of recurrence than a proctocolectomy. However, most agree that the avoid-
ance of a permanent stoma usually outweighs the increased risk of recurrence.

According to the ECCO statement for surgical treatment [1], total proctocolecto-
my with permanent ileostomy is the treatment of choice in patients with severe dis-
ease unresponsive to medical therapy. If surgery is necessary for localized colonic dis-
ease, a segmental resection is preferable. Two segmental resections can be considered
when macroscopic disease affects both ends of the colon, but total colectomy and ile-
orectal anastomosis may be preferable in the absence of rectal active disease.

Restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA) for CD
has most often occurred in the setting of a changed diagnosis following IPAA for UC
or indeterminate colitis. The majority of studies have suggested that IPAA is associ-
ated with a significantly higher rate of morbidity (including pouch failure, inconti-
nence, and pouchitis) in CD than in UC [39,40]. Although few authors have concluded
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that IPAA may be appropriate in highly selected patients with CD, without small-
bowel and perianal disease [41,42], the current literature certainly does not support

its general use in the CD population. Retrospective analyses show that these patients
with CD who underwent restorative proctocolectomy and IPAA are burdened with the

most complications, with a reported failure rate of up to 50% [43,44]. However,
Regimbeau et al. reported a very small increase in morbidity when restorative proc-

tocolectomy was performed in patients affected by long-standing Crohn’s colitis,
without small-bowel or perianal disease, compared with patients with UC [45]. Due
to the increased risk of cancer, strictureplasty for colonic stenosis in CD is feasible
but not recommended [46].

Notes on Surgical Techniques

Loop Ileostomy

With the goal that acute colitis and proctitis will eventually resolve with defunction-
ing, a loop ileostomy, with a protruding afferent limb and a receding efferent limb,
can be constructed. A 4-cm plastic rod through the mesentery supports the intestinal
loop. The cut wall of the efferent limb is sutured to the skin. A semicircular row of
4-0 absorbable sutures is inserted between the skin and the everted wall of the affer-
ent limb (Fig. 14.13).
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Fig.14.13 Loop ileostomy. (a) A plas-
tic rod supports the loop ileostomy;
(b) the everted wall of the afferent
limb is sutured to the skin



Turnbull Operation

There is no unanimity regarding the best approach in patients with sealed colic per-
foration and toxic megacolon. Turnbull recommended a loop ileostomy and decom-
pressing blow-hole skin-level transversostomy and sigmoidostomy. The Turnbull
operation is confined to very ill patients who have not responded to medical treat-
ment and with frank intestinal perforation, with resulting flooding of the peritoneal
cavity by colonic contents.

Colectomy and Proctocolectomy 

Colectomy or proctocolectomy is in most cases the best operative solution. In the
very high-risk patient, the operation should be carried out in two stages. Removal of
the rectum is delayed until the patient’s condition is improved. Preservation of the
lower rectum by ileorectal anastomosis is controversial and is indicated in the
absence of proven rectal disease. The patient is placed in the Lloyd-Davies position,
with thighs widely extended. A midline incision provides easy exposure of the entire
colon. The dissection is started in the region of the cecum. The right colon is retract-
ed medially as the lateral peritoneum is incised. The terminal ileum and cecum are
mobilized outside the peritoneal cavity. The right spermatic vessels and the right
ureter are identified. Blunt dissection is used to sweep away the duodenum. The
thickened greater omentum is separated from the stomach and the lesser sac entered
from the right side. The splenocolic ligament is divided to avoid tearing of the
splenic capsule. The splenic flexure and the left colon are freed down to the sigmoid
colon. The left gonadal vessels and the right ureter are identified The mobilized
colon is drawn outside and all colic vessels in the mesentery can be easily identified.
Ileocolic branches, the right colic, middle colic, and inferior mesenteric vessels are
ligated. The blood supply of the terminal ileum should be carefully preserved and a
few centimeters of ileum denuded in preparation of an ileostomy. The terminal ileum
is divided with a linear stapler. The mesentery is divided adjacent to the rectosig-
moid, avoiding interference with the sympathetic nerve supply. If removal of the rec-
tum is delayed, the inferior mesenteric artery is spared and only the sigmoid vessels
are severed. Finally, the sigmoid colon and the rectum are easily divided with a
mechanical instrument. In the presence of extensive pathological changes in the
entire large bowel and rectum, a proctocolectomy with ileostomy is performed. A
sharp and blunt dissection about the remaining rectum can be carried out, not neces-
sarily as far laterally as in the presence of malignancy. The anus is excised as in the
case of abdominoperineal resection for cancer. Usually it is not necessary to go wide
on the elevator muscles, because a simple excision of the sphincter muscle can be
carried out. Primary closure with drainage suction can be used in the absence of fis-
tula-in-ano or gross contamination. Construction of the ileostomy is of major con-
cern. The Brooke ileostomy is placed in the lower right quadrant. A button of skin is
excised, and the rectus muscle fibers separated widely enough to admit two fingers.
The ileum is exteriorized through the abdominal wall for at least 6–7 cm. The mesen-
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tery is anchored to the peritoneum before the ileostomy is constructed, with a com-
plete reperitonealization of the right paracolic gutter. The terminal ileum should be
everted and the mucosa is anchored with interrupted fine absorbable sutures to the
skin. The completed ileostomy should extend upward from the skin level at least 3–4 cm
(Fig. 14.14). In case of an ileorectal side to end anastomosis (IRA), the purse-string
instrument is applied around the rectum and the specimen resected. The circular sta-
pler without anvil is introduced into the anus and advanced to the level of the purse-
string suture or to the line of rectal transection. The anvil is passed through an open-
ing in the jejunal wall and the purse-string suture tied. The circular stapler is closed
and fired. As an obvious alternative to mechanical anastomosis, a one- or two-layer
end to end or side-to-end anastomosis may be employed.
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Fig. 14.14 Brooke end ileostomy.
(a) Complete reperitonealization
of the right paracolic gutter; (b)
the everted wall of the terminal
ileum
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Restorative Proctocolectomy 

As an alternative to proctolectomy with ileostomy, IPAA can be an appropriate proce-
dure in a small selected group of patients. However, patients with CD have high com-
plication and high failure rates after restorative proctocolectomy. Anorectal sepsis and
pouchitis are the most common complications and the most important causes of failure.

Two-Stage Procedure

This surgical procedure can be life-saving for the patient during a severe attack of
acute colitis. Subtotal or total colectomy, closure of the rectal stump, or sigmoid-rec-
tal mucous fistula and ileostomy is the rule for fulminant Crohn’s colitis. In fact,
when the tissue of the bowel is so friable that it would be dangerous to try to suture
it, the terminal sigmoid can be exteriorized as a suprapubic colostomy or fixed to the
anterior abdominal wall by suture. An alternate procedure is a coloproctectomy with
a retained rectal stump measuring 2 cm, the upper limit of the future mucosectomy
being delimited by the transection line. Most surgeons avoid leaving any retained
rectal cuff due to the associated incidence of pelvic sepsis.

Mucosectomy 

Anal mucosectomy is always indicated in patients with coexisting dysplasia. The
anus is dilated and exposed with Gelpi retractors; the mucosectomy starts a few mil-
limeters above the dentate line and is conducted up to the transected rectal muscle.
The length of a dissection ranges from 3 to 5 cm. An alternative procedure is a sta-
pled IPAA 1–1.5 cm above the dentate line, which seems to be associated with an
improvement in pouch function compared to the end-sewn anastomosis, with a lower
rate of anastomotic complications (Fig. 14.15).

Construction of the Pouch

Most surgeons prefer the J pouch, but occasionally using the S pouch when the apex
of a J pouch cannot be brought down to the dentate line. No reliable advantages are
found using the bigger W pouch. The mesentery is severed up to the duodenum. It is
sometimes necessary to divide some of the tethering secondary branches of the ileo-
colic artery. Occasionally the main ileocolic artery is tied to allow the pouch to reach
the anus without tension. The distal 25–40 cm of ileum is looped, forming a J loop.
Two ileal limbs, 12–20 cm in length are held side by side. A linear 100-mm stapler is
introduced cephalad through a stab wound into the antimesenteric border and the sta-
ples released once or twice, until a large reservoir, 12–18 cm in length, is completed.
Interrupted or continuous sutures may be required to reinforce the layers of stapled
sutures. The anastomotic staple lines are inspected for hemostasis (Fig. 14.16).
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Hand-Sewn IPAA

A long Allis clamp passed through the rectal cuff delivers the apex of the pouch
beyond the sphincters. Absorbable sutures are placed in the posterior half of the anas-
tomosis, including the ileum, sphincters, and anoderm. An anterior suture line com-
pletes the anastomosis.
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Fig. 14.15 Anorectal transection 2 cm above the dentate line

Fig. 14.16 Ileal J pouch



Double-Stapled IPAA

This technique is associated with much less tension on the anastomosis than is the

case with the hand-sewn technique, particularly in obese and tall patients. The per-

ineum is pushed superiorly while at the same time the staples are released 1–2 cm

above the dentate line. Leaving a long rectal cuff or transecting a portion of the inter-

nal and the external sphincters is not advisable. The anvil (diameter 28–29 mm) is

inserted into the apex of the pouch and secured with a 3-0 suture. The stapling gun

is placed into the anus, the trocar tip is fully advanced through the linear staple line

at the midpoint of the closure, and the anvil shaft engaged with the stapler shaft. The

instrument is closed and the staples released (Fig. 14.17).

Ileostomy 

A temporary diverting-loop ileostomy is not always necessary, but is preferable in

patients with pelvic complications and in toxic or malnourished patients. A loop of

ileum, approximately 20–25 cm proximal to the pouch, is withdrawn through the

abdominal wall, a small transverse enterotomy is made in the distal limb, and the

proximal limb everted and sutured to the skin, so that an adequate nipple can be con-

structed (Fig. 14.13). About 1–3 months after IPAA, the stoma is removed with resec-

tion and an end-to-end anastomosis is performed. Alternatively, the mucosa can be

unfolded and the stoma closed without resection. 
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Laparoscopic Procedures for Crohn’s Disease

The safety and feasibility of laparoscopic resections for the treatment of CD has
been extensively studied. In a recent meta-analysis on 14 comparative studies vs.
laparotomy (2 prospective controlled randomized trials, 2 prospective case-control
studies, and 10 retrospective studies), 881 patients were collected [47]. Laparoscopy
was associated with a longer operative time than laparotomy but had fewer postop-
erative complications, earlier restoration of intestinal functions, less postoperative
pain, and shorter postoperative length of hospital stay. The rate of conversion to
laparoscopy was 11.2% (range 4.8–29.2%). Robust data are available for laparo-
scopic resection in CD although not in UC. Two randomized, controlled studies have
been published suggesting that laparoscopic ileocolic resection is associated with
decreased morbidity and length of hospital stay [20, 48]. Maartense et al. further
suggested that the overall costs of laparoscopic resection were lower [48]. However,
while operative times have decreased with increased experience, most studies have
still found significantly longer operative times than is the case in open procedures.
The better cosmesis and body image in laparoscopic surgery are important because
of the young age of the patients. Furthermore, at 4 weeks after surgery, the quality
of life is similar in patients who underwent laparoscopic vs. open procedures [48].
Surgical relapses were similar in the two groups [49]. A surgical relapse after
laparoscopic resection can be managed with a new laparoscopic approach.

Currently, a laparoscopic assisted procedure may be considered as the preferred
operative approach for primary resections. For patients with complicated disease,
laparoscopy is also feasible but the surgeon must be aware of the high rate of con-
version. A laparoscopic assisted procedure also may be an option for those patients
with acute colitis but who are usually excluded due to perforated acute colitis or
toxic megacolon.

Notes on Surgical Techniques

Laparoscopic Ileocolic Resection

Under general anesthesia, the patient is placed in a supine position with both arms
tucked at his or her sides. Three 5/10/12 mm trocars, a 30° angled laparoscope, and
an intra-abdominal insufflation of 12 mmHg are used. The pneumoperitoneum is
established following open Hasson trocar placement through an infraumbilical inci-
sion. Under laparoscopic vision, two trocars are placed in the patient’s left flank, lat-
eral to the rectus sheath. After a careful exploration of the abdomen to assess the site
and extent of disease, the right colon, terminal ileum, and the inflammatory mass
are fully mobilized, mainly with blunt dissection from the lateral to medial direc-
tion. The hepatic flexure is mobilized in most cases. No attempt should be made to
transect the thick mesentery at this time. The right colon and the terminal ileum are
extracted through a small (5–7 cm) right lower quadrant incision, using a
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Pfannenstiel or a midline incision. The terminal ileum and the cecum are transected
with a linear stapler. A mechanical or hand sewn side-to side or end-to-end function-
al anastomosis is performed extracorporeally. In very simple cases, the ileocolic
vascular pedicle is transected first with a 30-mm vascular stapler; transection of the
bowel and formation of the ileocolic anastomosis are then performed intracorpore-
ally (Fig. 14.18).

Laparoscopic Colectomy and Proctocolectomy

Five 5/10/12 mm trocars and a 30° angled laparoscope are used for colon mobiliza-
tion and devascularization, followed by extraction through a right lower quadrant
incision made where the diverting ileostomy is eventually planned. The terminal
ileum is transected with a linear stapler near the valve. The entire colon is mobilized
with extreme care. The spermatic vessels and ureters are accurately identified.
Special attention is taken in dividing the gastrocolic ligament close to the stomach.
The main ileocolic vessels are preserved if a future pouch construction is planned.
When a rectum-preserving total colectomy is intended, the ileocolic branches, the
right and middle colic vessels, and the sigmoid branches are isolated and tied. The
main inferior mesenteric artery and the superior rectal artery are preserved. The
colon is transected with an articulate linear stapler at the sacral promontory level,
avoiding any dissection of the pelvic peritoneum. In case of severe rectal disease, an
ultralow Hartmann procedure or a proctocolectomy can be performed. The entire
colon is extracted through an enlarged right lower quadrant trocar incision, where the
ileostomy is constructed (Fig. 14.19).
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Fig. 14.18 Laparoscopic
ileocolic resection. Three
trocars are typically used,
with extraction of the in-
flammatory mass through
a lower right quadrant inci-
sion (5–6 cm)



Laparoscopic Restorative Proctocolectomy

Five or six trocars 5/10/12 mm are used for a total proctocolectomy and double-sta-
pled IPAA. The rectum is transected with an articulate linear stapler 1–2 cm. above
the dentate line. The colorectal specimen is extracted through an enlarged right lower
quadrant trocar incision. The distal 25-40 cm of ileum is looped with 12- to 20-cm
limbs and a standard J pouch is constructed. Care must be taken to inspect the anas-
tomotic staple lines. The anvil is inserted through the apex of the ileal pouch. The
abdominal incision is sutured and the peritoneum re-established. The circular stapler
is introduced into the anus and the center rod advanced. The pouch is brought down
to the pelvic floor, the anvil is connected to the pin, and the staples released. Finally,
a loop ileostomy is eventually created.
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Introduction

Although Crohn’s disease occurring in adults and in childhood share the same
immuno-pathogenetic mechanism and genetic background, as well as diagnostic
modalities and therapeutic strategies, aspects pertaining to all these variables make
the disorder in children a peculiar entity. Children with Crohn’s disease represent a
unique patient population to investigate the initial intestinal immune response and to
characterize the genotype-phenotype relationship, the natural history of the disease,
the intervention of environmental factors, and the early introduction of therapeutic
immunomodulators and biologicals to alter the natural course of the disease. 

This chapter emphasizes the specificities of Crohn’s disease in childhood. 

Epidemiology

Although the exact incidence and prevalence of inflammatory bowel disease  (IBD)
(Crohn’s disease, ulcerative colitis, indeterminate colitis) in developed countries
unknown, recent studies suggest an increasing frequency both in pediatric and adult
populations. The increase in the incidence and prevalence of IBD is part of the
world-wide emergence of chronic immunomediated inflammatory diseases that is
strongly related to social and economic development. It is now estimated that rough-
ly 100,000 children and adolescents are affected by IBD in the USA [1]. Heyman
and colleagues of the Pediatric IBD Consortium have reported prospective data from
more than 1300 prevalent and index cases of IBD, from six referral pediatric gas-
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troenterology centers in the USA, over a 3-year period [2]. According to these data,
ulcerative colitis (UC), Crohn’s disease (CD), and indeterminate colitis (IC) were
equally prevalent among the youngest (0–2 years) age groups, and definitive diag-
noses were made in 1% of patients before they reached one year of age. UC was more
common (47%) in younger (3–5 years) patients, whereas the incidence of CD rose
with age, reaching 66% in the 13–17 years strata; the prevalence of IC fell from 33%
in the youngest cohort to 9% in the older age strata. Recently, an IBD registry from
a northwest region of France (EPIMAD) identified 404 consecutive pediatric CD
patients during a 5-year period (73% of all pediatric cases: UC 23% and IC 4%) [3].
The mean annual incidence of pediatric CD, standardized to age and sex, was 2.6 per
100,000. 

Disease location of IBD seems to differ by patient age, such that the proportion
of UC, CD, or IC patients with isolated colonic disease decreases with age. More
than 63% of children < 8 years of age had isolated colonic disease, irrespective of the
IBD type, whereas only 35% of those ≥ 8 years had isolated colonic disease. It is
widely agreed that early-onset IBD (0–5 years) seems to represent a disease pheno-
type that is distinct from disease of later onset (> 5 years). A recent report from the
Pediatric IBD Consortium Registry analyzing uniform data, collected between
January 2000 and November 2003, from 989 consecutive CD patients confirmed this
peculiarity. In particular, an initial classification as UC or IC was more common
among the 0–5 years of age group, and rectal bleeding was a more common present-
ing feature in this group than in patients 6–17 years of age. 

Familial aggregation studies have documented a significantly greater relative risk
for developing IBD among first-degree relatives of affected individuals compared to
the general population. From data of the US Pediatric IBD Consortium it was
observed that, overall, 29% of IBD patients had one or more family members with
IBD. Indeed, a family history of IBD was noted in 3% of siblings, 9% of parents, and
22% of second-degree relatives. The most striking evidence that genetic factors are
involved into the mechanisms of IBD comes from twin studies. Disease concordance
has been found to be as high as 58% and 18% for monozygotic twins with CD and
UC, respectively, while the concordance for dizygotic twins is 0–10% for both dis-
eases. Monozygotic twins are also commonly concordant for the same types of IBD,
suggesting that there are genetic factors specific for CD and UC.

A family history of IBD appears to be more common in CD than in UC patients
such that the sibling risk ratio (i.e., the risk of a sibling developing disease compared
to the risk within the general population) is 30–40 for CD and 10–20 for UC [4].
There is also evidence suggesting that early-onset CD represents a distinct and more
aggressive phenotype than disease in subjects older than 20 years. It has been
observed that disease occurring in younger patients is associated with a greater fam-
ily history of IBD and a greater need for surgery than disease occurring in the older
age group. There is also a high rate of concordance for disease location and disease
behavior among affected relatives with CD. In addition, offspring of affected CD par-
ents tend to develop CD at an early age, with a greater extent of the disease. Thus,
the concept of genetic anticipation for CD has been proposed even though it has not
been fully confirmed.
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Genetics

Complex disorders such as CD are controlled by multiple risk factors that interact with
each other. The currently proposed genetic model for CD phenotypes outlines the com-
plex interactions between environmental factors and genetic determinants, which
together result in clinical expression of the disease along the gut of genetically predis-
posed individuals. Almost all of the genes that have been associated with susceptibility
to CD are related to the innate and adaptive immune response of the intestinal mucosa
to commensal microbiota as well as to the biology of the intestinal epithelium [5–7].

Crohn’s Disease Susceptibility Loci: IBD1 (CARD15/NOD2)

Recently, several genetic associations have been identified in IBD, mainly in CD. The
first susceptibility gene for CD to be identified is located on chromosome 16 (IBD1)
and was named CARD15/NOD2. Its product is a cytoplasmic protein involved in
microbial sensing [8,9]. Three mutations of this gene (R702W, G908R, and
1007fsinsC) are considered independent risk factors for CD in Caucasians but not in
Asians and African Americans. Individuals with one of the disease-associated alleles
have a 2- to 4-fold increased risk for developing CD, whereas homozygous or com-
pound heterozygous carriers have an up to 40-fold increase in the genotype-relative
risk. However, the known polymorphisms of CARD15/NOD2 are not sufficient nei-
ther necessary for the development of CD; indeed, most CD patients do not exhibit
CARD15/NOD2 mutations and the estimated penetrance is only 5–10%. The geno-
type-phenotype of individuals with CARD15/NOD2 variants seems to be associated
with a younger age at onset, ileal involvement, and a tendency to develop strictures
and/or fistulae. Interestingly, children with the 1007fsinsC mutation have a six-fold
increased risk for developing a stricture phenotype requiring surgery.

Pediatric-onset CD is associated with more extensive colitis and less ileitis than
is the case in adult-onset CD. These differences in disease site by age suggest a dif-
ferent genotype or different host responses, such as decreased ileal susceptibility or
increased susceptibility of the colon. Recent data have shown that young children
without NOD2/CARD15 mutations have an isolated distribution of their colonic dis-
ease, suggesting that this phenotype is associated with genes that lead to a specific
phenotype of early-onset disease [10].

Other Candidates Genes of Interest

Several studies identified linkage with a region at chromosome 5q31-q33 (IBD5),
specifically with a length of approximately 250 kb, between susceptibility for CD
and early age of onset. This region contains a number of potentially interesting genes,
including several encoding immunoregulatory cytokines. Two functionally relevant
mutations in genes coding for the carnitine⁄organic cation transporter (OCTN), locat-
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ed on the IBD5 locus, were shown to be associated with CD. OCTNs help in transport-
ing, distributing, and eliminating charged organic cations (e.g., those found in drugs,
xenobiotics, endogens metabolites) and thus are important for intracellular homeosta-
sis. In addition, they transport the endogenous amine carnitine, an essential cofactor
for lipid metabolism, assisting in β-oxidation, and playing an important role in cellu-
lar energy production. The T substitution of C1672 in exon 9 of the SLC22a4 gene
encoding OCTN1 and a G to C substitution at position-207 in the promoter region of
SLC22a5, encoding OCTN2, were identified. Together these polymorphisms form a
two-allele risk haplotype associated with CD susceptibility. Gene-gene interaction
with mutations in the CARD15 gene has been suggested as well.

Recently, the DLG5 gene was recognized as a novel susceptibility gene for CD
and IBD. DLG5 is important in maintaining epithelial structure, and genetic variants
could result in impaired intestinal permeability. Two haplotypes have been implicat-
ed in IBD and CD susceptibility. A single nucleotide polymorphism (SNP) resulting
in an amino acid substitution R30Q was positively associated with IBD and CD
patients in a case–control study. A second haplotype, identified by several other tag-
ging SNPs, was found to be protective for IBD. Gene–gene interaction with CARD15
in CD was detected by a significant difference in association with the 113A variant
in patients carrying the CARD15 risk alleles compared with patients not carrying
these alleles. However, only one published study has been able to reproduce these
results, and initial enthusiasm has been discouraged by several studies from Europe
and Japan that failed to show any association of DLG5 with IBD. As for OCTN, large
population-based case–control studies are needed to elucidate the role of DLG5 in
IBD susceptibility.

The genome-wide association (GWA) study involves rapidly scanning markers
across the complete sets of DNA, or genomes, of many people to find genetic varia-
tions associated with a particular disease. This approach has revealed a highly signif-
icant association between CD susceptibility and variation in the gene encoding the
interleukin (IL)-23 receptor (IL-23R). IL-23 is a cytokine closely related to IL-12
and is known to be critical in activating several pathologic inflammatory reactions.
Several reports indicate that variations in the IL-23R gene have a protective effect for

developing CD. Other loci identified by GWA studies are: the autophagy-related 16-
like 1 (ATG16L1) gene on chromosome 2q37, a locus on chromosome 5p13 that may
influence expression of prostaglandin E receptor 4 (subtype 4) (PTGER4), and a
region on chromosome 10q21 with no known genes that is flanked on the centromer-
ic side by a zinc-finger gene (ZNF365) and on the telomeric side by a predicted pro-
tein (c10orf 22) and the early growth response 2 (EGR2) gene, which also encodes a
zinc-finger protein.

Natural History

The EPIMAD Registry (France) and the US Pediatric IBD Consortium Registry have
generated interesting data on the presentation and course of CD in childhood [2,3].
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Both registries outlined that early onset (0–5 years of age) CD represents a unique
phenotype, marked both by predominant colonic involvement and a stronger positive
family history compared to later-onset CD. Interestingly, compared to patients with
later-onset CD, a greater proportion of early-onset CD patients are more likely to
have been initially diagnosed with UC or IC. A dramatic change in disease behavior
seems to occur in pediatric CD during a follow-up period of almost a decade, gener-
ally evolving from non-penetrating, non-structuring disease (B1) to the structuring
(B2) or penetrating phenotype (B3). Specifically, the B2 and B3 phenotypes increase
from 25% to 44% and from 4% to 15% respectively, whereas the B1 phenotype
decreased from 71% to 41% between the time of diagnosis and the last follow-up.
Perianal disease (abscesses or fistulae) was detected in almost 9% of patients at diag-
nosis and in 27% at follow-up. The risk for the development of complications such
as abscesses, fistulae, strictures, or perianal fissures is greater in the older age group
than in the early-onset group. Interestingly, the risk for the occurrence of compres-
sion, fractures/osteopenia/osteoporosis, and growth failure do not differ with age of
diagnosis. The cumulative probability of surgery was 34% after 5 years. Stricturing
and penetrating behaviors of the disease at diagnosis, growth retardation, and com-
plications during follow-up were associated with an increased risk for surgery that
did not differ according to CD localization or the presence of perianal disease at
diagnosis. From data of EPIMAD Registry it is evident that corticosteroids are asso-
ciated with an increased risk of recourse to surgery, whereas immunomodulators
were associated with a decreased risk. Recent data from the US Pediatric IBD
Collaborative Group Registry indicated that approximately 10% of newly diagnosed
pediatric patients with CD have perianal fistulas and/or abscesses at the time of diag-
nosis; most of them will satisfactorily respond within 1 year to medical therapy
alone. Of 276 patients, 41 had perianal lesions: 13 with skin tags and fissures, 28
with fistulae and/or abscesses. The latter resolved by 1 year in 20 cases whereas 8 of
these patients had chronic recurrent perianal disease lasting more than 1 year follow-
ing the diagnosis. Characteristically, patients with perianal disease are more likely to
receive earlier antibiotics, biologics, and immunomodulators.

Growth Failure

Growth failure occurs in 15–40% of children with CD and it may precede clinical
evidence of bowel disease by years [11]. In CD, temporary growth failure occurs in
up to 50% of affected children and stunting into adulthood may involve 15–30% of
patients. Furthermore, final height remains below the fifth percentile in 7–30% of
patients. While static height measurement may be misleading to define growth dis-
turbance, a shift from higher to lower percentiles on a growth chart of height reflects
accuracy height velocity (which can be expressed either as a centile or as a standard
deviation score for age and gender). It is known that linear growth occurs along the
growth hormone (GH)–insulin-like growth factor 1 (IGF-1) axis, which is affected by
adequate nutrient support [12]. Briefly, GH, secreted by the pituitary gland, stimu-
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lates the release of IGF-1, which in turn stimulates the proliferation of chondrocytes
at the epiphyseal plate, with growth of the long bones. Circulating IGF-1 is found in
complexes with IGF binding proteins (IGFBPs). Factors that increase IGFBP-1 may
decrease the bio-availability of IGF-1: IFGBP-1 expression is increased by insulope-
nia and starvation as well as corticosteroid therapy. Our current understanding of the
pathogenesis of growth retardation indicates that the etiology is multifactorial, with
the inflammatory process per se directly implicated, in addition to nutritional defi-
ciencies and prolonged corticosteroid therapy [13]. Interestingly, tumor necrosis fac-
tor (TNF)-α, a Th1-related cytokine, has a key role in cytokine-mediated growth
retardation, synergistically inhibiting, together with IL1β, the growth plate, increas-
ing IL-6 transcription, and possibly decreasing circulating leptin levels. 

Promoting growth and pubertal development has become one of the main expec-
tations and targets in the therapy of pediatric CD patients [14]. Different treatment
modalities may improve growth providing they achieve suppression of active disease
and inflammation. There is a widely agreed view that suppression of inflammation,
an adequate maintenance strategy to minimize the relapse rate, and intensive nutri-
tional support are the key therapeutic endpoints that should be combined in order to
support growth in children with CD [12]. Nutritional therapy alone (consisting of
either polymeric or elemental formulae) is able to achieve mucosal healing and pro-
mote growth in a short-term period, whereas a long-term nutritional maintenance
strategy has yet to be designed [15]. Consecutive cycles of exclusive nutritional ther-
apy intermingled with periods of a normal or low-antigen diet, may offer an appro-
priate long-term approach to minimize relapses and maintain remission as well as an
optimal growth rate. Corticosteroids are the key therapy responsible for drug-induced
growth failure and every effort should be made to avoid their chronic use (mainly
because they do not alter the course of the disease), while immunomodulators, which
have become the standard of care in children with CD because of their value as
steroid-sparing medications, have not been evaluated on a long-term basis as growth
promoting drugs. Interestingly, a large prospective randomized trial in childhood
(REACH study) examined the role of infliximab (IFX) (a monoclonal anti-TNFα
antibody) as a maintenance medication in 103 CD children over a period of 46 weeks
[16]. The height status of patients with at least a 1-year delay in bone age was
assessed, and the patient’s height z-score calculated. The latter is a measure of the
deviation of the patient’s height from the expected height of an age- and sex-matched
population. The scores for these patients improved significantly at both week 30
(mean improvement in z-score of 0.3) and week 54 (mean improvement in z-score of
0.5). Previously, Walters et al. evaluated 32 children and adolescents with CD who
were treated with IFX because of chronically active disease despite immunomodula-
tory and prior corticosteroid therapy [17]. The mean SD score for height at the begin-
ning of IFX was -1.4 for patients in Tanner stage 1–3, after IFX; height improved by
a mean of 0.5 in 70% patients with a Tanner pubertal stage < 4. Nevertheless, growth
abnormalities seem to persist in most children with CD, despite improvement in dis-
ease activity and the frequent use of immunomodulators and biologics [18]. Future
strategies should be aimed at minimizing or even eliminating the early use of corti-
costeroids–the main factor associated with poorer growth outcome.
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Diagnosis

Figure 15.1 presents a simplified diagnostic algorithm of pediatric IBD. The gold
standard for the diagnosis of IBD remains endoscopic evaluation with tissue histol-
ogy. However, less invasive tools with increased sensitivity and specificity, such as
serological markers, videocapsule endoscopy, and advanced imaging modalities, are
being developed [19].

Gastrointestinal Endoscopy

All children evaluated for CD undergo both esophagogastroduodenoscopy and ileo-
colonoscopy at initial diagnostic work-up. These procedures are performed under
conscious sedation (with the administration of oral or intravenous midazolam, a ben-
zodiazepine with hypnotic action) or general anesthesia (in infants and small chil-
dren and in those with risk factors). The presence of inflammatory changes in the
esophagus, stomach, or duodenum is common in UC and CD; however, the presence
of granuloma is specific for CD, whereas the presence of focally enhanced gastritis
is common in CD, but non-specific and is also detected in UC. In general, gastroen-
terological endoscopic and histologic criteria distinguishing CD from UC are shared
by adult and pediatric patients; however, there are features that are peculiar to the
pediatric age. These can be summarized as follows:
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CLINICAL FEATURES OF
INFLAMMATORY BOWEL DISEASE

IN CHILDHOOD
DIFFERENTIAL DIAGNOSIS

Infections, vasculitides,
immunodeficiences,
food allergy, lymphoma,
malabsorption, chronic
hepatitis, rheumatoid
arthritis, etc…….

Biochemical indexes of nutrition, activity,
absorption, stool cultures and parasites, search
for Cl. difficile, ASCA, pANCA, fecal calprotectin,

IMAGING DIAGNOSIS (non invasive)
Ultrasound with contrast medium  +++
MRI with gadolinium  +++,
Barium x-ray of small bowel + (?), Scintigraphy + (?)

Ileo-colonoscopy, Upper endoscopy, histology, Videocapsule

Crohn’s disease
Ulcerative colitis
Undefined IBD

Follow-up

Fig. 15.1 Diagnostic algorithm of inflammatory bowel disease in childhood



• The diagnosis of CD is unequivocal if there are clear radiographic and/or endo-
scopic features of small bowel involvement, non-caseating granulomas on endo-
scopic mucosal biopsies, or evidence of severe perianal disease (fissures, fistu-
lae). When CD only involves the colon and granulomas are not present on biop-
sies, the diagnosis is rather difficult: the differentiation of CD colitis from UC
can be established primarily by the endoscopist, through the observation at initial
endoscopy of focal discontinuous inflammation, deep fissuring ulcers, and apht-
hous lesions superimposed on a background of normal colonic mucosa.

• In general, over-reliance on histological interpretation at the expense of an appro-
priate combination with clinical and gross endoscopic features, can result in the
inappropriate classification of UC patients as instead having CD, on the basis of
non-specific mucosal inflammatory changes. Similarly, a reliance only or mainly
on the visually determined morphology of the colon without an appropriate tis-
sue sampling may carry a risk of failing to identify granulomatous inflammation
(which would change the diagnosis from UC to CD).

• Although colonic and ileal biopsies of patients with CD share many of the same
features of chronic colitis, mucosal changes in CD colitis (particularly early in
the disease course) can be patchy and show subtle or slight features of chronici-
ty. The earliest discernable lesion of CD is typically a focal active colitis with a
lymphoid aggregate, which corresponds to the endoscopic aphthous erosions. The
predictive value of focal active colitis for the development of CD has been debat-
ed: it has been suggested that almost one third of children with this feature devel-
op CD, the remaining having infectious colitis or an idiopathic inflammation.

• It is widely agreed that backwash ileitis is seen in approximately one-fourth of
UC patients with inflammation involving the entire colon (pancolitis) and that
ileal inflammation is very rare in UC limited to the left colon. Ileal erythema and
granularity can characterize the backwash ileitis (usually for the most distal 10
cm) and lymphoid nodules can be obvious; however, no linear ulcerations, deep
fissures, or areas of cobblestoning are seen and the inflammation consists of a
mild mixed infiltrate without crypt distortion, atrophy, or epithelial changes.
Furthermore, imaging tools show that in backwash ileitis the terminal ileum is of
normal caliber and without stenosis or cobblestoning.

• While UC is classically defined as a diffuse continuous disease beginning in the
rectum and extending proximally without skip areas, “patchy colitis” and “rela-
tive rectal sparing” are often observed in children with new-onset UC and are
also seen in treated colitis; thus, the criterion of “rectal sparing” as discriminato-
ry between CD and UC has less value in childhood than in adult IBD.

• While epidemiological studies in adults report a prevalence of IC of 5–10%, pedi-
atric studies cite a prevalence of up to 30%. It is common belief that pediatric gas-
troenterologists are more familiar than adult gastroenterologists with the diagnosis
of IC. Nevertheless, the current literature lacks a precise definition of IC such that
there is wide variability in the use of this term and a paucity of studies reporting
long-term follow-up of these patients. Criteria for diagnosing IC or, as recently
suggested, IBD unclassified (IBDU) can be summarized as follows: a history of
chronic colitis compatible with both the diagnosis of CD or UC; colitis that cannot
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definitively be declared as CD or UC based on clinical history, physical examina-
tion, endoscopic appearance, histologic findings, and imaging studies; endoscopy
and histopathology either inconclusive or divergent with regard to the diagnosis of
UC or CD; exclusive inflammation of the large bowel and neither endoscopic nor
histologic findings typical for CD or UC. IBDU can only be diagnosed after a full
diagnostic work-up. This must include colonoscopy with intubation of the terminal
ileum, upper gastrointestinal endoscopy, and small bowel follow-through or MRI of
the ileum. The diagnosis of IBDU is suggested by the histology, which shows acute
and chronic inflammation with architectural changes confined to the colon, the
absence of abnormalities suggesting lymphocytic or allergic colitis, or CD, a nor-
mal small bowel follow-through or MRI of the ileum, and no definite classification
of CD or UC possible with histology. If the clinician decides to classify a patient as
having IBDU, it is crucial that the medical records outline the clinical data that
prompted the diagnosis. At the same time it should be stated that at some point fol-
lowing the diagnosis these patients will benefit from additional endoscopic and his-
tologic evaluation to determine whether features prompting the IBDU diagnosis
have changed and to attempt to make a definitive diagnosis of CD or UC.

Videocapsule Endoscopy

This diagnostic tool (VCE) is increasingly being used in the detection of obscure
small bowel lesions and now has a proven role in the identification of CD lesion of
the ileum. Although most cases of IBD are diagnosed without difficulty, there are
cases of CD in which standard diagnostic tools do not reveal features specific to the
disease. Usually, these individuals have isolated small bowel disease that is not
detected with other modalities. VCE may be of help in these situations, even if
prospective pediatric studies comparing VCE and other tools are not available.
Studies in adults have shown that the diagnostic yield of VCE is similar to that of
push enteroscopy in patients with suspected CD. The drawbacks of VCE are the cost
of the test and the potential risk of capsule impaction in strictured areas of the small
bowel. Thus, contrast radiography or MRI of the small bowel is recommended in
order to exclude the presence of strictures. Future studies are warranted to determine
whether capsule endoscopy should be done as a routine examination in patients with
newly diagnosed colitis and normal diagnostic imaging findings.

Imaging-Based Diagnosis

Direct imaging of the gastrointestinal tract is essential to accurately stage the loca-
tion, extent, and type (mucosal versus transmural) of intestinal inflammation.
Accurate, inexpensive, non-invasive studies in the evaluation of IBD would represent
a significant advance in identifying and measuring disease activity. Small intestinal
contrast ultrasonography (US) has been shown to be as sensitive as a small bowel
series with barium in detecting bowel abnormalities in CD. The technique has gained
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considerable acceptance among pediatricians and pediatric gastroenterologists due to
its non-invasive nature as well as its capability to detect mucosal abnormalities and
to document complications of CD, such as abscess formation. High-resolution probes
can also detect bowel wall thickening, fibro-fatty infiltration of the mesentery,
enlarged nodes, and prestenotic dilation. Interestingly, Doppler US can be of value in
depicting areas of inflammatory hyperperfusion. Perfusion velocity is higher in the
small bowel and colon in CD than in normal controls, but actual values seem to not
well correlate with disease activity indexes. In a diagnostic algorithm of children
with suspected CD, small bowel US can be proposed as non-invasive initial screen-
ing prior to more invasive diagnostic procedures, such as colonoscopy.

Although computed tomography (CT) is an excellent tool for detecting disease
and disease complications, such as abscess, its use is limited by the significant radi-
ation exposure. Magnetic resonance imaging (MRI) is an emerging technique for the
evaluation of small bowel CD [20]. Advantages over conventional barium studies
include the ability to detect extraluminal complications as well as the absence of ion-
izing radiation. The advent of powerful gradient systems has substantially improved
image quality in ultrafast magnetic resonance sequences. Within this context, MRI of
the small bowel has been developed, providing an alternative imaging modality to
CT. Inherent MRI properties include excellent soft-tissue contrast and three-dimen-
sional capabilities, which may be of importance in studies of the small intestine.
Sufficient luminal distension to guarantee the accurate detection of individual
lesions has so far been achieved only with a certain amount of an oral iso-osmotic
water solution (polyethyleneglycol). A lack of consistent optimal luminal distension
downgrades the diagnostic efficacy of the technique and limits its focus to assessing
moderate or extensive wall thickening and the presence of stenosis, as well as docu-
menting extraintestinal complications. In children with suspected IBD, gadolinium
MRI (G-MRI) has shown a sensitivity of 94% and a specificity of 92% in terms of
diagnostic accuracy. This tool seems also to be very sensitive in detecting perianal
disease, by showing abscesses and fistulae, and thus aids surgeons in caring for these
complications. Because of its non-invasive nature and its inherent properties, MRI is
currently contributing to the assessment of CD activity. MRI features that are report-
ed to reflect or measure disease activity include mucosal hyperemia, intramural
edema, transmural ulceration, wall thickening and enhancement, and mesenteric
involvement, in terms of either vascular engorgement (the comb sign) or the presence
of inflammatory mesenteric lymph nodes. A number of studies suggest that the activ-
ity of CD can be assessed using these MRI parameters.

There is new evidence that positron emission tomography (PET) scanning can be
helpful in measuring CD activity. PET has been assessed in both children and adults
and has shown excellent sensitivity for detecting active bowel inflammation, but with
poor specificity in some studies. PET alone appears sufficient for the evaluation of
UC, but PET/CT provides considerably more information over PET alone in the eval-
uation of CD. Current clinical applications for PET in IBD include its use in the early
evaluation of IBD, especially in children who may not tolerate an invasive test such
as colonoscopy; and in differentiating between a flare of IBD versus the onset of a
non-inflammatory process causing similar symptoms in patients with known IBD.
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Many unanswered questions remain, but PET appears to be a promising tool in the
non-invasive evaluation of IBD.

Serological Markers

Immune reactivity to specific microbial antigens has been reported in the sera of IBD
patients and has been used to discriminate between UC and CD and to predict the
severity of the disease course. Different biomarkers are commercially available for
this type of analysis: anti-Saccharomyces cerevisiae (ASCA) IgG and IgA, anti-E.
coli outer membrane porin C (OmpC) IgA, anti-Pseudomonas fluorescens CD-relat-
ed protein (I2) IgA, anti-flagellin (C Bir-1) IgA, and anti-perinuclear anti-neutrophil
(pANCA) IgG with DNAse sensitivity used to improve specificity. The use of an
antibody panel consisting of pANCA, ASCA, and Anti-OmpC identified 65% of chil-
dren with CD and 76% of children with UC, with a specificity of 94%. In other
reports, a sequential serodiagnostic strategy was accurate in differentiating IBD from
non-IBD in 84% of patients presenting with non-specific symptoms suggestive of
IBD but with a normal physical examination. A positive test sequence was predictive
of IBD in 90% of patients, whereas a negative sequence predicted the absence of dis-
ease in 80%. Higher ASCA levels are associated with younger age of disease onset,
stricturing and penetrating disease, and the need for surgery, in both adults and chil-
dren with CD. It was recently shown that the frequency of complicated CD (internal
penetrating or structuring) increased with an increasing number of serologic immune
responses, and the odds of developing complicated disease were highest in the cohort
of patients positive for anti-I2, anti-OmpC, anti-CBir-1, and ASCA. In a Canadian
study that looked at the utility of serological markers in predicting complications and
surgery in children, it was shown that ASCA positivity increased the hazard of devel-
oping a complication (abscess or fistula) at any time during the disease course in
patients with pediatric-onset CD.

Management

Great progress has been made in the medical management of IBD over the past
decade [21]. This has largely resulted from better use of “older” medications as well
as the emergence of newer therapies, particularly biological agents [22]. Current
expectations from the therapy of CD in children can be summarized as follows:
• Inducing clinical remission
• Maintaining clinical remission
• Improving the quality of life
• Promoting growth and pubertal development
• Mucosal healing
• Reducing costs related to hospitalization and surgery
• Minimizing complications due to the disease and to therapy
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To date there is no single therapy that meets all of these requirements. In the fol-
lowing, we describe some of the characteristics of the current medical treatment
modalities in relation to their respective roles for CD. 

5-Aminosalicytates

The use of these drugs in pediatric CD is largely derived from reports of adult gas-
troenterology studies, whereas no large controlled trials are available for pediatric
populations. These drugs are mainly used in the long-term maintenance of remission,
whereas their use in the active disease is limited to patients with mild disease local-
ized to short segments of the gut. Reports from the literature have often been contra-
dictory in terms of the effectiveness of 5-aminosalicylates in maintaining a medical-
ly induced remission. There is evidence that mesalamine (3 g/day) and azathioprine
have the same efficacy in preventing postoperative clinical recurrence in adults, with
no statistical difference at 24 months following segmental resection.

Corticosteroids

These agents are used in the majority of children with CD who present with moder-
ate to severe disease activity [23]. The acute responses are excellent, with over 80%
responding; however these drugs are unable to alter the natural course of the disease.
Data from 109 children from a multicenter observational registry started in 2002
indicate that at 1 year of follow-up, 61% were corticosteroid responsive, 31% corti-
costeroid dependent, and 8% required surgery [24]. Growth impairment at diagnosis
increased the risk of corticosteroid dependence or surgery at 1 year. Almost all these
patients received immunomodulators, which are commonly used both as steroid-spar-
ing agents and as an “exit strategy” for those patients started on corticosteroids.

Budesonide, a corticosteroid that is taken orally and released in the distal small
bowel and proximal colon, acts locally and is thought to have fewer systemic side
effects. The ideal candidates to receive budesonide are patients with mild to moder-
ate ileal-right colonic disease; in this group, treatment with 9 mg budesonide daily
was superior to 4 g mesalamine/day in inducing remission at 8 weeks (69 vs. 45%)
and 16 weeks (62 vs. 36%). Budesonide (6 mg/day) used to maintain remission
induced by 9 mg budesonide was shown to be better than placebo at 3 months, but no
difference between the two groups was noted regarding long-term relapse rates
(almost 60%). In pediatric patients, suppression of the pituitary–adrenal axis has
been seen with budesonide use, and it is not clear whether growth velocity is main-
tained in the normal range in children on long-term therapy with this agent.

Immunomodulators

In a landmark study on 6-mercaptopurine (6-MP) treatment of pediatric CD, children
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with moderate to severe disease were randomized to receive corticosteroids plus 6-
mercaptopurine or corticosteroids plus placebo, and the clinical course was moni-
tored over 2 years [25]. While the response at 3 months was similar in the two groups
(almost 90% improvement), the 6-MP group was much more likely to be in remission
at 18 months, requiring significantly less corticosteroids than the placebo group. A
recent report from the Pediatric IBD Collaborative Research Group Registry
Database evaluated, in a prospective observational fashion, the effects of
immunomodulator (IM) use in newly diagnosed pediatric CD, comparing outcomes
of “early” vs. “late” initiation of therapy [26]. Moderate/severe disease patients treat-
ed with IM were compared for variables such as outcomes of remission, corticos-
teroid use, IFX therapy, hospitalizations, and CD-related surgery based on the timing
of initiation of IM therapy. It was noted that 80% of children with newly diagnosed
moderate to severe CD received IM within 1 year and that early IM use was associ-
ated with reduced corticosteroid exposure and fewer hospitalizations per patient. The
current prevailing attitude among pediatric gastroenterologists is to start IM therapy
early in the course as a strategy to reduce corticosteroid use and hospitalization rate;
however, criteria for selecting patients candidates for early IM use have not yet been
clearly defined. This is important if we consider that azathioprine (which is metabo-
lized to 6-MP) and 6-MP may take up to 3 months to be efficacious. Caution is need-
ed in the use of azathoprine or 6-MP. Approximately 0.3 and 11% of the population
is homozygous or heterozygous, respectively, for a deficiency in thiopurine methyl-
transferase (TPMT), an enzyme system mitigating accumulation of the metabolite 6-
thioguanine, associated with severe bone marrow suppression. A commercial assay is
now available to measure TPMT before starting therapy and can guide the clinician.
However, bone marrow suppression may occur even in subjects with normal TPMT
activity, and frequent blood count monitoring is required. It is suggested to interrupt
or reduce the IM dose when the lymphocyte count decreases to < 1200/mmc. Other
side effects of clinical relevance are hepatitis (reversible), pancreatitis (idiosyncrat-
ic), vasculitis, and an increased risk of infection. The chronic use of these drugs has
been calculated to increase the risk of lymphoma by four-fold compared with the
general population. Methotrexate has been used with the same success as IM in CD,
although there are no large studies in pediatric IBD patients. However, methotrexate
is thought to be a particularly useful agent in children failing azathioprine/6-MP or
with intolerable side effects from those agents.

Biologicals

Infliximab (IFX) is a chimeric monoclonal antibody (IgG1) that neutralizes both cir-
culating and cell membrane bound TNF-α and causes apoptosis of mononuclear cells
in the intestinal lamina propria. The drug has been used worldwide in many pediatric
patients even prior to the FDA approval for its pediatric use in May 2006. IFX is the
most widely used biological agent, both for inflammatory luminal disease and for
enterocutaneous and rectovaginal fistulizing disease, in inducing and maintaining
remission [27]. Before the recently published REACH study (a controlled multicen-
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ter randomized trial), IFX was investigated in pediatric CD through open observa-
tional studies, some of them retrospective. These reported the ability of the drug to
induce and maintain remission in a high percentage of patients resistant to conven-
tional treatment, mainly consisting of corticosteroids and IM therapy. The REACH
study reported a response rate of 89% at 10 weeks following a three-dose induction
schedule of 5 mg/kg/dose at 0, 2, and 6 weeks in patients with moderate to severely
active disease despite therapy with corticosteroids and IMs. It is now clear (also from
the results of REACH) that for patients successfully responding to an induction reg-
imen of IFX, scheduled maintenance infusions (5 mg/kg every 8 weeks) rather than
episodic on-demand therapy results in better outcomes. This scheduled strategy is
also associated with less formation of neutralizing antibodies (responsible for a lack
of or reduced response to the drug) and a significantly reduced incidence of side
effects. It is of clinical relevance that mucosal healing has been commonly demon-
strated following IFX therapy, and there is a commonly agreed view that mucosal
healing is strongly related to prolonged periods of remission and to decreased hospi-
talization rate. Extraintestinal manifestations of IBD, such as pyoderma gangreno-
sum, vascultis, uveitis, erythema nodosum, and arthritis, have been successfully
treated with IFX. IFX is contraindicated in patients with active tuberculosis (TBC)
or any other serious infection, such as undrained abscess, opportunistic infection
(e.g., herpes zoster, cytomegalovirus), a history of demyelinating disease, malignan-
cy, or congestive heart failure. Before starting IFX therapy, patients should be care-
fully checked for tbc and for underlying active viral infections. Among the drug’s
side effects, the most common are acute infusion reactions (flushing, chest pain,
chills, dyspnea, and pruritus), which occur approximately following 5% of infusions.
More serious reactions (hypotension and oxygen desaturation) are less common
(0.1%). Infusion reactions can be controlled by slowing the rate of IFX infusion and
with the administration of anthistamines and corticosteroids. Features of delayed
hypersensitivity (arthralgias, myalgias, fever, rash, pruritus, and headache) occurring
3–14 days following an infusion have been reported occasionally. Despite the fact
that most clinical trials did not report an increased rate of infection, postmarketing
data have shown serious bacterial and fungal infections. It has been observed that
concomitant corticosteroid therapy may be a greater risk factor for infection and
other morbidities. The association between IFX use and the development of malig-
nancies (in particular those of a lymphoproliferative nature) has been controversial.
To date, there are no sound data suggesting a serious increased incidence of malig-
nancy in IFX-treated patients compared to the general population. 

Interestingly, data from the Pediatric IBD Collaborative Research Group Registry
show that IFX maintenance therapy is a durable and effective treatment that is asso-
ciated with prolonged corticosteroid withdrawal over a 3-year follow-up period.

Currently, biological agents are indicated for children with moderate-to-severe
CD that has shown unresponsiveness to conventional treatment, whereas their use as
first-line strategy is still debated and not yet officially approved. As basic research
reveals new signaling pathways underlying the inflammatory cascade in the intestin-
al wall and new inflammatory mediators are identified, additional biological agents
will no doubt become available for use in CD patients.
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Recent reports of increasing numbers of mainly adolescents and young adults
with an aggressive and commonly fatal form of lymphoma, hepatosplenic T cell lym-
phoma (HSTCL), has raised great concern among pediatric gastroenterologists car-
ing for patients with IBD [28]. These cases have influenced therapeutic attitudes in
the management of severe IBD in children, and widely accepted strategies (i.e., com-
bination IMs and biologicals) are now being questioned. In contrast, a maintenance
strategy of monotherapy with biologics without concomitant IM administration is
gaining acceptance [29]. It should, however, be remembered that several cases of
HSTCL have been described in patients receiving only IMs and no biologicals.

There are two other anti-TNFα agents, adalimumab (ADA) and certolizumab, for
which controlled trial have shown efficacy. Response and remission rates are similar
to those following IFX. Due to the fully humanized nature of these antibodies, aller-
gic reactions may be less common, but antibody formation has been observed. The
very few studies on ADA in pediatric patients are retrospective and with a short fol-
low-up period. Recently, however, a North American multicenter retrospective study
that included 100 CD children evaluated the short- and long-term efficacy of ADA,
showing high rates of clinical response and remission. Most of the patients were
treated with a baseline schedule of 80/40 mg or 160/80 mg (subcutaneous injections
at 0 and 2 weeks, and maintenance every other week). ADA was successful in
patients naive to biologicals as well as in those with a loss of response to IFX.

Nutritional Therapy

As an alternative to corticosteroids, nutritional therapy has been reported to induce
remission in almost two-thirds of patients with active CD [31]. This treatment tradi-
tionally has consisted of elemental (amino acid mixture) or semi-elemental
(hydrolyzed) formulae given continuously through a nasogastric tube. Recently,
however, polymeric formulae with a better palatability and lower cost than semi-ele-
mental or elemental formulae have been proposed for treating active CD. A course
of 6–8 weeks of nutritional therapy alone is able to induce remission in almost 80%
of children, without the addition of drugs and no regular food allowed. In patients
with growth failure or in those with features of malnutrition and in whom withdraw-
al of corticosteroids is suggested, nutritional therapy should be offered.
Unfortunately, many children are unable to orally consume adequate sufficient
amounts of formula and thus require a nasogastric tube. Moreover, most patients
will relapse following the cessation of primary enteral feeding, and maintenance
strategies are required; these can include repeated cycles of nutritional therapy or
IM addition.

The mechanisms by which nutritional therapy is active include bowel rest, low-
fat content of the administered diets, a change in the commensal microbiota profile.
The low antigen does not seem to explain the effectiveness since polymeric formulae
containing whole proteins are as efficacious as elemental and semi-elemental formu-
lae [32].
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Antiobiotics/Probiotics

Antibiotics have proven to be useful and efficacious in certain clinical settings.
Metronidazole is used to treat perirectal fistula, although recurrence rates are high
and toxicity (e.g., paresthesias) often limit its use. Ciprofloxacin is also used in this
setting, but data are limited. In perianal disease characterized by abscesses and fis-
tulae, the combined parenteral administration of metronidazole and ciprofloxacin is
given prior to the beginning of biological therapy. Metronidazole has also been
shown to decrease the likelihood of endoscopic recurrence at 3 months and clinical
recurrence at 1 year following ileal resection and primary anastomosis in patients
with CD.

Probiotics have not been reproducibly shown to alter the natural history of CD.
They have been shown to be helpful in the prevention and treatment of pouchitis in
UC patients following colectomy, whereas reports in CD patients are controversial
and generally not enthusiastic. 
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Perianal Disease
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Introduction

Perianal Crohn’s disease (PACD) refers to the involvement of the perianal and per-
ineal region in the inflammatory process of the disease. Perianal disease is a frequent
complication of Crohn’s disease (CD), can result in morbidity and low quality of
life, and its management is difficult and controversial [1]. Despite recent advances
in the diagnosis and treatment of PACD, the primary goals of management remain
unchanged: relief of symptoms, control of sepsis, and avoidance of permanent
stoma. The complete healing of perianal lesions remains a goal for the future. 

The incidence of perianal disease in Crohn’s patients, as reported in the litera-
ture, ranges from 15 to 43%. In one-third of patients, it is associated with ileal dis-
ease, and in one-half of the patients with colorectal disease [2]. The incidence of
PACD in rectal involvement of the disease increases to 90%. In two population-
based studies [3,4], the incidence of PACD was 23% (Stockholm County study) and
38% (Olmsted County study).

The transmural inflammation characteristic of CD often results in the formation
of fistulas [5]. Perianal fistulas may arise from inflamed anal glands and/or penetra-
tion of ulcers of the rectum or anal canal. PACD most commonly presents with peri-
anal abscesses and fistulas, causes significant morbidity, and significantly jeopard-
izes patients’ quality of life. Luminal and cutaneous bacteria may play a role in the
development and maintenance of fistulas in CD [6]. Perianal fistulas represent the
first manifestation of CD in approximately 10% of patients and in 5% they represent
the only symptom of the disease [7]. Anovulvar and rectovaginal fistulas occur in
3–10% of women affected by CD and are challenging to treat. PACD may also pres-
ent with anal fissures and ulcers, skin tags and hemorrhoids, fecal incontinence, anal
stenosis, and, rarely, anal cancer [8]. 
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PACD is a predictive factor for the development of severe CD [9] and is frequent-
ly associated with intestinal fistulization, especially in the presence of Crohn’s coli-
tis [10]. Perianal disease can be highly disabling for patients, in terms of symptoms,
hospitalization, and the need for surgery (Fig. 16.1). Significant variables for dis-
abling PACD are age at onset below 40 years, presence of perianal lesions at diagno-
sis, and a requirement for steroids for treating the first flare [11].

Diagnosis 

Accurate evaluation of PACD, especially perianal fistulas, is essential to providing
effective and safe treatment for these patients. Clinicians should have a high index of
suspicion for PACD in any patient suffering from CD, and a high risk of suspicion of
CD in patients with complex and recurrent fistulas, edematous skin tags, or
anal/perianal ulcers [12]. An accurate anal and perianal examination should be per-
formed routinely in all patients with CD, inspecting the region for evidence of
indurations, erythema, fistulous openings, multiple or eccentric fissures, ulcerations,
edematous skin tags, pus discharge, pain, fluctuance, stenosis, and masses.
Examination under anesthesia (EUA) demands surgical attendance, constitutes the
gold standard for anatomical definition, and can be supplemented with imaging tech-
niques (Fig. 16.2).

In the presence of known or suspected PACD, diagnostic tools are frequently
focused on defining the type, location, and nature of perianal involvement.
Diagnostic tools have improved over the last decade, which has changed the goal of
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Fig. 16.1 Complex perianal Crohn’s disease, with multiple fistulas and abscesses, ulcerated skin
tags, and disruption of sphincters



treatment from symptomatic improvement to complete cessation of drainage and, in
selected cases, to fistula healing. An accurate understanding of fistula anatomy is
essential, and the first priority of the treating physician is to define the anatomy of
the PACD. Incomplete or inadequate identification of the fistula and the associated
pathology can result in poor clinical outcomes [2].

Transanal endoscopic ultrasound (EUS) is a highly sensitive technique for the
detection of abscesses and fistula tracts, especially in combination with the use of
hydrogen peroxide, but the interpretation of the examination is user-dependent and it
cannot be used in patients with severe anal tenderness [13,14]. A new modality of
EUS is static transperineal ultrasound, in which an ultrasound transducer is applied
directly on the perineal skin. The procedure is less invasive than the former and can
be used also in patients with anal pain and stenosis [15].

In the pre-treatment assessment of PACD, colonoscopy is essential to identify
active colorectal disease, to perform biopsies on lesions of the colon-rectum and anal
canal, and to view internal openings of fistula tracts. Fistulography, contrast enema,
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16 and defecography are helpful in localizing fistula tracts, associated abscesses, or sec-
ondary fistulas, but they cannot define the relationships with the anal sphincter, and
their accuracy is < 50%. Fistulography is painful and can disseminate septic content;
therefore, this technique should no longer be performed [16]. Classically, computed
tomography is considered not useful in the diagnosis of PACD, as it has an accuracy
of < 60% and the spatial resolution of the pelvis is poor [17].

Pelvic and perineal magnetic resonance imaging (MRI), performed with phased-
array or an endoanal coil, can be used to classify perianal fistulas and shows high
diagnostic accuracy [18]. A prospective study found that the accuracy of MRI, EUS,
and EUA in classifying PACD was 87, 91, and 91%, respectively [19]. The authors
suggested that a combination of MRI or EUA with EUS provided an accuracy of
100%. Buchanan et al. [20] reported a linear trend in the proportion of correctly clas-
sified tracts of 90% for MRI, 81% for endoanal ultrasound, and 61% for EUA.

Classification

At present, there are no validated anatomical or clinical classifications of PACD. The
most commonly used anatomical classification of fistulas is that proposed by Parks et
al. in the mid-1970s [21], in which the external anal sphincter is the anatomical point
of reference for the description of fistulous tracts. Perianal fistulas can be classified as
low (below the dentate line) or high (above the dentate line).The fistula is further con-
sidered superficial if the tract lies below the internal and external anal sphincter; inter-
sphincteric, if the fistula tracks between the internal and external anal sphincters;
trans-sphincteric, if the fistula tracks from the intersphincteric space through the exter-
nal anal sphincter; suprasphincteric, in which the fistula leaves the intersphincteric
space over the top of the puborectalis and penetrates the levator muscle before track-
ing down the skin; and extrasphincteric, if the fistula tracks outside of the external
sphincter and penetrates the levator muscle into the rectum (Table 16.1). Superficial,
intersphincteric, and low trans-sphincteric fistulas, without extensions and/or abscess-
es and anal strictures, are considered simple; those that are high trans-sphincteric,
suprasphincteric, extrasphincteric, multiple, and recurrent are considered complex
[22]. Complex fistulas carry a worse prognosis in relation to the need for surgery and
its extent, but no medical trials have stratified fistulas regarding their complexity.

The Cardiff classification is a TNM-like classification in which each major mani-
festation of PACD, (ulcer, fistula, and strictures) is graded along a scale of 0–2. A mod-
ification of the original classification added associated anal lesions, intestinal location
of CD, and activity of PACD [23]. Nonetheless, this classification has never gained
widespread acceptance in clinical practice.

The most comprehensive and frequently applied measure of PACD is the perianal
disease activity index (PDAI), which evaluates five categories affected by perianal dis-
ease, including discharge, pain, sexual activity, type of disease, and degree of induration
[24]. Each category is graded on a 5-point scale, ranging from no symptoms (score 0)
to severe symptoms (score 4). However, the PDAI has yet to be validated.



In the Montreal modification of the Vienna classification, PACD was added as

separate sub-classification, because it is not ever associated with internal fistulizing

disease [25].

Medical Treatment

State of the Art

Treatment options combine medical and surgical management. A multi-disciplinary

approach, involving the surgeon, gastroenterologist, radiologist, pathologist, nutri-

tionist, and, naturally, the patient, is essential for successful treatment of PACD.
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Table 16.1 Patterns of main lesions at first examination under anesthesia (EUA) of 180 patients with
perianal Crohn’s disease (Surgical Department, San Camillo Hospital, Rome, Italy, 1998–2008)

Lesions N (%)

Fistulas

Superficial/intersphincteric 17 (9.5)

Trans-sphincteric 81 (45.0)

Extrasphincteric/suprasphincteric 11 (6.2)

Anovulvar/rectovaginal 18 (10.0)

Rectourethral 2 (1.1)

Multiple 6 (3.3)

Abscesses

Ischiorectal 8 (4.4)

Horseshoe 5 (2.8)

Perirectal/supralevator 4 (2.2)

Hemorrhoids/skin tags 6 (3.3)

Ulcerations/fissures 19 (10.5)

Stenosis 3 (1.7)

Total 180



However, the nature of CD is such that it is currently unrealistic to expect any ther-
apy to be curative. Instead, the main goal of both medical and/or surgical treatments
is to improve and maintain patients’ quality of life. The short- and long-term man-
agement of PACD depends on knowledge of the type and location of the lesions and
the severity of the symptomatology. In the St Mark’s Hospital’s experience, perianal
fistulas in CD need a median of three surgical treatments and 2.6 years to heal [26].

Active PACD is often associated with active luminal disease. The initial aim
should be to treat active disease and sepsis. For complex PACD, the therapeutic
approach involves definition of the anatomy, support of the patient’s nutritional state,
as well as medical and potentially surgical treatment. For medical treatment, the use
of antibiotics (metronidazole, ciprofloxacin), immunosuppressive agents (azathio-
prine, 6-mercaptopurine), and infliximab has grade A relevance in evidence-based
reviews and guidelines [27,28]. Metronidazole and/or ciprofloxacin are appropriate
first-line treatments for simple sepsis and fistulas, as adjuvant therapy for the local
and general sepsis caused by the fistula, and as maintenance treatment in medically
or surgically treated PACD [29–31]. The disease generally responds to antibiotics
after 6–8 weeks and treatment is usually continued for 3–4 months. Due to the need
for prolonged administration of these drugs, attention must be paid to potential
adverse effects. Moreover, due to the risk of persistent neuropathy even after metron-
idazole is stopped, the drug should be discontinued [22]. In a prospective open-label
trial, antibiotics were used as a bridge therapy with azathioprine. Better long-term
results were observed in the group treated with immunosuppressants after antibiotic
treatment [32]. No long-term healing data support the use of antibiotics as mainte-
nance treatment. A recent randomized pilot study compared metronidazole,
ciprofloxacin, and placebo [33]; albeit in the absence of statistical significance,
ciprofloxacin resulted in more responses and remissions of PACD as well as better
tolerance. The effect of combination treatment with ciprofloxacin and infliximab was
assessed in another trial [34], which found that the outcome of fistula healing was
not improved by the addition of ciprofloxacin to infliximab, compared with inflix-
imab alone. In conclusion, antibiotics are effective for improving the symptoms of
the disease but rarely induce complete healing, and relapse is the rule after withdraw-
al of these drugs [28].

Azathioprine (1.5–2.5 mg/kg/day) or 6-mercaptopurine (0.75–1.5 mg/kg/day) is
potentially effective for the treatment of simple fistulas, in the absence of active sep-
sis [35]. A meta-analysis of five controlled trials published in the 1970s and 1980s
demonstrated that 54% of the 41 patients with PACD who received immunosuppres-
sive therapy responded vs. 21% of the patients in the placebo group [36].
Unfortunately, the treatment of PACD was not a primary goal in those studies.

Infliximab is a chimeric murine and human monoclonal antibody to tumor necro-
sis factor alpha (TNF-α), a cytokine implicated in the mucosal inflammatory process
of CD. In a placebo-controlled study, intravenous injection of infliximab (5 mg/kg),
administered as a 3-dose regimen at 0, 2, and 6 weeks, was able to control perianal
sepsis and to induce closure of the draining fistulas’ external orifices [37]. In this
study, the primary efficacy end-point was an achievement of at least 50% reduction
from baseline in the number of draining fistulas for at least two consecutive clinical
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evaluations, with the observation of no draining fistulas upon gentle digital compres-
sion. Complete closure of all fistulas was considered a secondary end-point. The pri-
mary end-point was achieved in 68% of patients compared with 26% of those in the
placebo control group (P = 0.0002), while the secondary end-point was demonstrat-
ed in 46% vs. 13% of patients, respectively (P = 0.001). 

In the ACCENT 2 trial, maintenance therapy with a 5 mg/kg dose of infliximab
every 8 weeks prolonged the response time [38]. A prolonged response was observed
when immunosuppressive agents were included in the protocol [39]. Infliximab is an
important drug with some adverse effects, but it has been accepted with a recommen-
dation of grade A as a second-line treatment of severe fistulizing PACD by the
British Society of Gastroenterology [27], the American Gastroenterological
Association [40], and the European Crohn’s and Colitis Organisation [28]. In case of
failure of infliximab, the use of azathioprine or 6-mercaptopurine, with antibiotics as
adjunctive treatment, is the approach of choice. 

Adalimumab was tested in three randomized, double-blind, placebo-controlled
trials: CLASSIC 1 [41], GAIN [42], and CHARM [43]. In the two first trials, the
drug was not found to be superior to placebo for the treatment of perianal fistulas. In
the latter trial, adalimumab was associated with improved fistula healing, as deter-
mined at a follow-up of 56 weeks.

The randomized data on the effects of certolizumab pegol in fistula closure are
ineffective, and additional investigations are required [44,45].

Current Treatment Approaches

Several treatments have been proposed and studied in uncontrolled case series, such
as CsA, enteral or parenteral nutrition, mycophenolate mofetil, methotrexate,
thalidomide, granulocyte colony-stimulating factor (sargramostim), methotrexate,
and hyperbaric oxygen, but none are recommended for standard practice [28, 40].

The use of calcineurin inhibitors (cyclosporine, tacrolimus) was investigated in
an uncontrolled case series. A small placebo-controlled trial showed that oral
tacrolimus (0.2 mg/kg/day for one month) was effective at improving but not healing
perianal fistulas in CD; in addition, serious adverse effects were reported in the
tacrolimus group [46].

A recent Japanese multi-center, randomized, double-blind trial compared oral
spherical adsorptive carbon (AST-120) with placebo in the treatment of intractable
Crohn’s perianal fistulas. The drug has been hypothesized to reverse abnormalities in
the luminal environment and in the gut microflora, with the improvement of intestin-
al immune responses and mucosal repair. Improvement rates were 37% in the treated
group vs. 10% in the placebo group, with good tolerance of the drug [47], but long-
term results are not yet available.

Local treatment with metronidazole or tacrolimus ointment appeared to be effec-
tive in the control of active anal ulcerations in CD, but the efficacy of these drugs in
the presence of fistulas is unclear [48,49].
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Surgical Treatment

State of the Art

Surgical treatment of PACD can be divided into two main categories, urgent treat-
ment, which is mainly aimed at controlling perineal sepsis by adequate drainage, and
elective treatment of the perianal sequelae of perianal sepsis. The rate of perianal fis-
tulas requiring surgical treatment is nearly 30% [50]. Due to the absence of con-
trolled trials, the role of surgery in PACD has yet to be defined, and the grade of rec-
ommendation remains C in all guidelines [27,28].

In an urgent and emergent setting, EUA is required for diagnosing the source of
the sepsis and for draining simple or deep abscesses without concomitant fistuloto-
my. If a fistula is reached, a loose seton is inserted through the fistula tract to ensure
continuous drainage. Premature removal of the seton should be avoided because of
the risk of recurrent sepsis [51,52].

Elective surgery includes procedures for non-fistulous complications, such as
dilatation of anorectal strictures, and, more commonly, for the treatment and repair
of perianal fistulas not responsive to medical treatment. Treating perianal fistulas in
CD is challenging because of poor wound healing and the risk of incontinence.
Selection of the surgical approach depends on the type of fistula, previous surgical
treatments, the severity of symptoms, and current continence. 

The rates of spontaneous fistula closure are low, ranging from 6 to 13% in place-
bo-treated patients in randomized studies [37,38]. Spontaneous closure increases to
50% in simple fistulas [53]. Asymptomatic simple perianal fistulas and low anovul-
var fistulas do not need surgical treatment. In the presence of symptomatic simple
fistulas, fistulotomy or loose seton placement, associated with antibiotics, is the
approach of choice.

A fistulotomy or fistulectomy should be performed only on low and simple fis-
tulas, in patients without active rectal disease, with well-controlled proximal luminal
disease, and with adequate continence. The fistula tract should be identified and
probed throughout its length. Following preoperative and intraoperative assessment,
the fistula is laid open (fistulotomy) or excised (fistulectomy) and the tract is curet-
ted. Anovaginal and rectovaginal fistulas should not be treated with fistulotomy in
PACD, even with low fistulas, due to the risk of incontinence and damage to the rec-
tovaginal septum [54]. Simple fistulas, in the absence of active rectal involvement by
CD, have an excellent response to fistulotomy, with healing rates of 70–100% [55]. 

Some studies have demonstrated impaired wound healing after fistulotomy or fis-
tulectomy in the presence of active rectal disease [7]. Several authors recommend a
more conservative approach in such patients, with the placement of a loose non-cut-
ting seton rather than fistulotomy, as it provides adequate drainage of the fistula tract
and may be left in place for a long time, until the inflammatory process becomes qui-
escent [55,56]. A fistulotomy or fistulectomy should not be performed in patients
with complex perianal fistulas because of the significant risk of anal incontinence,
due to transection of both the internal and external anal sphincters.
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The best results and outcome have been achieved when surgical and medical ther-
apies are used in conjunction. This allows for the control of fistula healing during
medical treatment. In fact, the rate of abscess formation during treatment with inflix-
imab is high (11–15%) and the rate of prolonged fistula closure is relatively low
(36%) [37,38,57]. Two studies demonstrated that patients submitted to EUA before
infliximab treatment were significantly less likely to have fistula recurrence com-
pared with patients who did not require surgical drainage [58,59]. The combination
of endovenous infliximab and seton drainage was shown to heal the fistulas in up to
47% of patients [60], but the long-term healing rates are low [61].

Occasionally, temporary diverting ileostomy or colostomy is required to control symp-
toms and to induce the remission of severe perianal lesions [62,63]. A diverting stoma can
rapidly restore the quality of life in highly symptomatic patients [28]. However, restoring
the intestinal passage carries a high risk of recurrent fistulas and sepsis, possibly resulting
in a decreased quality of life compared to treatment by fecal diversion.

Active intestinal disease should be appropriately treated with the aim of reducing
diarrhea, which irritates the perineal area. Some authors have suggested that, if
PACD persists in the presence of active luminal disease, resection of the involved
bowel can improve the perineal manifestations—but practical use of this approach is
controversial [64,65] and PACD alone is not an indication for intestinal resection.

In extremely severe cases resistant to both medical and surgical therapy, proctec-
tomy or proctocolectomy, with permanent ileostomy, may be required [66]. The risk
of permanent fecal diversion is substantial in patients with complex PACD, active
colorectal disease, and/or fecal incontinence, while there is no or only very low risk
in patients with PACD who require surgery for small bowel disease or segmental
colon resection [67]. In complex PACD, diversion before proctectomy may allow
healing of perianal lesions and it avoids the risk of a persistent non-healed perineal
wound, frequently associated with the procedure. 

The endorectal advancement flap is a surgical technique for repairing complex
fistulas, with preservation of a continent sphincter. Closure of the fistula’s internal
opening is achieved using a rectal flap; therefore, the procedure is not possible in the
presence of active rectal disease [68, 69]. The main indications of the procedure are
anterior and rectovaginal fistulas [70]. The reported average success rate in patients
treated with endorectal advancement flap, as reported in the indexed literature, is
about 50%, ranging from 25 to 100%.

In patients with rectovaginal symptomatic fistulas, surgery is usually necessary.
According to the ECCO’s guidelines, rectovaginal fistulas not responding to conser-
vative treatment should be submitted to an advancement flap and/or diverting stoma
if they are associated with major symptomatology [28].

Current Treatment Approaches

Instillation of fibrin glue, a blood product derived from the activation of thrombin to
a fibrin clot, is a simple procedure for sealing perianal fistulas. The fibrin clot
induces tissue-healing processes while being gradually absorbed by fibrinolysis. In a
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series of mixed cases, success rates of 30–70% were reported [71]. However, fibrin
glue does not have an established role in the treatment of PACD [72].

A bioprosthetic extracellular matrix plug, made from lyophilized porcine intes-
tinal collagen, has been proposed for the closure of anal fistula tracks, with an 86%
healing rate of CD-associated fistulas and a reoperation rate of 28% [73,74]. The
success rate of the plug was reduced in fistulas with multiple tracts [75].

Recently, gracilis muscle transposition has been proposed as a therapeutic option,
in experienced centers, to treat complex perianal fistulas. Wexner et al. [76] report-
ed a 33% healing rate in CD-associated complex fistulas. 

Cornillie et al. [77] demonstrated that the clinical efficacy of infliximab is based
on the drug’s local anti-inflammatory and immunomodulatory effects in the bowel
mucosa, down-regulating adhesion molecules within the lamina propria but without
generalized suppression of systemic immune functions in CD patients. Therefore,
infiltration of infliximab through the mucosal barrier should enhance its effective-
ness. Based on these data, Lichtiger [78] proposed the local injection of infliximab
as an alternative to systemic infusion in patients with mild to moderate PACD refrac-
tory to antibiotics and/or immunosuppressants. Nine patients were treated with a cir-
cumferential and intra-fistula injection of infliximab, with a 50% complete response,
33% partial response, and 17% no response. Poggioli et al. [79] modified the tech-
nique, employing a wide fistulectomy and injection of infliximab in the internal ori-
fice to avoid false closure of the tract. The authors thus treated 15 patients with
severe PACD resistant to previous surgery and medical treatments. Complete healing
of the fistulae, tested with probe examination, was achieved in 66% of the patients
while 20% had a partial response, with control of sepsis but persisting pus discharge;
the condition of 14% of the patients remained unchanged. The authors concluded that
local injection of infliximab is effective in patients with complex perianal disease
untreatable with surgery alone and unable to receive intravenous infliximab. In
another study [80], local infliximab was administered to 11 patients with PACD.
After a mean follow-up of 10.5 months, 36.4% of the patients were in remission
(complete cessation of fistula drainage), 54.5% had a partial response (reduction in
fistula drainage of 50% or more), and 9.1% remained unchanged.

The use of autologous stem cells, obtained from fat and injected around fistula
tracts, was recently proposed. The rate of fistula healing after treatment with local
injection of stem cells plus fibrin glue, in a phase II study, was about 70% in 14
patients with complex PACD [81]. A randomized multi-center trial (FATT-1) is cur-
rently ongoing.

Evaluation of the Response

Within the indexed literature, various definitions have been used to define fistula
healing. No widely accepted and validated definitions or scores are available for
assessing the response of PACD to various treatments, with high variability from
study to study [82]. The more commonly used clinical classification to therapy is that
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of Present et al. [37], which defines healing as a cessation of drainage despite gentle
pressure. This evaluation can vary from investigator to investigator, and other authors
have designed their own scoring systems [79].

According to ECCO statements, in the evaluation of the response to medical or
surgical treatment in routine practice, clinical assessment is usually sufficient. In the
setting of clinical trials, MRI alone or in combination with clinical assessment is
considered mandatory [28].

PACD and Carcinoma

Fistula-associated anal carcinoma must be suspected in all patients with long-stand-
ing PACD. The presence of carcinoma along a perianal fistula tract is rare but must
be considered in patients with PACD, and must be cured with aggressive surgical and
adjuvant chemoradiotherapy [83].
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Introduction

Crohn’s disease (CD) can involve any area of the gastrointestinal tract, but the dis-
tal small intestine, colon, and anal-rectal region are most often affected. The disease
consists of a granulomatous inflammatory process of the bowel mucosa extending to
the deeper layers, with possible transmural involvement. About 30% of patients
require surgery during the first year after the diagnosis is made; thereafter 5% of all
patients per year require surgery. Complications such as fistula formation and per-
ineal communication interfere with vaginal delivery.

Crohn’s disease can occur at any age, but it is most common between the ages of
15 and 30 and thus often affects women of childbearing age. While women with CD
can expect to conceive successfully, carry to term, and deliver a healthy baby, many
issues arise about the impact of CD on pregnancy.

Effects on Fertility

Men with CD who are taking sulfasalazine may be temporarily infertile because in
60% sperm count is decreased. This effect is reversed within 2 months of drug sus-
pension; switching to 5-ASA drugs is advisable. Proctocolectomy in men can cause
impotence, but this is rare. 

Crohn’s disease seems to affect children more severely than adults. A child with
CD may have slower growth and delayed sexual development. In addition, nutritional
complications are common in CD, which, in women, can lead to ovulatory problems.

C. Donadio (�)
Department of Obstetrics and Gynecology, San Camillo-Forlanini Hospital, Rome, Italy

Crohn’s Disease. Roberto Tersigni, Cosimo Prantera (Eds.) 
© Springer-Verlag Italia 2010



Active CD raises the risk of miscarriage. While the overall infertility rate (12%)
is similar to that seen in the general population, patients who had active disease at
the time of conception have a high rate (35%) of spontaneous abortion. Some
patients with extensive perienteric inflammation experience complications due to
concomitant adnexal involvement [1].

Women who have had ileostomies may have lower fertility rates. According to
one review of the literature, post-operative infertility occurs in 48% of women surgi-
cally treated for ulcerative colitis [2]. This is presumably due to scarring of the fal-
lopian tubes. There are similar reports of infertility in CD patients. Indeed, major sur-
gery in pregnant women with CD for acute complications of the disease may carry a
50% risk of miscarriage.

Pregnancy Planning

There is general agreement that conception should be avoided when CD is active [2];
the presence of diarrhea and abdominal pain are good indicators. If the disease is in
remission at the time of conception, the chance of a normal baby is 85% for those
with ulcerative colitis (UC) and 83.5% for those with CD, comparable to the rates in
the general population.

As in the general population, tobacco consumption should be avoided.
Steroid therapy should be modified to the lowest dose possible or avoided entire-

ly if pregnancy is a possibility. Vitamins can be useful and should not be discontin-
ued if a pregnancy occurs. Adequate intake of folic acid prevents neural tube birth
defects such as spina bifida. Sulfasalazine blocks the absorption of folic acid.

Methotrexate can cause abortion and skeletal abnormalities; it should be discon-
tinued 3 months prior to conception, if possible. It should not be taken during preg-
nancy either by a woman who is trying to conceive or by the potential father.

Ileostomy patients should wait for a year after surgery to become pregnant in order
to reduce the risk of the ileostomy dropping or becoming blocked during pregnancy.

Sparse observations indicate that intestinal disease has a smoother course during
pregnancy in patients who had previously undergone surgery for disease treatment [3].

Effects of Crohn’s Disease on Pregnancy

The rate of preterm deliveries is higher in women with a subsequent diagnosis of CD
than in controls and the birth weight of children of mothers who later developed CD
is lower than that of controls. Most likely, factors that might predispose to preterm
delivery (inflammation, nutritional deficiencies, immunological or neurological dis-
turbances) were already present in the future CD patients or certain etiological fac-
tors may predispose both to CD and to preterm delivery and low birth weight.

There is a strong association between CD and the risk of adverse birth outcomes.
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Particularly, large cohort studies [4,5] have shown two- to three-fold increased risks
of low birth weight (LBW) and preterm birth in women with inflammatory bowel dis-
ease (IBD). LBW and preterm birth are closely associated with increased early and
late childhood mortality and morbidity. This may be due to the presence of inflam-
matory mediators, which stimulate uterine contractions by facilitating the production
of prostaglandins. Preterm birth incidence was higher in iatrogenically induced
births, possibly because of concerns regarding fetal or maternal well-being [6,7].

The incidence of most pregnancy complications was comparable [3] between
patients with CD and controls, but the incidence of poor maternal weight gain dif-
fered significantly between the two groups.

Effects of Pregnancy on Crohn’s Disease

A study of 70 pregnancies [8] using the Harvey-Bradshaw index indicated that, dur-
ing pregnancy, disease activity is mildly but significantly lower than during the year
preceding pregnancy and during the year following delivery. Likewise, the use of
therapeutic drugs was significantly lower during pregnancy. Incidentally, the reduc-
tion of tobacco consumption during pregnancy in smokers with CD may play an
important role in this improvement.

For patients with CD in remission at conception, about a quarter will suffer dis-
ease relapse in the following 12 months, no different than non-pregnant CD patient.
For patients with active disease at the time of conception, one-third will improve and
one-third will worsen. Flare-up of CD was seen in 13 out of 65 women evaluated
(20%) [3]. The rate of relapse in pregnant women with CD is about 25% if they are in
remission at the time of conception, according to Danish pregnancy registry data [4].
Patients who had active CD at the time of conception continued to have symptoms and
their disease mostly failed to go into satisfactory remission despite therapy.

Genetic differences between mother and child might correlate with disease activ-
ity. Testing the DNA of mothers and children has shown that, the more genetically dif-
ferent the baby is from the mother, the better the mother feels during the pregnancy. 

Effects on the Fetus

The greatest differences in a comparison of patients with CD and normal controls
with respect to neonatal outcomes were in terms of birth weight and birth weight per-
centile [3]. Overall, the rate of small for gestational age (SGA) births in the CD
group was 24.6%, compared with only 1.5% in the control group. Ileal CD was a sta-
tistically significant predictor of SGA birth, whereas previous bowel resection trend-
ed toward statistical significance.

An often cited [1–6] meta-analysis of 12 prior studies encompassing 3,907
patients with IBD, including 1,952 with CD (63%), and 320,531 controls reported a
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1.87-fold increase in the incidence of prematurity. In addition, the incidence of LBW
was more than twice that of normal controls. Women with IBD were 1.5 times more
likely to undergo caesarean section. The risk of congenital abnormalities was found
to be 2.37-fold higher. The greater risk of LBW and caesarean section was signifi-
cant only in patients with CD. When the analysis was restricted to the higher-quality
studies, there was no greater risk of congenital abnormalities.

Management of Crohn’s Disease in Pregnancy

Some CD diagnostic procedures can be performed during pregnancy at any time,
e.g., colonoscopy, sigmoidoscopy, upper endoscopy, rectal biopsy, and abdominal
ultrasound. However, X-ray and computed tomography (CT) scans should be avoid-
ed. Magnetic resonance imaging (MRI) appears to be safe during pregnancy, but a
risk associated with the procedure cannot be ruled out.

The incidence of poor maternal weight gain differed significantly between
patients with CD and normal controls [3], emphasizing the importance of maintain-
ing a healthy, well-balanced diet during pregnancy. Supplements, vitamins, and min-
erals in conjunction with a regular diet are advisable.

Symptoms of IBD, such as diarrhea or constipation, can increase the risk of hem-
orrhoids. The typical forms of hemorrhoid management is permissible (Kegel exer-
cises, keeping the anal area clean, avoiding sitting and standing for long periods of
time and heavy or moderate lifting, and using suppositories or creams for treatment). 

Physicians should treat a severe flare-up of IBD that occurs during an unplanned
pregnancy very aggressively. Achieving remission is important to help ensure that the
pregnancy is as healthy as possible.

Drug Therapy during Pregnancy

Pharmacological therapy for CD during pregnancy is similar to that for non-pregnant
patients. Patients maintained in remission by way of pharmacological therapy should
continue their medications throughout pregnancy [9]. 

According to the FDA’s Drug Categories, drugs administered in pregnancy are
classified as follows: (A) studies in pregnant women have not shown increased fetal
risk; (B) animal studies show no harm to the fetus but there are no adequate studies
in pregnant women or animal studies show an adverse effect, but well-controlled
studies in pregnant women do not show a fetal risk; (C) animals have shown adverse
effects but there are no study on pregnant women or no data are available for animal
or human pregnancies; (D) studies in pregnant women have demonstrated risk to the
fetus; (X) studies in animals or pregnant women have demonstrated positive evidence
of fetal abnormalities. 

Some drugs commonly used for the treatment of IBD are safe for use by pregnant
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women (category B). These are: drugs of the aminosalicylate class (5-ASA drugs),
sulfasalazine, forms of esalamine (mesalamine, balsalazide, olsalazine), and pred-
nisone, which is the only form of cortisone with very limited transplacental passage.

The immunosuppressive drugs azathioprine (Imuran, category D) and 6-mercap-
topurine (purinethol or 6-MP, category D) do cross the placenta. Nonetheless, they
are recommended, with caution, by some physicians for women patients during preg-
nancy who experience a serious disease flare-up. Danish birth registry data show
greater risk of preterm birth and congenital abnormalities among patients prescribed
AZA/6-MP throughout their pregnancies. In this group, the risk of preterm birth and
congenital abnormalities was 4.2 and 2.9, respectively. These drugs are prescribed in
more severe cases, so disease activity may have been a confounding factor [5,10].

Cohort studies examining the effect of 6-MP on conception and during pregnan-
cy are less worrisome. One study, involving 155 patients (79 female) with 325 preg-
nancies, included patients who took 6-MP but stopped the drug before conception
(84 conceptions from 40 women and 44 men). This group was compared with
patients who conceived on 6-MP (61 pregnancies from 24 women and 37 men),
patients who stayed on 6-MP from conception to term (15 conceptions), and patients
who had not been exposed to 6-MP prior to pregnancy (165 pregnancies from 92
women and 73 men). Among these groups, there was no statistical difference in con-
ception failures (defined as a spontaneous abortion), abortion secondary to a birth
defect, major congenital malformations, neoplasia, or increased infections.

Methotrexate (category X) and thalidomide (category X) are two immunosup-
pressive drugs that absolutely should not be used during pregnancy as they have seri-
ous effects on an unborn child. Methotrexate can cause abortion and skeletal abnor-
malities, and thus should be discontinued 3 months prior to conception, if possible.
Thalidomide is well-known for causing limb defects as well as other major organ
complications in a fetus.

Biological drugs, such as infliximab (Remicade, category C) and adalimumab
(Humira) seem to be safe for use during pregnancy as well. 

Vitamins and supplements should be continued during pregnancy. Sulfasalazine
must be associated with folic acid supplementation. 

Antibiotics are used to treat bacterial overgrowth in the small intestine caused by
stricture, f istulas, or prior surgery. For this common problem, ampicillin,
cephalosporin (category A), sulfonamides, or metronidazole can be used.
Metronidazole (Flagyl, category B) may not be safe for the fetus after the first
trimester. Although one study showed that metronidazole did not cause birth defects
in the first trimester, no long-term studies have been conducted. Tetracyclines are
best avoided during pregnancy.

Due to the potential side effects of antidiarrheal medications, such as Imodium
and Lomotil, pregnant women should avoid these drugs, especially during the first
trimester. Use of narcotic antidiarrheals, such as codeine, also should be avoided
because of possible newborn addiction. 
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Drug Therapy and Breastfeeding

Drugs in the aminosalicylate class (5-ASA drugs) allow safe breastfeeding; however,
since all show anti-folic-acid effects, supplementation might be in order. 

Breastfeeding while taking steroids in moderate to high doses mandates monitor-
ing of the baby by a pediatrician. Breastfeeding should not be allowed during
methotrexate treatment. Other immunomodulators and immunosuppressives should
be used with care. Biological drugs such as infliximab (Remicade) and adalimumab
(Humira) do not appear to be secreted in breast milk [9].

Obstetrical Management

Therapeutic abortions should not be advised, even as a therapeutic option for IBD
flare-up during pregnancy. Concern about disease complications or the teratogenic
effect of drug treatment are not justified and the presence of a congenital abnormal-
ity should be documented [7,10].

Delivery Timing and Route

Elective preterm birth is still the most important single cause of perinatal mortality
and morbidity and should be avoided if possible [6].

Women with IBD were 1.5 times more likely to undergo caesarean section such
that the rates of the procedure were higher in women with Crohn’s disease (20.9%)
than in the general population (15%) [11].

Patients with inactive perianal disease had no relapse during 1 year of follow-up
postpartum. Of 39 vaginal deliveries in women with no known perianal disease, only
one ultimately showed evidence of disease within 1 year of postpartum follow-up. It
can thus be concluded that patients with either no history or inactive perianal disease
at the time of giving birth have are at very low risk of relapse. Cesarean section is
not justified in these patients. 

Women who become pregnant and have had previous surgery for IBD, such as
colectomy, ileostomy, or one of the newer operations, e.g., continent ileostomy (Kock
pouch) or ileoanal anastomosis, should be able to have a normal vaginal delivery,
which is preferable to a Caesarean section unless there are obstetrical reasons to per-
form the latter. Women with active perineal disease (e.g., rectovaginal fistulas or
abscesses) are strongly recommended to undergo Caesarean section. 

During the course of the pregnancy, enlargement of the abdomen may cause some
problems with the size of the ileostomy, necessitating a larger appliance. Also, a pro-
lapse of the ileostomy may occur. As the pregnancy progresses, however, a woman
who has undergone ostomy surgery should avoid wearing a belt, which can increase
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abdominal pressure and cause further prolapse of the ileostomy. At the end of the
third trimester, the ileostomy may be displaced by the uterus, leading to partial
obstruction of the small intestine. This may require the induction of labor earlier than
the expected date of delivery. 

Disease Inheritance

Crohn’s disease does run in families, especially in Jewish families whereas Africans
seem less affected. There is no sex prevalence. Children who have one parent with
CD have only a 7–9% lifetime risk of developing the condition, and just a 10% risk
of developing a form of IBD. If both parents have IBD, this risk is increased to about
35% [1,5,10].

Individuals with CD have a 20% chance of having an affected relative. 
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Historical Background 

The correlation between inflammatory bowel disease (IBD) and articular involve-
ment has long been well known, but a nosographic classification was proposed only
in the early 1970s, when two clinical forms of chronic intestinal inflammation were
identified: Crohn’s disease (CD) and ulcerative colitis (UC). Both conditions were
considered to be responsible for the peculiar forms of arthritis seen in a subset of
patients with seronegative spondyloarthritides (SnSp) (Fig. 18.1) [1]. Numerous
clinical and experimental findings subsequently drew strong attention to the enor-
mous relevance of the relationship between IBD and either axial or peripheral artic-
ular inflammations [2,3].

G. Minisola (�)
Rheumatology Unit, San Camillo-Forlanini Hospital, Rome, Italy 

Crohn’s Disease. Roberto Tersigni, Cosimo Prantera (Eds.) 
© Springer-Verlag Italia 2010

Fig.18.1 linical conditions belonging
to the group of seronegative
spondyloarthritides (SnSp). IBD,
inflammatory bowel disease;
SAPHO, synovitis, acne, pustulo-
sis, hyperostosis, osteitis
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18 The first reports on the correlation between ankylosing spondylitis (AS) and IBD
originated in the mid-1980’s and were of particular interest, as they described a high-
er incidence of Klebsiella pneumoniae in the stool of subjects with active AS [4].
This finding allowed researchers to propose that antigenic fractions of gram-negative
bacteria passed through the intestinal wall and could evoke an immune response able
to cross-react with cellular structures of the antigen, due to molecular mimicry with
histocompatibility antigen HLA-B27. According to this hypothesis, consequent com-
plement activation would explain why the inflammation became chronic; however,
why the inflammatory reaction specifically localizes to articular and periarticular
structures was unclear.

During the same period of time, ileocoloscopy performed in a population of
patients with SnSp showed the presence of lesions with variable degrees of inflam-
mation; in some cases, these lesions could not be distinguished from the ones typi-
cally caused by CD. Surprisingly, it was shown that in 75% of patients with a diag-
nosis of AS intestinal lesions could be detected at the histological level; these
lesions, although sometimes minimal, were indicative of an inflammatory state [5].

In the following years, a possible correlation with inflammatory arthropathies
was ascertained for other bowel diseases as well, including Whipple disease and by-
pass arthritis.

Arthropathies Associated with Crohn’s Disease: General Considerations

Crohn’s disease is associated with many extraintestinal manifestations, many of
which are clinically more significant than the intestinal disease itself. The incidence
of symptomatic arthropathies associated with CD reportedly ranges from 4 to 29%
[2,6,7]. A genetic susceptibility has been recognized; these patients show a familial
pattern for rheumatic diseases and for inflammatory conditions involving the bowel.
There is no gender difference with respect to frequency. Rheumatological manifes-
tations seem to be significantly more frequent when the disease is limited to the
colon [8]. 

Joint involvement in CD belongs to the field of enteroarthritides, a term used to
identify arthropathies caused by or associated with bowel diseases. Enteroarthritides,
a subset of SnSp, include the medium and major joint arthritides, mainly of the lower
extremities, small joint arthritis of the hand and foot, sacroiliitis (SI), AS, and enthe-
sitis. The pathogenetic factors that explain the association of arthropathies with CD
are unknown, but an important role seems to be played by autoimmune mechanisms,
including: loss of tolerance to autologous bowel flora in response to a persistent local
inflammatory stimulus, autoantigen display, aberrant recognition of self,
immunopathogenetic autoantibodies against cellular antigens shared by bowel and
joints, and the presence of microbial antigens or toxins able to trigger molecular
mimicry [9].

It is clinically remarkable that in many patients the intestinal manifestation is so
mild (or even absent) that it cannot be detected. However, when present, signs and



symptoms of intestinal involvement frequently consist of abdominal pain and diar-
rhea containing mucus, pus, or traces of blood. These may appear years before the
articular symptoms but sometimes joint involvement precedes the onset of bowel dis-
ease and is thus its first symptom [10]. For this reason, early identification of artic-
ular manifestations as symptoms of CD is critical for appropriate treatment choice
and to avoid mistakes in disease management.

From the anatomopathological viewpoint, intestinal lesions almost always appear
before articular lesions. The latter consist of non-specific synovitis with synovial cell
hyperplasia, fibrin deposits, increased vascularization, and the presence of cell infil-
trates rich in neutrophils, lymphocytes, plasma cells, and macrophages. In some
cases, there is also a granulomatous component with epithelioid giant cells that
appear very similar to those seen in the intestinal mucosa. 

When the articular and the intestinal components are clinically evident, episodes
of acute colitis are often associated with recurrent joint involvement, sometimes in
an acute form, although the two components may be clinically independent. The rela-
tionship between the severity of the intestinal inflammation and that of the arthropa-
thy is questionable, but there does seem to be a correlation between the extent of
bowel disease and the severity of joint involvement. Surgical treatment of the intes-
tinal disease yields no resolution of the peripheral arthritis, in contrast to what hap-
pens in UC.

Arthropathies Associated with Crohn’s Disease: Diagnostic Aspects

To establish a diagnosis, it is necessary to perform instrumental tests in all cases of
arthritis and SpSn not yet reported in the nosography or difficult to classify, with the
aim of assessing bowel conditions, especially if the patient’s medical history reveals
signs and symptoms suggesting intestinal disease. When a classical radiograph of the
digestive tract and double-contrast barium enema are not sufficiently informative,
the only means to disclose even minimal signs of CD is an endoscopic examination.
Laboratory diagnostics are performed to detect biohumoral abnormalities suggestive
of an inflammatory state and its relevant severity.

Depending on the case, instrumental diagnostics in rheumatology are based on
conventional radiology, bone scintigraphy, CT, MRI, and ultrasonography. A classi-
cal categorization of arthropathies associated with CD is axial vs. non-axial (or
peripheral) arthritides, depending on the location of the involved joint. Axial
arthropathies include SI and AS and are often associated with the presence of anti-
gen HLA B-27. Non-axial (or peripheral) arthropathies are further categorized as
type 1 (or peripheral oligoarticular) if no more than four joints are involved, and type
2 (or peripheral polyarticular) if at least five joints are involved. Discriminating fac-
tors between the two types also include genetic susceptibility, prevalence, size of the
involved joints, as well as the duration of acute episodes and their correlation with
bowel disease activity and other extra-articular manifestations (Table 18.1). In con-
trast to UC, the prevalence of arthropathy shows a less important correlation with the
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extent and severity of arthritis and with the frequency of other extraintestinal mani-
festations.

Oligoarticular Peripheral Arthropathy ( Type 1)

Type 1 arthropathy is episodic and recurrent in nature and mainly involves the large
joints of the inferior limbs, in particular those subject to load or intense and contin-
uous strain. The most frequently involved joints are the knee and ankle, while the
elbow, wrist, and shoulders are less often affected. The onset of arthritis and intes-
tinal disease is usually contemporary. 

In the initial stages, there is an acute arthritis, which reaches a peak within 48 h
after onset, synchronously with the recurrence of acute enteritis. The involved areas
become hot and swollen; active and passive mobilization make spontaneous pain
more intense. Analysis of the synovial fluid shows non-specific signs of inflamma-
tion, but since CD can cause septic arthritis as a complication, a laboratory culture
is recommended. In addition, type 1 peripheral arthropathy is frequently associated

Table 18.1 Characteristics of arthropathies associated with Crohn’s disease

Oligoarticular Polyarticular Axial arthropathy
peripheral peripheral
arthropathy (type 1) arthropathy (type 2)

Prevalence ~29% ~20% ~12% 
Up to 50% for 
asymptomatic 
sacroiliitis

HLA genetics B-27 B-27, B-35, DR- B-27
B1*0103

Most affected joints Large joints Small joints Sacroiliac, spine

Course Transient Persistent Trend to progression

Association with Yes No No
bowel disease
activity

Other associated Erythema nodosum, Uveitis Uveitis
extra-intestinal uveitis
manifestations

Onset vs. bowel Generally at the same Generally at the same Generally before
time time



with other extraintestinal manifestations, including erythema nodosum and uveitis.
Resolution of the arthropathy occurs after several weeks, without permanent conse-
quences, but in 10% of patients there is a tendency to chronicity. 

When the presence of an intestinal disease is uncertain or difficult to diagnose, it
is necessary to consider the possibility of a rheumatic disease of inflammatory
(rheumatoid arthritis, other subsets of SnSp), degenerative (osteoarthritis), metabol-
ic (gout, chondrocalcinosis), infective (septic arthritis), or other (steroid- and non-
steroid-induced osteonecrosis, osteodystrophy) nature. 

Polyarticular Peripheral Arthropathy ( Type 2)

Type 2 arthropathy mainly affects the small joints of the hands and feet, almost
always symmetrically. As is the case in type 1, the onset of arthropathy and intestin-
al disease are usually contemporary. Also as in type 1, the polyarticular arthritis is
typically seronegative, non-erosive, and non-deforming.

In type 2 arthropathy there is a dissociation between objective signs of joint
involvement, which might be minimal, and pain symptoms, which can be intense.
The disease may last for several months and its course is independent of the intestin-
al disease activity phase. It may be associated with uveitis but not with other extrain-
testinal manifestations. 

In case of doubt as to the diagnosis, then osteoarthritis, rheumatoid arthritis, other
subsets of SnSp, and iatrogenic forms originating from the use of azathioprine and
mesalazine or the discontinuation of long-term steroid therapy must be excluded. The
differential diagnosis between type 2 arthropathy and rheumatoid arthritis can be par-
ticularly difficult when metacarpophalangeal and metatarsophalangeal articulations are
affected. In these cases, two useful typical signs of enteroarthritis are the weak tenden-
cy to bone fusion and the presence of reactive bone neoformation. 

Axial Arthropathies

This group include SI and AS. The onset of either one usually occurs before the
onset of enteritis and does not correlate with the course of the disease.

In many CD patients (up to 50%), the asymptomatic form of SI may be detected
radiologically (Fig. 18.2) [11]. The less-frequent symptomatic form presents as pain
in the sacroiliac joints, possibly spreading to the most inferior area of the lumbar
and pelvic regions. Mobilization tends to relieve pain symptoms, which also may be
present at night. The application of digital pressure on the sacroiliac joints causes
acute pain sensation. In CD patients, it is important to evaluate any involvement of
the sacroiliac joints through appropriate diagnostic imaging exams. SI may be
monolateral and asymmetric; it is not associated with HLA-B27.

AS and its relevant concomitant peripheral arthropathies tend to evolve inde-
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pendently of the course of the intestinal disease and its surgical treatment. The onset
tends to occur at young age, presenting as morning stiffness and persistent pain in
the lumbar area during both night and day time. There is a tendency to for the pain
to spread, involving the pelvis and thighs as well. It may be associated with enthe-
sitis (of the plantar fascia, Achilles tendon, or patellar ligament), uveitis, and
peripheral arthritides involving, often aggressively and destructively, the hips,
knees, and shoulders. The objective examination shows kyphotic posture of the lum-
bar spine, absence of common lumbar lordosis, and more or less marked limitation
of spinal movements, flexion in particular. In AS the association with the antigen
HLA-B27 is strong, possibly as high as in 75% of patients [12]. However this asso-
ciation is weaker than in patients with AS not associated with bowel disease, and it
is independent from the concomitant presence of SI. Another differentiating factor
is a lower male/female ratio. The onset of AS not associated with HLA-B27 usually
occurs after the onset of bowel disease, and under these circumstances the latter
seems to have a less favorable course, with frequent intestinal complications.

The reference instrumental diagnostic methodology to detect abnormalities in
the sacroiliac region is MRI, which can reveal marrow edema. However, other diag-
nostic imaging techniques may be helpful as well. Erosions of the surfaces of the
sacroiliac joints can be seen by CT, while entheseal erosions due to insertion enthe-
sitis, modifications in the sacroiliac regions, squaring of the vertebral bodies, bone
proliferation along the vertebral margins, and marginal syndesmophytes are visual-
ized by conventional radiology. All of these findings are the most typical signs of
AS (Fig. 18.3). Bone scintigraphy shows areas of hypercaptation suggestive of an
ongoing inflammatory state.
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Fig. 18.2 Asymmetric sacroiliitis at the beginning phase in a patient with Crohn’s disease



Arthropathies in Children and Adolescents

The frequency of enteroarthritis in children and adolescents reportedly ranges
between 7.5 and 19%. Arthropathies may involve the peripheral and the axial joints
[13,14]. Axial forms are associated with HLA-B27. They may be progressive despite
treatment of the intestinal disease [15].

Peripheral arthritis has the same frequency in men as in women. It is more often
oligoarticular, and the inferior limbs are its preferred site. Its onset typically coin-
cides with the onset of intestinal disease. Most episodes of peripheral arthritis hap-
pen during phases of active CD, last less than 2 months, and their course parallels
that of the bowel disease.

SI, which can be associated with enthesitis, peripheral arthritis, or neither, is
much less frequent than peripheral arthritis. AS is even less frequent and occurs pre-
dominantly in male patients.

Treatment of Arthropathies

Treatment also includes measures addressed at the intestinal disease and consists of
pharmacological and non-pharmacological therapy. Drug intervention includes non-
opioid analgesics, steroidal and non-steroidal anti-inflammatory drugs, classical dis-
ease-modifying anti-rheumatic drugs (DMARDs), and biological agents.
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Analgesics should be used when pain symptoms are mild. Traditional anti-inflam-
matory agents and specific COX-2 inhibitors are useful when pain is more severe.
The length of treatment should be short in order not to worsen the bowel disease. A
recent, and reassuring, randomized controlled study found that the COX-2 specific
inhibitor celecoxib is safe in patients with UC in remission if taken for no more than
2 weeks [16]. Intra-articular therapy with steroids, possibly repeated, may be evalu-
ated when joint involvement is single, prevalent, or resistant to systemic treatment. 

The most effective DMARD is sulfasalazine. Among the biological agents, the
most compelling and well-established results have been obtained with the TNF-α
inhibitor infliximab, which was shown to induce remission in bowel disease and in
joint symptoms [17,18]. 

A more or less intensive rehabilitation physical therapy is specifically indicated
in AS together with drug treatment. It may also be indicated in the other forms of
arthritis, depending on the patient, and mainly serves to alleviate pain. Resting of the
joints and the prescription of orthotics may be part of the overall approach.
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Introduction

Cutaneous lesions are well-recognized extraintestinal manifestations of inflammato-
ry bowel disease (IBD), specifically, Crohn’s disease (CD) and ulcerative colitis
(UC). These extraintestinal manifestations, associated with intestinal symptoms,
contribute to the impaired quality of life of patients with CD. During the course of
the disease, a great variety of cutaneous lesions may develop, many of which are sec-
ondary to granulomatous cutaneous disease, reactive skin eruptions, undernourish-
ment, pharmacological treatment, and other associated conditions [1]. The occur-
rence of these manifestations varies widely but the mean incidence is around 10%
[2]. The cutaneous abnormalities that accompany IBD can be viewed as a spectrum
of changes resulting from leukocyte migration to different sites of the skin.
Diagnosis of the cutaneous manifestations of CD is made on clinical grounds, based
on their characteristic features, and the exclusion of other specific skin disorders;
biopsy is rarely appropriate or necessary [3]. Whether the cutaneous manifestations
can be considered as real extraintestinal patterns of CD or simply represent associa-
tions between different autoimmune diseases is still not clear. 

Erythema Nodosum

The frequency of erythema nodosum (EN), the most common cutaneous lesion in
CD, ranges from 3% up to 15% [4-6]. EN is also seen in other diseases, such as
streptococcal infections, sarcoidosis, and reactions to various drugs. Some subsets
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of patients are more susceptible to the development of EN: female sex, isolated
colonic involvement, and the presence of arthritis [6,7]. EN tends to occur during the
first two years of the disease and may recur in approximately 50% of patients. It
appears with characteristic raised, tender, red or violet, warm subcutaneous nodules
of 1–5 cm in diameter (Fig. 19.1). Within few days of onset, the lesions usually
evolve into red-brown to purple macules. EN commonly affects the extensor surfaces
of the extremities, mainly the anterior tibial area, and can be accompanied by fever
and leukocytosis. Usually, the lesions are associated with the activity of the intestin-
al disease, and many patients can predict a flare of CD by the antecedent finding of
EN [1]. Biopsy is not usually necessary; when performed, the histology shows a non-
specific focal panniculitis, with an initial neutrophilic infiltrate that progresses to a
predominance of both mononuclear and histiocytic giant cells [8]. The process
involves the subcutaneous tissues and relatively spares the overlying dermis. EN is
the most common form of panniculitis and represents an immunologic response to a
number of different antigens. The differential diagnosis of EN includes metastatic
CD, in which ulcerating nodules may appear at any site and the histology of which
includes non caseating granulomas. Treatment is mainly directed toward the primary
disease and systemic corticosteroids are usually required. In resistant and relapsing
cases, immunomodulation with azathioprine and/or anti-TNF antibodies may be
added, but such measures are rarely needed based on the presence of EN only [3,9]. 

Pyoderma Gangrenosum

While a serious extraintestinal manifestation of CD, the frequency of PG is, fortunate-
ly, < 2% [4,10]. The lesions are often preceded by trauma at the same site, a phenom-
enon known as “pathergy.” PG is also associated with other diseases, such as systemic
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Fig. 19.1 Erythema nodosum: gross appearance and histological aspect. (Courtesy of Roberto Pisa,
MD, and Liborio Manente, MD, Department of Pathology, San Camillo-Forlanini Hospitals)



bacterial infections, vasculitis, chronic hepatitis, arthritis, AIDS, tumors, and myelo-
proliferative disorders [9]. PG may be related to an imbalance of cytokines and to
other inflammatory responses mechanisms seen in active CD. The lesions can occur
anywhere on the body, including the genitals, but the commonest site is adjacent to
stomas, and in 50–60% of cases may be multiple [7]. Initially, they take the form of
single or multiple erythematous papules or pustules, but subsequent necrosis of the
dermis leads to the development of deep excavating ulcerations with purulent materi-
al inside, usually sterile on culture unless secondary infection has occurred. The
healed lesions leaves a hyperpigmented area or cribiform scar. The disease can often
resemble squamous cell carcinoma and usually requires biopsies for diagnosis 
(Fig. 19.2). The histological findings are nonspecific, and either neutrophilic or
mononuclear cell infiltrates are observed, depending on the biopsy site and the stage
of the lesion [11]. PG is a chronic persistent skin disorder that, if extensive, is often
resistant to therapy; it tends to occur more often in the setting of active disease, most-
ly in colonic CD. PG onset can precede the onset of intestinal symptoms but can also
develop after the removal of diseased bowel [12]. Initial treatment is aimed at control-
ling the intestinal inflammation and at preventing cutaneous superinfections. The opti-
mal schedule of medical treatment has yet to be established. High doses of corticos-
teroids are considered the most effective treatment for PG. Intravenous cyclosporine
or tacrolimus are often effective in refractory cases; however, there are no available
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Fig. 19.2 Pyoderma gangrenosum: histological aspect. (Courtesy of Roberto Pisa, MD, and Liborio
Manente, MD, Department of Pathology, San Camillo-Forlanini Hospitals)



randomized trials to support their use and these drugs have significant side effects [3].
Infliximab has shown its value in uncontrolled studies and in a small controlled trial
vs. placebo [13-15]. The side effect profile and efficacy of infliximab compared with
other drugs are such that many clinicians now consider it the preferred treatment for
established PG [3]. A recent case report showed the successful use of adalimumab in
a patient with fistulizing CD and PG [16]. Local therapy includes topical antibacteri-
al agents and steroids. Surgical debridement of PG only promotes further ulceration
due to pathergy phenomena and should thus be avoided [1]. For both PG and EN,
recurrent lesions or cluster of lesions may be observed.

Sweet’s Syndrome

Also known as acute febrile neutrophilic dermatosis, Sweet’s syndrome is associated
with a number of diseases. It is characterized by the sudden eruption of multiple ery-
thematous plaques, 1–2 cm in diameter, accompanied by fever, arthralgia, and leuko-
cytosis. This syndrome is rare and is characterized histologically by a dense, diffuse
neutrophilic infiltrate and dermal edema [17]. Its relationship with the activity and
extent of CD is unknown. The syndrome usually responds rapidly to corticosteroid
therapy [18]. In recurrent disease, a number of treatments (colchicines, cyclosporine,
dapsone, etc) have been described.

Other Cutaneous Abnormalities

Several case reports of other, rare, cutaneous abnormalities occurring in CD have
been published. 

Epydermolysis bullosa acquisita is an autoimmune subepidermal blistering occa-
sionally observed in Crohn’s colitis and in other diseases, such as rheumatoid arthri-
tis, diabetes mellitus, malignancies, and systemic infections; immunosuppressive
therapy is often required [19]. 

Dermatomyositis have been described in cases of active Crohn’s colitis; corticos-
teroids are usually rapidly effective [1]. 

Recently, a few cases of cutaneous periarteritis nodosa have been described in
patients with CD; the syndrome differs from systemic periarteritis by the absence of
visceral involvement [20]. 

Acrodermatitis enteropathica, a rare psoriasiform erythema, also has been
described in CD and may be related to malabsorbtion and malnutrition [9]. 

Psoriasis is seen more frequently in patients with CD and UC than in the gener-
al population; the appearance and response to therapy are the same as for the non-
IBD population [1]. In patients with psoriasis resistant to common treatments, inflix-
imab can be used, but recently some cases of psoriasis induced by the drug have been
reported [21]. 
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Oral mucosal lesions, such as aphthous stomatitis, cobblestone-like lesions,
and pyostomatitis vegetans, have been described in CD and should be differentiat-
ed from sporadic stomatitis and glossitis both of which can be present in these
patients [22].

Metastatic Crohn’s Disease

So called “metastatic” Crohn’s disease (MCD) is a non-neutrophilic cutaneous
lesion. This term is applied when a non-caseating granulomatous cutaneous reaction
develops in sites anatomically separate from the gastrointestinal tract. These lesions
can be found in any location and may take the form of papule, nodule, or plaque,
ulcerated or not ulcerated, solitary or multiple, and are usually painful and tender to
touch. The activity of MCD seems to be independent from the activity of intestinal
CD. The simultaneous presence of perianal CD is more frequent in females and chil-
dren. Associated intestinal symptoms are present in one-third of adults and one-half
of children [23]. Diagnosis is made by skin biopsy and is also aimed at differentiat-
ing MCD from other lesions, such as sarcoidosis and hidradenitis suppurativa. The
most common histopathologic pattern is a non-suppurative granulomata with a slight
cuff of lymphocytes in a nodular or diffuse pattern with a mixed inflammatory infil-
trate, often rich in eosinophils [24]. Immunosuppressive therapy and infliximab have
been used successfully in selected cases of MCD [25].
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Introduction

Crohn’s disease (CD), or regional enteritis, is a segmentary granulomatous inflammatory
bowel pathology of unknown etiology. although autoimmunity is probably involved. In addi-
tion, there are extraintestinal manifestations, such as arthritis, cutaneous lesions, and hepat-
ic, renal, and ocular involvement. The incidence of the latter, manifested as uveitis, scleri-
tis, and episcleritis, is about 2–9% of the cases of CD [1–4]. Moreover, 30–40% of patients
with scleritis also have a systemic autoimmune disease, such as rheumatoid arthritis,
Wegener granulomatosis, and inflammatory bowel disease (IBD) [5], and 2% of patients
with uveitis may develop IBD; indeed uveitis may even precede IBD onset. Nearly 40% of
patients with IBD-associated uveitis are positive for HLA B27. Arthritis in CD may devel-
op as peripheral arthropathies or as ankylosing spondylitis. Among the latter, nearly 70%
are HLA-B27 positive and 50% of the patients in this group develop ocular involvement,
mainly uveitis. In addition to these immunological pathologies in patients with CD, an infec-
tion of the eye, mycotic endophthalmitis, may develop as a complication in patients receiv-
ing parenteral nutrition to treat malabsorption or following bowel surgery.

Ocular Manifestations

Scleritis and Episcleritis

Scleritis or episcleritis may appear in CD as a chronic, painful inflammatory condi-
tion and is usually of the non-nodular type. It ranges from a benign self-limited
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20 Table 20.1 Classification of episcleritis and scleritis

Episcleritis Scleritis

Simple Anterior (diffuse, nodular, necrotizing)

Nodular Posterior

process to a fulminant course resulting in scleral necrosis [6]. The term “episcleri-
tis” refers to inflammation of the episclera, the loose highly vascularized connective
tissue that lies between Tenon’s capsule and the sclera superficially.

Diagnosis of scleritis or episcleritis is simply clinical. Slit-lamp examination bet-
ter defines the biomicroscopic aspect of the inflammation, distinguishing between
scleritis and episcleritis. The use of red-free diffuse light is very helpful for study-
ing and better-defining the involvement of the conjunctival vessels. The clinical
classification of episcleritis and scleritis is described in Table 20.1. Therapy is based
on the use of eyedrops containing NSAID, particurarly indomethacin, although some
patients are prescribed topical steroids. Steroid eyedrops must gradually be tapered
to avoid disease relapse. In severe cases, oral indomethacin may be useful (25–50
mg/die). 

The prognosis of scleritis-episcleritis in patients with IBD usually is good and is
rarely complicated by uveitis, keratitis, or retinal detachment.

Uveitis

Two patterns of IBD associated uveitis are recognized [7]. The first is bilateral,
chronic, and indolent, with a moderate involvement of the posterior ocular struc-
tures. The second is acute, unilateral, and recurrent, resembling the HLA-B27-relat-
ed uveitis. Slit-lamp examination is necessary for the diagnosis (Table 20.2) and
shows corneal precipitates, exudation of proteins (Tyndall phenomenon or flare),
and the presence of cells in the aqueous and vitreous fluids. These are signs of the
breakdown of the blood-aqueous barrier, typical of intraocular inflammation.  

In patients with CD, chronic anterior uveitis is more common in those with
inflammation of the colon and in those in whom the disease is accompanied by
arthritis. Patients with the chronic form of the disease complain of blurred vision
without redness or pain. Slit-lamp examination shows no or only a mild conjunctival
reaction (white eye), corneal precipitates (larger than those in acute uveitis), flare,
and cells in the aqueous and vitreous fluids. Rarely, the retina and optic nerve are
involved. A routine ophthalmic evaluation is required in every patient with CD
because chronic uveitis is often asymptomatic but if untreated it may become com-
plicated by the development of severe ocular lesions, such as cystoid macular edema,
secondary glaucoma, and complicated cataract.

Acute uveitis, by contrast, is characterized by conjunctival injection (red eye) and pain.



Slit-lamp examination shows small diffuse corneal precipitates that cause dusting
of the corneal endothelium and a more severe inflammatory reaction in the aqueous,
with fibrinous clots and sometimes hypopyon, which results from a dense accumula-
tion of inflammatory cells that causes them to sediment.  When the concentration of
proteins in the aqueous is very high, adherences between the iris and the anterior cap-
sule of the lens can form (posterior synechiae).

Therapy of uveitis in CD, as in other types of uveitis, is based on topical, oral, or
periocular steroids together with mydriatics. For acute fibrinous uveitis atropine 1%
eyedrops associated with tropicamide and phenylephrine 10% is necessary. In chron-
ic uveitis, atropine may not be necessary and a mild mydriatic may be sufficient.
Among the topical steroids, dexamethasone or betamethasone eyedrops can be used.
No specific therapy exists.

Mycotic Endophthalmitis

As noted in the Introduction, mycotic endophthalmitis [8] is a complication of par-
enteral nutrition in patients treated for malabsorption or following bowel surgery. In
such cases, Candida albicans is usually the causative agent. Infectious fungal ele-
ments, via the bloodstream, reach the eye from fungal colonies on indwelling venous
catheter tips. Floaters, localized scotomata, ciliary injection, ocular pain, and photo-
phobia are the typical symptoms of mycotic endophthalmitis. However, sometimes
patients are too ill to pay attention to the onset of symptoms and a routine ophthalmic
examination is necessary. 

Fundus examination discloses the early signs of endophthalmitis, most often, an
intense focal inflammation in the inner choroid. The characteristic appearance of a
candidal lesion in the fundus is a creamy-white round chorioretinal lesion with over-
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Table 20.2 Biomicroscopic signs of anterior uveitis

Conjunctival injection (perikeratic or diffuse)

Corneal precipitates (small medium large)

Aqueous flare/fibrinous clots

Aqueous cells/hypopyon

Intraocular pressure changes (hypotony or hypertony)

Posterior synechiae

Iris nodules (granulomatous uveitis)

Iris atrophy (herpetic uveitis)



lying vitreous inflammation of varying intensity. Such lesions may be present in both
eyes. Prompt diagnosis, based on ophthalmic examination, and treatment are manda-
tory in these patients to avoid blindness. The isolation of Candida species from the
catheter and from blood confirms the diagnosis but is not necessary to initiate ther-
apy, which is based on oral or intravenous antifungal agents. The preferred drug is
fluconazole; amphotericin B may be administered intravenously but we prefer intrav-
itreal injection to potentiate the action of fluconazole when necessary [9]. Vitrectomy
may be necessary in eyes with severe vitreous involvement and disease that progress-
es despite intensive medical therapy.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel disease (IBD) of unknown
etiology that predominantly affects young adults. It can involve any part of the gas-
trointestinal tract, most commonly, the terminal ileum, the colon, or both, and its
course is characterized by exacerbations and remissions. It may also involve organs
outside the gastrointestinal tract. Some of these extraintestinal manifestations are
true components of CD while others are complications caused by malnutrition,
chronic inflammation, or the side effects of therapy, which make the differential
diagnosis accordingly difficult [1,2]. Moreover, the extraintestinal manifestations
may or may not correlate with disease activity but nonetheless can have a high
impact on the quality of life, morbidity, and mortality of CD patients.

The association between colonic ulceration and liver disease was first made by
Thomas in 1873 [3] and was confirmed by Lister in 1899 [4]. In the following years,
the close relationship between IBD and hepatobiliary disorders became well-estab-
lished. The prevalence of liver disease in CD patients varies in different series due
to the number of patients included in the study, the severity of the disease, and the
methods used to identify liver damage. It may be as high as 50% in patients with
active, severe CD requiring surgery (malnutrition, sepsis, fistulae, transfusions with
risk of viral infections) while in one study it was documented in 10% of 100 unse-
lected patients with CD. A study from the Mayo Clinic showed that CD patients may
have normal liver function tests despite the presence of primary sclerosing cholan-
gitis on cholangiography [5–8].

Gastroenterologists are often faced with the problem of abnormal liver-enzyme
levels in patients with CD. The first step in the evaluation of such patients is to
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repeat the test to confirm the results and to determine the degree of the elevation. If
confirmed, the patient should be evaluated for [9,10]:
1. liver disease not correlated with CD (chronic hepatitis B and C, alcohol abuse,

hemochromatosis, Wilson’s disease, α1-antitrypsin deficiency);
2. causes likely related to CD through common pathogenetic mechanisms (primary

sclerosing cholangitis, autoimmune hepatitis and overlap syndrome, liver granu-
loma);

3. complications of the disease (non-alcoholic fatty liver, cholelithiasis, amyloido-
sis, liver abscesses);

4. drug-related hepatitis or cholestasis (sulfosalazine, glucocorticoids, azathioprine,
mercaptopurine, thioguanine, methotrexate, cyclosporine), nodular regenerative
hyperplasia of the liver, veno-occlusive hepatic disease, and reactivated latent
infections, specifically hepatitis B virus particularly after biological treatment of
CD (infliximab).

Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) is a chronic progressive disorder of unknown
etiology that is characterized by inflammation and fibrosis in the biliary tree (intra-
and extrahepatic). PSC may progress to secondary biliary cirrhosis and liver failure
and is associated with a high risk of cholangiocarcinoma. It probably has the same
immune pathogenetic mechanism as CD, although there is a poor association with the
stage of bowel disease. PSC also may appear several years after intestinal resection.

Delbert identified the syndrome for the first time in 1924 [11]. In the past, PSC
was generally diagnosed in its late stage, when the patient was very ill and markedly
jaundiced. More recently, non-surgical diagnostic tests, such as endoscopic retrograde
cholangiopancreatography (ERCP) and magnetic resonance imaging (MRI), have
become available, such that the syndrome can now be recognized earlier, sometimes
even in the asymptomatic stage. PSC can be defined in terms of involvement of the
biliary system. The global form involves the bile ducts both inside and outside the
liver and is characterized by cholangiographic abnormalities of the intra- and extra-
hepatic bile ducts. Typical findings are seen on liver biopsy. Other forms of the dis-
ease are large-duct PSC and PSC of the small bile ducts, which, as their names imply,
involve principally, but not exclusively, the large and small biliary duct systems.
Patients with normal ERCP and MRI who have histological findings typical of PSC
seem to have a relatively benign course of the disease: 12% of these patients develop
classical PSC and there are no reports of cholangiocarcinoma in this population.

Until the introduction of ERCP and MRI into clinical practice, PSC was considered
to be rare; however, it is now recognized as the most common chronic cholestatic con-
dition in adults. Although the real frequency of PSC is unknown, the literature reports
its occurrence in 1–3.5% of CD patients [7,12]. An association of PSC with CD is gen-
erally seen in patients who have extensive colonic or ileocolonic disease or in pediatric
populations. The association between PSC and IBD differs among populations;
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in northern Europe and in the United States the incidence is 70–90%, whereas it is
less common in Italy and Spain (30/40%) and much less common in Japan (20%).
Although several characteristic the outcome as well as prognostic factors of PSC
patients from Unites States, Japan and European countries appeared to be similar.
PSC in Italy mainly follows a benign course while the incidence of
Cholangiocarcinoma (CCA) in PSC appeared to be lower in Japan [13–15]. PSC may
be present despite normal levels of cholestasis-related enzymes; conversely, these
enzymes may be altered in the absence of PSC. The disease may affect people at any
age, but it is more often seen in men younger than 45 years and later in women.
While smoking seems to protect against PSC, it may increase the risk for cholangio-
carcinoma. PSC probably develops through an autoimmune mechanism, as yet
unknown. The patient has hypergammaglobulinemia, elevated IgM, autoantibodies
(most typical findings include atypical anti-neutrophil cytoplasmic antibodies,
pANCA), activated complement, intracellular cytokines, aberrant HLA expression in
the biliary epithelium, and high tumor necrosis factor (TNF)-α levels. The portal
infiltrates are mostly formed by T cells (CD4 and CD8).

The histological findings may range from normality to frank biliary cirrhosis,
with the typical appearances comprising portal inflammation, concentric “onion
skin” periductal fibrosis, and periportal fibrosis developing into septal and bridging
necrosis. These findings are seen in 30% of PSC patients.

More than half of patients with CD-associated PSC are diagnosed during symp-
tom-free stages and only because of the known association of the two diseases. The
presence of liver test abnormalities should prompt an MRI and possibly a liver biop-
sy. In light of the risks of serious complications following ERCP, such as cholangi-
tis, pancreatitis, perforation, or bleeding, the procedure is normally restricted to ther-
apeutic applications in patients with increased cholestasis. Endoscopic treatments of
strictures can improve cholestasis and pruritus and is especially aimed at strictures
located in the common bile and main hepatic ducts. Current endoscopic treatments
consist of stricture dilatation by bougienage or balloon, brush cytology, forceps biop-
sy, intraductal ultrasound, and direct visualization of the biliary tree.

Symptom-free patients are not guaranteed a mild condition, as up to 20% of
patients with asymptomatic PSC are in the cirrhotic stage at the time of diagnosis
[16]. A symptomatic patient usually has anorexia, nausea, pruritus, weight loss, non-
specific abdominal pain, jaundice, and irregular fever. Cholangitis is unusually found
at diagnosis and instead is known to follow a surgical procedure or ERCP.

Physical examination is normal in around 50% of patients or it may reveal the
characteristics of cholestatic liver disease (hepatomegaly, splenomegaly, jaundice,
etc.). The diagnosis of PSC is mainly based on demonstrating the presence of seg-
mentary stricture of the bile ducts separated by areas with a normal or dilated lumen.
Usually, both the intrahepatic and extrahepatic bile ducts are involved, but sometimes
only one or the other is affected [17,18]. Even if the gold standard in lesion recogni-
tion is ERCP, we prefer MRI as it is non-invasive, provides high-quality images, may
allow recognition of liver growths (cholangiocarcinoma), and has excellent sensitiv-
ity and specificity with no complications. 

The natural history of PSC is variable and the disease can therefore evade diag-
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nosis. If symptomatic, it corresponds to a fluctuating progressive illness that evolves
over 12–21 years. Normally, small-duct PSC is more benign, with less frequent evo-
lution to cholangitis and cholangiocarcinoma. Four stages have been identified: pre-
clinical, asymptomatic with laboratory cholestasis-related changes, symptomatic
(jaundice, choluria, pruritus, asthenia, cholangitis, hepatosplenomegaly, and histo-
logically evident liver cirrhosis), and terminal (ascites, portal hypertension,
encephalopathy, bleeding from esophageal varices). Cholangiocarcinoma may con-
tribute to the rapid development of terminal-stage disease and is the most severe
complication of PSC. The progress of cholangiocarcinoma is not related to the sever-
ity of the liver disease and has to be suspected in all patients with IBD in order to
spare the patient the need for liver transplantation. The combination of ultrasonogra-
phy, computed tomography (CT), ERCP, bile cytology, and MRI may allow an early
diagnosis of PSC and thereby improve patient survival. 

Patients with CD may develop every kind of liver disease that can be detected by
laboratory or clinical changes. The gold standard for the diagnosis of all these dis-
eases is liver biopsy.

Nash-Nafld

In 1980, Ludwig et al. [19] coined the term “NASH” to designate a liver condition
that mimics alcohol-related hepatitis but which occurs in people who are not alcohol
abusers. This condition is diagnosed based on laboratory changes suggesting liver
disease, ultrasound and histological findings indicative of fatty change in the liver,
hydropic degeneration, inflammation, and the possible presence of Mallory’s hyaline
or centrolobular-pericellular fibrosis. These lesions are usually asymptomatic and
may progress to fibrosis and cirrhosis. They are more common in patients with IBD
and are probably associated with malnutrition and with the increased import of free
fatty acids into the liver as a result of abdominal lipolysis, which may develop dur-
ing weight loss. The pathogenesis of the disease may be explained by passage of bac-
teria or their products from the damaged intestinal lumen, jejunal diverticulosis,
jejunoileal bypass, bowel bacterial overgrowth, and increased mucosal permeability.

Amyloidosis

Amyloid type AA deposition is a rare complication of CD. Secondary amyloidosis is
usually associated with infections and chronic inflammatory conditions but rarely
with CD (0.99%). CD-associated amyloidosis is three times more common in males.
This complication has to be looked for in patients with intestinal and extraintestinal
suppurative foci, which lead to increased synthesis of serum amyloid P (SAP) glyco-
protein as a result of defective catabolism (worsened by proinflammatory cytokines,
particularly TNF-α).
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Autoimmune hepatitis, liver granulomas, and liver lesions related to drugs used
in the treatment of CD can be found in these patients. Both anamnestic findings of
alterations of liver enzymes post-treatment and liver biopsy may permit the differen-
tial diagnosis. 

Liver Abscess

Liver abscess in patients with CD is challenging and the diagnosis is often delayed
because the symptoms and signs are similar to manifestations of exacerbations of CD
[20]. As a result, many patients are treated with increasing doses of corticosteroids
or even undergo surgery for resection. Consequently, several authors now advise that
liver abscesses should be actively searched for, either by ultrasound or CT scan, in
patients with CD resistant to conventional treatment.

Gallstones

Patients with CD of the small bowel have an increased incidence of gallstones
(13–34% vs. 5% of the general population and of patients with CD confined to the
colon) [21]. The increased rate of gallstone formation in patients with inflammation
or absence of the terminal ileum is most likely due to the reduction in bile-salt
absorption. The relative increase in biliary cholesterol and its precipitation in the
gallbladder lead to the increased formation of gallstones [22].

Conclusions

Crohn’s disease is a systemic disorder that may involve every site of the body. In addition,
the possibility of contributing disease complications as side effects of treatment always
should be considered.

From the original descriptions over a century ago of liver disease associated with CD
(and IBD), much progress has been made in understanding the relationship between the
two conditions, but in addition to answers there are more questions. The association of CD
and PSC, autoimmune hepatitis, overlap syndrome, and a wide range of diseases that can
be well detected with liver biopsy has been established. However, the cause, consequence,
and coincidence remain to be elucidated. From the hepatopathological point of view, PSC
is the most intriguing extraintestinal manifestation of CD. Due to the high risk of malig-
nancy, surveillance strategies are essential, but they have yet to be designed and evaluat-
ed. Since hepatocellular carcinoma is a disease without any curative options apart from
liver transplantation, it has to be regarded as the greatest challenge in hepatology today.  

The development of multiple new drugs, and especially biological therapies, that
intervene in the biological pathways involved in CD, implies that their effectiveness
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in the treatment of CD patients has to be studied over the long term. This is essential
to verify the possible reduction in hepatic damage (especially PSC and cholangicar-
cinoma) in patients with CD. In another section of this book, the activation of hepat-
ic infections (reactivation of latent infection of hepatitis B virus) and other side
effects of these drugs is discussed [23].
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Introduction

Infections are strongly associated with Crohn’s disease (CD), both in their etiopatho-
genesis and in their clinical course [1]. The hypothesis that infective agents are
linked to the onset of CD is supported by several clinical and experimental observa-
tions, although a direct causality remains to be demonstrated. In particular, bacteria
such as Mycobacterium avium subsp. paratuberculosis (MAP), adherent invasive
Escherichia coli (AIEC), and Listeria spp. have been cited as possible causal agents
of CD [1–3]. This conclusion is based on the association of MAP DNA and CD,
reported in two meta-analyses [4,5]. Moreover, experimental infections of animals
have demonstrated that MAP is capable of causing inflammatory bowel disease [2].
Other investigations have reported the presence of AIEC in CD biopsies and a mech-
anism of attachment to the diseased bowel [2,3]. 

A series of independent observations stressed the association between infections
and CD onset, including Crohn’s-like pathology in patients with chronic granuloma-
tous disease and chronic variable immunodeficiency; impaired phagocytic function
at biopsy sites of Crohn’s patients; clinical improvement with antibiotic treatment;
and the positive results of genome association studies of CD and genes that govern
innate immune recognition of intracellular bacteria [2]. However, a nested case-con-
trol study conducted by Bernstein et al. [6], in which polymerase chain reaction
(PCR) was carried out with mucosal samples from patients with CD and controls,
found no association between CD and infection with MAP. 

Three theories are currently under consideration regarding the “infectious”
etiopathogenesis of CD: (1) a reaction to a persistent intestinal infection; (2) a defec-
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tive mucosal barrier to luminal microorganisms, and (3) a deregulated immune
response of the host to luminal agents [7]. Although the role of infections in the onset
of CD is still hypothetical, it is nonetheless clear that infection can play an important
role in the clinical course of CD. Particularly, infections can be responsible for the
relapse of the disease; they can also represent a complication of the disease itself or
of its pharmacologic and surgical treatment. They may also indicate the ineffective
immunization of patients with CD who are thus at risk of developing what are other-
wise vaccine-preventable illnesses [1]. Infectious complications of CD are caused by
multiple infectious agents, including bacteria, viruses, and fungi. The aim of this
chapter is to describe the epidemiological and clinical features of the infectious com-
plications of CD.

Infections and the Relapse of Crohn’s Disease

Infections can lead to relapse episodes of CD by activating the gastrointestinal
immune system. Multiple organisms have been associated with such episodes,
including bacteria, viruses, and parasites.

Bacterial Infections

The most frequently reported bacterial infections associated with CD are Clostridium
difficile, enteropathogenic E. coli, Salmonella spp., Shigella spp., and
Campylobacter spp. [1]. Among them, Cl. difficile is considered the most important
pathogen, with a prevalence of 10.9/1000 hospitalized patients with CD, compared to
4.8/1000 patients without inflammatory bowel disease (IBD) [8]. The higher preva-
lence of Cl. difficile infections among patients with CD is attributable to the use of
immunomodulator drugs, the colonic involvement itself, or both conditions. In the
study conducted by Nguyen et al., only CD patients with small bowel involvment had
infection rates that approached those of general medical hospitalized patients with-
out IBD [8].

The clinical importance of infections in the relapse of CD requires prompt iden-
tification of potential pathogens in stool in order to prevent unnecessary treatment
with immunosuppressors. Clinicians should perform microbiological examination of
fresh specimens of stool (generally three samples) by microscopy and culture, and, in
patients with clinical relapse of CD, also test for Cl. difficile toxins. The isolation of
Cl. difficile in a CD patient without clinical symptoms like diarrhea or active colitis
is of uncertain clinical importance since it likely represents a colonization, for which
antibiotic treatment is not indicated [9].
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Viral Infections

The viral agents responsible for CD relapse belong to the Herpesvirus family:
Epstein-Barr virus (EBV), cytomegalovirus (CMV), and herpesvirus (HSV) [1]. The
available information on CD relapse of viral origin is mainly based on studies of
CMV infection. It is well known that CMV infection is a generally benign, self-lim-
ited disease among immunocompetent adults; however, in immunocompromised
patients, CMV infection is associated with serious complications, including colitis.
CMV infection can be primary or secondary to the reactivation of latent infection and
can develop in CD patients following immunosuppressive therapy, thus leading to the
worsening of CD colitis, steroid-refractory disease, and toxic megacolon [1].
Nevertheless, as is the case in bacterial infections, the detection of viral agents in the
bowel mucosa and/or in other biological fluids does not necessary imply active viral
infection. Moreover, the results of diagnostic tests for CMV infection should be
interpreted based on the clinical picture in order to distinguish CMV infection from
CMV-related disease. 

Currently, the multiple diagnostic tests available for CMV diagnosis include: (1)
cultures of CMV from blood, urine, saliva, and other biological fluids; (2) histologi-
cal examination of tissue samples (colonic mucosa); (3) serological tests (IgM and
IgG antibodies); (4) CMV antigenemia; and (5) PCR to detect CMV DNA in blood
and in stool [1]. The most sensitive diagnostic tests for CMV infection with digestive
tract involvement in CD patients are histological examination of mucosal tissue and
PCR to detect CMV in colonic biopsies [1].  

The indications for CMV therapy in patients with relapse of CD and CMV infec-
tion are still controversial. Clinical evidence suggests antiviral treatment with ganci-
clovir only in those patients with significant CMV DNA in the mucosa [1].

Parasitic Infections

Amoebiasis has been cited as a frequent cause of CD relapse in endemic areas, with
patients receiving corticosteroid therapy more predisposed to fatal complications of
infections [10].

Infectious Complications of CD

Patients with CD have an increased incidence of infectious complications and of
infection-related death. Possible explanations for the increased susceptibility to
infections are defective innate immunity and malnutrition [1]. Actually, CD itself
predisposes the patient to sepsis, which is frequently related to abscess and fistulae
formation. The pathogenesis of sepsis in these cases is likely related to the transmur-
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al inflammatory process, which favors bacterial translocation and spread from the
bowel lumen to the extraluminal space [1]. 

Abscess formation develops in nearly 20% of patients with CD and can involve
multiple organs and tissue spaces [11]. Moreover, CD carries a significant burden in
terms of extraintestinal manifestations, particularly hepatobiliary pathologies such as
pericholangitis, sclerosing cholangitis, granulomatous hepatitis, and cholelithiasis. It
is well known that most of those conditions can predispose to infectious complica-
tions, such as cholangitis, cholecystitis, and, less frequently, to liver abscess.
Pyogenic liver abscess is considered a relatively rare complication of CD, with an
estimated incidence of 114–297/100,000 patients with CD. It is more common in
younger patients (mean age 36.5 years) and usually occurs secondary to infections of
the biliary tract (cholecystitis, cholangitis) or to infections of organs that are drained
by the portal vein, especially in the setting of appendicitis, diverticulitis, and loss of
integrity of the bowel wall [12]. Other risk factors for liver abscess include long-term
steroid treatment, metronidazole treatment, inflammatory and perforating diseases,
fistulae and intra-abdominal abscesses, malnutrition, immunological abnormalities,
and surgical interventions [12,13]. 

The diagnosis of liver abscess is often difficult due to the lack of specificity of
the symptoms, which can mimic CD reactivation (high fever, chills, sweating, right
upper abdominal pain, nausea, vomiting, weight loss), and the delay in diagnosis is
generally associated with poor prognosis. Instrumental investigations for liver
abscess include abdominal ultrasonography (USG) and computed tomography (CT),
The final diagnosis can be performed by USG or CT-guided percutaneous aspiration
and drainage of the abscess. In liver abscess, hemocultures are positive only in 50%
cases, whereas culture of purulent drainage fluid is positive in nearly 90% of cases,
the most frequent bacterial causal agents being Streptococcus spp. or aerobic and
anaerobic gram-negative bacilli. Antibiotic therapy should be based on the results of
microbiological cultures, when available, and should be administered for at least
10–14 days [12,13]. 

Apart from the hepatobiliary infectious complications of CD, other extraintesti-
nal manifestations have been described in the literature and deserve to be mentioned
due to their unusual clinical presentation. In particular, many vertebral and paraver-
tebral infections have been described in association with enteric fistula [14,15].
Kavia et al. [16] reported a case of isolated discitis in a patient with apparent lack of
fistulization from the gut to the infected disc. Other authors have reported cases of
presacral abscess and vertebral osteomyelitis, and of spondylodiscitis. Of note,
spondylodiscitis is also a rare extraintestinal rheumatological manifestation of CD,
which demands differential diagnosis with bacterial spondylodiscitis as an infectious
complication of CD [17]. Maggiore et al. [14] reported a case of meningitis and
epidural abscess associated with CD-related fistulizing distal ileum, due to commu-
nication to the extradural space of the lumbar spine from a psoas abscess. Aguas et
al. [13] reported a case consisting of both septic thrombophlebitis of the superior
mesenteric vein and pylephlebitis in a CD patient who at onset had multiple liver
abscesses. The diagnosis of pylephlebitis should be considered in any patient with
evidence of intra-abdominal infection and high-grade bacteremia. Instrumental
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diagnostic exams include color Doppler and CT scan. Broad-spectrum antibiotic
therapy should be administered for al least 6 weeks. 

Among the viral infectious complications of CD, CMV colitis has been more fre-
quently reported [18], although it is likely related to steroid therapy.

Therapy-Related Infectious Complications of CD

Drug-Therapy-Related Infections

Drugs currently used in the treatment of CD include immunosuppressive agents, such
as thiopurine and methotrexate, anti-tumor-necrosis-factor (TNF) agents (inflix-
imab), anti-IL-12p40 antibody, anti-α4 integrins (natalizumab), and steroids. Each of
these can be used alone or in combination with the others, and each has its own
mechanism of action and targets within the immune system. The latter property
accounts for differences in the type and severity of immunosuppression and thus in
the related infections that can arise as treatment complications. Infections related to
immunosupressive therapy are mainly of the opportunistic type and include tubercu-
losis (TB). Moreover, CD patients are frequently administered antibiotics, which is a
well-known risk factor for colonization and/or infection with other bacteria, especial-
ly those that are antibiotic-resistant, and with fungi. Unfortunately, the exact inci-
dence of infections related to immunosuppression in CD patients is still unknown. 

Among the previously cited immunosuppressive agents, Infliximab, which is an
immunomodulatory agent that is increasingly used for the treatment of refractory fis-
tulizing CD, appears to be associated with the greatest risk of infection, most likely
because of its long half-life and its induction of monocyte apoptosis [19].

Despite its high efficacy, infliximab is associated with the occurrence of severe
infections, such as TB, endemic mycoses, and intracellular bacterial infections.
Baldin et al. [20] found that in France the incidence of TB among patients treated
with infliximab is higher (8–24/10,000) than in the general population (1.1/10,000)
[20]. Moreover, the authors observed that TB occurred more frequently within the
first 12 weeks of infliximab treatment, and around the time of the third infusion. 

Together with the diagnostic and therapeutic management of CD patients with
active TB, we must also consider the diagnosis and treatment of patients with latent
TB, with disease onset possibly before the initiation of infliximab therapy. Indeed,
the presence of quiescent mycobacteria, which defines latent TB, represents a con-
siderable risk factor for TB reactivation once infliximab treatment is started.
Consequently, the screening of all the patients for latent TB before infliximab thera-
py is mandatory. Baldin et al. [20] formulated “National guidelines on the prevention
and management of TB during or after infliximab treatment”, and López-San Román
et al. [21] provided recommendations to which clinicians can readily refer. Of note,
according to Denis et al. [22], infliximab therapy can be restarted in TB patients if
adequate anti-TB treatment has been completed.

Interestingly, regarding the use of screening tests for latent TB, some authors [23]
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recommend in-vitro specific blood tests rather than the tuberculin skin test for the diag-
nosis of latent tuberculosis before anti-TNF therapy, due to the former’s higher sensi-
tivity and specificity, at least in patients with immune-mediated inflammatory diseases. 

Infections related to infliximab therapy also result in other granulomatous and
non-granulomatous bacterial infections, many of which have been described in the
literature. The former include Mycobacterium xenopi [24], cutaneous nocardiosis
[25], listerosis [26,27], coccidioidomycosis, and histoplasmosis [28], and the latter
staphylococcal liver abscess [29], staphylococcal sepsis [30], and pulmonary actino-
mycosis [31]. 

Among viral infections, subfulminant hepatitis B [32], varicella [33,34], aden-
ovirus pneumonia [35], and disseminated CMV infection [36] have been reported. Of
note, infiximab also has been associated with EBV-related lymphoma [37]. Fungal
infections include Pneumocistis jiroveci (carinii) pneumonia [38,39], systemic can-
didiasis [40], aspergillosis [41,42], both disseminated and localized (fungal nasal
septal abscess due to Aspergillus flavus), and histoplasmosis [42]. 

According to the literature, the use of azathioprine is associated with varicella
pneumonia, whereas anti-IL-12p40 antibody has been related to a high risk of infec-
tions caused by Salmonella spp. and Mycobacterium spp. [43]. 

Treatment of CD patients with the biological agent natalizumab treatment is
reportedly linked to the occurrence of progressive multifocal leukoencephalopathy
[45]. Steroid usage has been generally associated with an increased incidence of par-
ticular types of infections, such as viral infections, TB, and fungal infections.
Interestingly, Nausheen et al. [46] described a case of Q fever in a CD patient under
chronic steroid therapy. Additionally, clinicians should be aware of the possible reac-
tivation of latent viral infections in CD patients under immunosuppressive therapy
(e.g., CMV, EBV, HSV) or increased viral replication with organ damage (e.g., hep-
atitis B and C viruses). 

Surgical-Therapy-Related Infections

Indications for surgical treatment in patients with CD include infectious and non-
infectious conditions (abscess formation, primary bacterial peritonitis, and second-
ary bacterial peritonitis). However, surgery represents an additional risk factor for
infectious complications. Indeed, patients with CD are at higher risk for post-opera-
tive complications such as surgical site infections (SSI). In a prospective surveillance
study conducted by Uchino et al. [47] among IBD patients, the incidence of incision-
al SSI was 26.3% in those with CD, which is considerably higher than that reported
in the general population for abdominal surgery [48,49]. Moreover, in the same study
[47], the authors found that IBD surgery was an independent risk factor for incision-
al SSI (OR = 2.59; 95% CI = 1.34–5.03). 

According to CDC guidelines [50], SSI are classified as incisional/superficial,
incisional/deep, and organ/space infections, but sepsis also can be considered as a
post-operative complication if it is demonstrated to occur following surgical inter-
vention. Organ/space SSI includes post-operative peritonitis, also defined as second-
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ary peritonitis, which often requires additional surgical treatment. Secondary peri-
tonitis is generally considered a nosocomial infection; therefore, antibiotic treatment
should also cover antibiotic-resistant bacteria. 

A possible explanation for the higher risk of SSI in CD patients is the burden of
microbial colonization with nosocomial pathogens. This occurs during the frequent
hospitalizations and at follow-up medical visits. Indeed, microbial colonization is a
well-established risk factor for subsequent bacterial infections, such as SSI [51].
Moreover, CD patients have an impaired immune response, related to defective innate
immunity and to malnutrition, both of which potentially increase the risk of SSI.
Nonetheless, Kunitake et al. [52] did not find an association between infliximab ther-
apy and an increased rate of cumulative postoperative complications, including SSI.

Infectious Complications of CD Related to Ineffective Immunization

Patients with CD under immunosuppressive therapy are likely to develop ineffective
immune responses following vaccination. Consequently, these patients are at higher
risk of infections related to vaccine-preventable diseases [53] (e.g. hepatitis B, vari-
cella). Moreover, Melmed et al. [53] found that immunizations are still uncommonly
administered by clinicians to patients with IBD, despite the presence of these known
and significant risk factors. Sands et al. [54] formulated guidelines for immuniza-
tions in patients with IBD that could be a useful tool for clinicians. 

Conclusions

This chapter has provided an overview of the infectious complications of CD, with
their respective pathogenetic mechanisms. It is clear that CD patients are at higher
risk for developing infectious complications of all types; therefore, clinicians should
be aware of the need and possibility of preventing potentially fatal infectious com-
plications such as tuberculosis. The literature provides extensive information on the
prevention and treatment of infections in patients with IBD. The available recommen-
dations and guidelines are a useful tool for clinicians in the diagnosis and clinical
management of the infectious complications of patients with CD. 
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Introduction

Crohn’s disease (CD) potentially affects many organs, including, albeit rarely, the
kidney. The most frequent renal manifestations are calcium oxalate stones and their
complications; secondary amyloidosis; acute tubular necrosis related to volume
depletion caused by diarrheal fluid losses or inadequate fluid intake, or both.
Tubulo-interstitial nephritis is another common finding and, among patients with
CD, the most common cause is drug-related nephritis. However, case reports in the
literature suggest that granulomatous interstitial nephritis is also an extraintestinal
manifestation of CD. Glomerulonephritis has been reported in CD patients as well.

Early recognition of renal complications, despite their relatively infrequent
occurrence, is nonetheless very important to prevent the development of irreversible
renal damage. There is abundant evidence showing that renal function must be mon-
itored, also with respect to potential treatment-related nephrotoxicity. 

Urinary Stones

The prevalence of nephrolithiasis among patients with CD is higher than in the gen-
eral population. Nephrolithiasis can lead to obstructive uropathy or progressive
nephrocalcinosis [1]. One study showed that 7–15% of patients with CD of the ter-
minal ileum have episodes of renal stones, with an even higher frequency (28%) in
those who have had >100 cm of ileum resected [2]. 
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Most of the renal stones in CD patients are composed of calcium oxalate (CaOx), but
there is also a marked increase in the tendency to form uric acid stones. This is especial-
ly the case in patients who have undergone resection of the colon and ileostomy, as the
loss of bicarbonate in the ileostomy effluent leads to formation of acidic urine, which
coupled with the low urine volume, decreases the solubility of uric acid, causing crystal-
lization and stone formation. Thus, the prevention of stone formation requires treatment
with alkalizing agents to raise the urine pH to about 6.5. In addition, urine volume should
be increased, which increases the solubility of uric acid and prevents crystallization [2,3].  

Patients with small bowel resection may develop steatorrhea; if the colon is pres-
ent, these patients are thus at risk of hyperoxaluria [3]. The increase in oxalate absorp-
tion and its subsequent excretion are due to the binding of free calcium to fatty acids
in the intestinal lumen, which allows more free oxalate to be absorbed; moreover,
colonic permeability to small molecules such as oxalate is increased because of expo-
sure of the colon to non-absorbed bile salts. Normally, calcium binds oxalate in the
intestinal lumen to form an insoluble complex, thereby leaving less oxalate available
for absorption. However, with steatorrhea, intraluminal calcium preferentially binds
fatty acids, leaving more soluble oxalate available for absorption [3].

The absence of intestinal oxalate-degrading bacteria, Oxalobacter formigens
(OF), has been identified as a possible cause of hyperoxaluria in patients with
inflammatory bowel diseases [4]. Recurrent stone-formers are significantly less like-
ly to be colonized with OF than controls, but this appears to be due to antibiotic use.
Studies in animal and in humans have shown that gut colonization with OF can
decrease urinary oxalate levels. However, it remains to be determined whether gut
colonization with oxalate-metabolizing bacteria can reduce stone formation [5]. 

Factors other than urinary supersaturation with CaOx have been implicated in stone
development; for example, gastrointestinal surgery results in lowered urinary levels of
anti-lithogenic substances, such us magnesium and citrate, which normally act as
inhibitors of CaOx crystallization [6]. The formation of magnesium citrate in the renal
tubule is thought to reduce the reabsorption of citrate, thereby increasing urinary citrate
excretion. In magnesium-deficient states, a greater proportion of citrate is available for
reabsorption, resulting in lowered urinary citrate levels. The tendency to magnesium defi-
ciency and hypomagnesuria in CD patients thus contributes to their hypocitraturia [2]. 

CD patients share a tendency to chronic volume contraction due to loss of water
and salt in diarrheal stool, which leads to decreased urine volumes. In turn, the
chronically low urine volume adds to the risk of renal damage from stone crystal for-
mation. Bowel disease patients with a tendency to stone formation also frequently
have reduced creatinine clearance compared to stone formers without bowel disease
[1]. Chronic extracellular fluid volume depletion that is hemodynamically mediated
chronically reduces the glomerular filtration rate (GFR) [1]. 

To facilitate the detection, evaluation, and management of chronic kidney dis-
ease, guidelines of the National Kidney Foundation recommend assessment of the
GFR by the estimated-GFR (e-GFR), which is based on serum creatinine concentra-
tion and demographic and clinical variables, including age, sex, ethnicity, and body
size using estimating equations such as those derived from the Modification of Diet
in Renal Disease (MDRD) Study [7]. 
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Current guidelines define chronic kidney disease as kidney damage or a GFR < 60

ml/min per 1.73 m2 for 3 months or more, regardless of cause. Kidney damage is usu-
ally demonstrated by markers such as albuminuria [8]. However, clinicians should be
aware of the limitations of the MDRD Study equation and other GFR-estimating equa-
tions in apparently healthy individuals with low GFR estimates and in patients with
low creatinine generation, including those with muscle wasting or reduced meat
intake. If greater accuracy is needed in such cases, then clearance can be measured
using exogenous filtration markers (inulin or iothalamate) or creatinine clearance.

Hyperoxaluria therapy involves a low-fat, low-oxalate diet, attempts to increase
urine volume, and the administration of agents such as calcium to bind oxalate in the
gut lumen. The correction of hypocitraturia and hypomagnesuria are also helpful [9].
Magnesium and citrate administration must result in correcting urinary, rather than
serum, levels to normal. This may be achieved by magnesium replacement alone or by
additional citrate replacement therapy [2,10]. The administration of lactic acid bacte-
ria at high concentrations can influence urinary oxalate excretion, reducing urinary
supersaturation levels and thus potentially preventing urinary stone formation [11]. 

Hyperoxaluria appears to be an important predisposing factor for the deposition of
calcium oxalate crystals in the renal interstitium [12]. Nephrocalcinosis occurs when
calcium precipitates in conjunction with either oxalate or phosphate. There have been
several reports of this severe complication in patients with malabsorption and steator-
rhea following jejunoileal bypass surgery, in those undergoing extensive resection of the
small intestine in association with short bowel syndrome; however, the exact incidence
of nephrocalcinosis is not known [12]. CT scanning is the most sensitive imaging tech-
nique to detect nephrocalcinosis. Even in mild cases, plain X-ray may reveal nephrocal-
cinosis as small deposits of calcium salts in the renal calyces. Nephrocalcinosis also
may be diagnosed incidentally or may present as a typical tubulointerstitial nephropa-
thy, with low-grade proteinuria (< 1 g/day), a bland abnormality of urine sediment, or
an unexplained rise in serum creatinine. Patients may have a history of nephrolithiasis.
Crystal extrusion from the obstructed tubules has been proposed as the cause of inter-
stitial nephritis. Crystals evoke an inflammatory response leading to fibrosis, a loss of
nephrons, and, eventually, to chronic renal failure [13]. 

Interstitial fibrosis is a common histologic finding and appears most striking near
sites of crystal deposition in renal biopsy specimens. Chronic inflammatory cells
often surround areas of scarring and widespread tubular destruction may be seen.  

If unrecognized, oxalate interstitial nephritis inevitably leads to severe and pro-
gressive renal failure. This cause of renal failure may be underestimated and should
be systematically searched for in all patients with malabsorption [14].

Tubulo-interstitial Nephritis 

Acute and chronic interstitial nephritis may occur in CD. Acute interstitial nephritis
(AIN) can be associated with drug therapy; while enteric hyperoxaluria is a possible
cause of chronic interstitial nephritis, but rarely described [12]. Most patients with or
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without chronic interstitial nephritis have recurrent episodes of acute renal failure
associated with volume depletion, prerenal azotemia, and, occasionally, AIN or acute
tubular necrosis [12]. Many drugs cause AIN, including several antimicrobial agents,
nonsteroidal anti-inflammatory drugs, anticonvulsants, diuretics, and proton pump
inhibitors [15,16]. AIN is difficult to diagnose on clinical basis, as the symptoms are
nonspecific, including oliguria, malaise, anorexia, nausea, and vomiting. Acute renal
failure is usually present and eosinophilia, eosinophiluria, proteinuria and/or hema-
turia can be often detected [15]. 

Drug-related tubulo-interstitial nephritis should be confirmed by histology.
Indications for renal biopsy include advanced renal failure and a lack of spontaneous
recovery following cessation of drug therapy after 15 days. Light microscopy gener-
ally shows prominent inflammation with an interstitial infiltrate of lymphocytes, plas-
ma cells, and eosinophils. The mechanism of drug-induced AIN is unknown, but an
immunological etiology is suspected. For this reason, drugs that modulate the immune
response, especially corticosteroids, have been used in the treatment of AIN [17]. 

The 5-aminosalicylates (5-ASA) are among the many groups of drugs frequently
used in the treatment of patients with CD. Epidemiological studies have shown that
patients taking 5-ASA preparations are at an increased risk of renal disorders, and
there have been several case reports of nephrotoxicity in patients with inflammatory
bowel disease receiving 5-ASA therapy. The potential nephrotoxicity of mesalazine
and sulfasalazine seems to be similar [18,19].

The incidence of nephrotoxicity in patients receiving 5-ASA therapy is reported
to be less than 0.5% [19]; however, this adverse drug reaction may be under recog-
nized and underreported [19]. Morbidity is high and most of the case reports describe
the development of a severe, chronic, and progressive interstitial nephritis [18,20].

Clinical evidence suggests that nephrotoxicity most often occurs within the first
12 months but in some patients disease presentation can be delayed and first occurs
after several years. Accordingly, renal function should be regularly monitored for the
duration of therapy [21,22].

Clinical manifestations of 5-ASA-related nephrotoxicity include enzymuria (such
as β-N-acetyl-D-glucosaminidase) and microalbuminuria, both of which can be
detected in early stages of renal damage. Tubular proteinuria (such as α1-microglob-
ulin) is considered an extraintestinal manifestation of IDB irrespective of 5-ASA
treatment. Moreover, other clinical presentations are: interstitial nephritis, glomeru-
lonephritis (possibly secondary), hypersensitivity reactions involving the liver and
kidney, and acute renal failure. Unlike classic drug-induced interstitial nephritis, the
symptoms and signs of 5-ASA-related nephrotoxicity are few and nonspecific. It
most frequently has an insidious onset and takes the form of an indolent, severe,
chronic, and progressive interstitial nephritis. Consequently, detection of this condi-
tion may be delayed for many months [20,21]. 

The exact mechanism of the induction of interstitial nephritis is unknown.
However, type 1 hypersensitivity reactions are unlikely since fever, arthralgia,
eosinophilia, and skin rashes are uncommon [21]. A delayed, cell-mediated response,
resembling that described for other nonsteroidal anti-inflammatory drugs is the most
likely mechanism [22]. 
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5-ASA treatment should be withdrawn when renal impairment appears in a
patient with CD after controlling for the causes described above. If this does not lead
to an improvement in GFR, then renal biopsy should be considered, as it is the only
way to distinguish between interstitial nephritis and glomerulonephritis associated
with CD. 

Steroids and azathioprine have been used in patients with renal impairment due to
mesalazine-associated interstitial nephritis, but evidence for a beneficial role is anec-
dotal and uncontrolled. Partial improvement or even complete recovery of renal func-
tion after steroid administration has been reported by several authors [22]. However,
other studies have been unable to demonstrate a beneficial effect of these immunosup-
pressive drugs [22]. Nevertheless, a trial of high-dose steroids (60 mg/day or 1 mg
day/kg for up to 3 months) may be recommended in patients whose renal function does
not improve after drug withdrawal alone [20]. 

Proton pump inhibitors  (PPIs) are a widely prescribed class of drugs. Although
well tolerated, there have been numerous case reports and a recent case series impli-
cating PPIs in acute idiosyncratic interstitial nephritis. As noted above, the most
common symptoms are non-specific and include oliguria, malaise, anorexia, nausea,
and vomiting. Some symptoms of AIN might initially be confused with the illness the
drug was originally prescribed for, leading to a delay in diagnosis. With the ever
increasing use of PPIs, this complication is likely to become more prevalent.
Promoting awareness of AIN will facilitate earlier diagnosis and management of this
potentially harmful condition, which, if detected early, is quickly reversible [23].

Granulomatous chronic interstitial nephritis has been described in patients with
CD [22]. Renal biopsy revealed severe chronic tubulo-interstitial nephritis with the
formation of non-caseous epithelioid granulomas containing multinucleated giant
cells. It was suggested that granulomatous interstitial nephritis is related to the gran-
ulomatous interstitial nephritis of CD but not to the use of 5-ASA preparations [24].
Furthermore, 5-ASA preparations such as mesalazine may cause tubulo-interstitial
nephritis without granuloma. Granulomatous chronic interstitial nephritis may be a
renal extraintestinal manifestation of CD [25].

Secondary Amyloidosis

Amyloid A amyloidosis, also referred to as secondary amyloidosis, is a rare but
potentially fatal complication of CD, occurring in 0.5–6% of these patients. However,
despite its low prevalence renal failure due to renal amyloidosis is one of the most
common causes of death in CD patients [26,27]. Secondary amyloidosis is associat-
ed with increased hepatocyte production of the acute-phase reactant serum amyloid
A (SAA); this process may be stimulated by the release of cytokines (e.g., inter-
leukin-1) from activated macrophages. Cleavage of SAA by circulating
monocytes/macrophages results in the generation of smaller, proteolytic fragments of
SAA, called AA proteins, that can then be deposited and stored extracellularly in tis-
sues as insoluble fibrils. 
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Inflammatory bowel disease, primarily CD, with suppurative infections, rheuma-
toid arthritis, familial Mediterranean fever; and chronic infections are the diseases
that most frequently evolve to AA amyloidosis. The underlying disease usually is
longstanding, and active inflammation typically is present when amyloidosis becomes
evident [26]. While the gastrointestinal tract, liver, autonomic nervous system, and,
less frequently, the heart, are sites of AA amyloid deposition, the kidneys are most fre-
quently affected in AA amyloidosis. Thus, renal disease is a frequent early manifesta-
tion of the systemic amyloidoses and often is the major source of morbidity for indi-
viduals with these disorders [28]. With respect to CD, nephropathy is the most serious
and potentially fatal manifestation of systemic amyloidosis [29]. Ongoing deposition
of amyloid in the kidney results in proteinuria and progressive loss of renal function.
While the underlying mechanism of organ dysfunction in the amyloidoses seems to be
disruption of tissue architecture by amyloid deposits, several observations suggest that
amyloidogenic precursor proteins, folding intermediates, and protofilaments have tox-
icities that directly contribute to the disease manifestations.

The diagnosis of amyloidosis requires histologic demonstration of amyloid
deposits. This usually is accomplished by staining of tissue samples with Congo red
dye. Amyloid stained with Congo red has an orange-red appearance under light
microscopy and produces apple-green birefringence under polarized light. Amyloid
can be found anywhere in the kidney of affected CD patients, but glomerular depo-
sition typically predominates. By light microscopy, glomerular amyloid appears as
amorphous material in the mesangium and capillary loops of the glomeruli. Amyloid
deposition in the tubulointerstitium produces tubular atrophy and interstitial fibrosis.
In a small proportion of patients, glomerular deposition is scant or absent and the
amyloid is confined to the tubulointerstitium or the vasculature. Irrespective of the
distribution of amyloid, Congo red staining produces the disease-defining birefrin-
gence under polarized light [28].

The clinical manifestations of renal disease vary with the site of involvement.
Proteinuria and nephrotic syndrome, as well as renal insufficiency, are common.
Proteinuria ranges from subnephrotic to massive, with urinary protein excretion rates
as high as 20–30 g/24 h. The urinary protein is composed mostly of albumin. Proteins
loss > 3 g/24 h usually is accompanied by other markers of the nephrotic syndrome.
Hypoalbuminemia can be profound, and edema often is severe and refractory to
diuretics. The multisystem nature of systemic amyloidosis can contribute to the dif-
ficulty of managing fluid retention. When amyloid is confined to the tubulointersti-
tium or vasculature, proteinuria is minimal and a reduced GFR is the principal clin-
ical manifestation [28].

Renal impairment tends to progress less rapidly when tubulointerstitial rather
than glomerular deposition predominates. Vascular involvement often is accompa-
nied by hypertension, an otherwise uncommon feature of amyloidosis. 

The diagnosis of crescentic glomerulonephritis should be suspected in a patient
with renal amyloidosis who develops acute renal failure in association with an active
urine sediment. The optimal therapy for this condition is not known. A regimen con-
sisting of pulse methylprednisolone and immunosuppressive agents, similar to that
used in idiopathic crescentic glomerulonephritis, has been beneficial in isolated
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cases. Although less common, heavy tubular deposition, potentially leading to signs
of tubular dysfunction, such as type 1 (distal) renal tubular acidosis, or polyuria due
to nephrogenic diabetes insipidus have been reported. Amyloidosis can be considered
an infiltrative diseases and often cause enlargement of the kidneys. However, in most
patients, the kidneys are of normal size, as seen on imaging studies, and the absence
of enlarged kidneys should not exclude a diagnosis of amyloidosis. Clear relation-
ships between the extent of amyloid deposition, as determined by kidney biopsy, and
the severity of clinical manifestations have not been demonstrated. Urinary protein
excretion or GFR decline cannot be predicted on the basis of biopsy findings [28].

The current strategy for the treatment of AA amyloidosis is firmly based on
knowledge of the underlying pathogenetic mechanisms and aimed at reducing the
amyloid precursor (SAA) load by intensive anti-inflammatory/immunosuppressive
therapy or anticytokine (TNF-α, IL-1β) or interleukin-6 blockade therapy; when
applicable, any existing infectious focus (surgery, antimicrobial drugs) should be
eliminated [30].  

Colchicine has also been tried in some forms of secondary amyloidosis, based
upon the ability of this drug to decrease experimental amyloid formation. It is most
successful in patients with familial Mediterranean fever, particularly if given early in
the disease course and before the development of renal dysfunction. A good response
to colchicine in amyloidosis secondary to inflammatory bowel diseases has been
reported [31].

Emerging strategies focus on dissolution of the amyloid deposits using small
molecules that either interact with the glycosaminoglycans or the fibril component of
the deposits, or deplete the amyloid P component. Eprodisate binds to the gly-
cosaminoglycan-binding site on amyloid fibrils, thus targeting amyloid fibril poly-
merization and tissue deposition [32]. Successful treatment can lead to stabilization
of renal function, a reduction in protein excretion, and partial resolution of amyloid
deposits (as assessed by scintigraphy). These benefits are primarily seen in patients
in whom the serum SAA concentration is kept within the normal range [33].

There have been reported cases of patients with systemic amyloidosis associated
with CD who showed improvement of renal function and proteinuria and a decrease
of serum amyloid A protein levels after treatment with the anti-TNF antibody inflix-
imab [29].

Patients who progress to end-stage renal disease are treated with either dialysis
or renal transplantation. The latter may offer the best prospect for patients with CD
who developed amyloidosis and end-stage renal failure [34].

Glomerulonephritis 

Glomerulonephritis is a rarely reported extraintestinal manifestation of CD that
occurs in the setting of active bowel inflammation. Circulating immune complexes
are found in nearly half the patients, while serum complement usually is normal.
Renal failure with hematuria and/or proteinuria, even nephrotic range proteinuria,
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may be present at the time of diagnosis of glomerulonephritis. The disease most often
improves in parallel with treatment of the gastrointestinal disorder [35]. 

The histologic findings are varied and include membranoproliferative glomeru-
lonephritis, mesangioproliferative glomerulonephritis, membranous nephropathy,
IgA nephropathy, and IgM nephropathy. Glomerulonephritis caused by antiglomeru-
lar basement membrane antibody has been described in association with CD and also
with a case of thin basement membrane disease [36].
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Introduction

Inflammatory bowel disease (IBD) is a group of inflammatory conditions of both the
large and small intestine. The major types of IBD are Crohn’s disease (CD) and
ulcerative colitis (UC). CD is also known as granulomatous colitis, regional enteri-
tis, and ileitis. It is an inflammatory disease that may affect any part of the gastroin-
testinal tract from the mouth to the anus, causing a wide variety of symptoms.
Because the symptoms of CD are similar to other intestinal disorders, such as irrita-
ble bowel syndrome and UC, it can be difficult to diagnose. In CD, all layers of the
intestine may be involved, and normal healthy bowel can be found between sections
of diseased bowel.

CD affects men and women equally and runs in some families. About 20% of
patients with CD have a close relative with some form of IBD, with the highest risk
occurring in individuals with siblings who have the disease. CD is most often diag-
nosed between the ages of 20 and 30. People of Jewish heritage have a higher risk,
and African Americans a lower risk for developing CD. 

In CD, nonpathogenic, commensal intestinal bacteria are thought to trigger a
chronic deregulated immune response against mucosal barrier function [1,2], such
that maintenance of the latter by adaptive and innate immunity is disrupted. The
relationship between specific types of bacteria and CD is, however, unclear.

CD was first described in a report by Crohn and Rosenberg in 1925. Patients
with all forms of IBD have an increased risk of developing intestinal cancer, and col-
orectal cancer in these patients has long been recognized.

In contrast to UC, in which the risk of colorectal cancer has been thoroughly
investigated [3], the risk of intestinal malignancy in CD is less clearly defined. There
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is substantial variation among studies that have attempted to quantify the risk of col-
orectal cancer in CD. Methodological challenges relate to the heterogeneous nature
of the disease, the extent of colonic inflammation (many patients have no colonic
involvement), and surgical treatment, in which some of the at-risk tissue is removed.

Therapy

Treatment for patients with CD has changed over time. While traditional medication
with 5-aminosalicylates is believed to provide some protection against colorectal
cancer [4], immunosuppressive agents, including methotrexate and azathioprine, are
carcinogenic [5]. Tumor necrosis factor (TNF) antagonists have been increasingly
used in the treatment of CD, particularly for patients with severe disease. However,
emerging data have pointed to the associated risk of lymphoma with these agents [6].

Few data are available in which the overall outcome of patients with CD who then
develop colon cancer has been assessed. Likewise, studies assessing the particular
treatment options in these patients are lacking.

Crohn’s Disease and the Risk of Colorectal Cancer 

Colorectal Cancer

Several publications have offered estimates of colorectal cancer risk in patients with
CD. Gyde and colleagues reported the relative risk of colorectal cancer in Crohn’s
colitis to be 23.8, compared to 4.3 in the general population [7]. A landmark study
from Sweden determined a relative risk of colorectal cancer of 5.6 for those with
exclusively colonic involvement, compared to a relative risk of 3.2 for patients with
ileocolitis and 1.0 for patients with ileal involvement only [8]. A subset analysis
revealed that patients whose disease was diagnosed prior to age 30 had a higher rel-
ative risk than patients diagnosed at an older age, similar to patients with UC. 

A meta-analysis of 12 hospital-based and population-based studies of colorectal
cancer in CD revealed an overall relative risk of 2.5 (95% CI, 1.3–4.7) [9]. In the sub-
set of patients with colonic disease, the risk rose to 4.5 (95% CI, 1.3–14.9), while for
patients with ileal disease only, the risk was not significantly different from that of
the general population. The cumulative risk of colorectal cancer for all patients with
CD, regardless of disease distribution was 2.9% at 10 years, 5.6% at 20 years, and
8.3% after 30 years of disease.

Jess et al. carried out a meta-analysis restricted to population studies of intestin-
al cancer risk in CD [10]. Six papers met the inclusion criteria and reported varying
estimates of relative risk of colorectal cancer, ranging from 0.9 to 2.2, with a pooled
estimate of 1.9 (95% CI, 1.4–2.5).

In a study from the UK, patients with extensive CD were compared to those with
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extensive UC with regard to colorectal cancer risk [11]. The results were similar,
with a relative risk of developing colorectal cancer of 18 for Crohn’s colitis and 19
for UC. The cumulate risk of colorectal cancer was 8% at 22 years for patients with
CD vs. 7% at 22 years for patients with UC.

A Canadian matched-cohort study of 5529 patients with IBD found the incidence
rate ratio (IRR) for colon cancer to be similarly increased in patients with UC (IRR
= 2.75, 95%CI: 1.91–3.97) and CD (IRR = 2.64, 95% CI: 1.69–4.12). For rectal can-
cer, the IRR of patients with UC increased (IRR = 1.90, 95% CI: 1.05–3.43) where-
as this was not the case in patients with CD (IRR= 1.08, 95% CI: 0.43 – 2.70). This
study reinforced the findings that CD and UC patients share a similar risk of colorec-
tal cancer. This is consistent with the finding that patients with CD have many of the
same risk factors for developing colorectal cancer as patients with UC, including a
younger age at diagnosis, a greater extent of colonic involvement, and longer dura-
tion of disease [12].

In contrast to the results from these studies, Jess et al. found no statistical
increase in the incidence of colorectal cancer in 692 patients diagnosed with either
UC or CD between 1940 and 2001, who resided in Olmsted County, Minnesota [13].
In this retrospective study, the standardized incidence ratio for colorectal cancer of
patients with CD was 1.9 (95% CI: 0.7–4.1).

Although the incidence of colorectal cancer appears to be elevated in patients
with IBD, there is substantial geographic variation. The reasons for these variations
are unclear but may involve a combination of genetic factors, diet, and differences in
the use of medications and/or preventive strategies [3].

While it is technically difficult to determine the exact risk of colorectal cancer
associated with CD, it is generally accepted that patients with CD of the colon are at
an increased risk for dysplasia and that this risk is related to the cumulative effect of
colonic inflammation.

Small-Bowel Adenocarcinoma

Carcinomas of the small bowel are uncommon, representing only 1–5% of all gas-
trointestinal tract malignancies. Most cancers of the small bowel in CD are adenocar-
cinomas, usually in the terminal ileum or jejunum. The most common presentation of
small-bowel cancer is intestinal obstruction. Other important symptoms include diar-
rhea, weight loss, and abdominal fistulae, but these symptoms are also found in CD.

The association of CD with small-bowel carcinoma is uncommon and to date only
some 130 cases have been reported in the literature, since the first description of this
entity in 1956 [14]. Nonetheless, the risk of small-bowel carcinoma in patients with
CD is 60-fold higher than in the general population [15,16]. It was suggested that,
surgically by-passed bowel segments are at particularly high risk of developing small
bowel adenocarcinoma [17]. Most ileal carcinomas in CD are located in the strictures
and are often diagnosed postoperatively [18,19]. 

Other interesting characteristics of small-bowel carcinomas are adjacent metapla-
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sia, adenoma, and epithelial dysplasia, all of which underline the importance of fur-
ther research with respect to the sequence of dysplasia in ileal adenocarcinoma in
relation to CD [20,21].

Risk factors for small intestinal carcinoma in CD are a chronic active course,
with stricture formation, fistulas, and onset of disease before the age of 30 years
[19,22]. Surgery should be considered if the fistulae or strictures cannot be adequate-
ly examined, or symptoms substantially worsen.

Carcinoid Tumors

The coexistence of other intestinal neoplasms, including carcinoid tumors, in
patients with CD has also been reported. To date, only a few case reports and case
series have reported an association of carcinoid tumors in patients with CD, and evi-
dence of an increased risk of carcinoid tumors in patients with CD is mixed. 

In a retrospective study, the incidence of carcinoid tumor in patients with CD was
4 of 111 (3.6%) [23]. In comparison, only 3 of the 1999 patients (0.25%) who had an
appendectomy also had an incidental appendiceal carcinoid tumor identified in the
pathologic specimen. Thus, CD was associated with an increased incidence of carci-
noid tumor, with an overall risk of 14.9 (95%, CI 2.5–102.5, p<0.0001). In all four
patients, the tumor did not occur in an area of inflammation, which suggests that the
development of carcinoid tumors in these patients is secondary to distant mediators
rather than to local inflammatory effects from adjacent CD. Possible mediators
include interferon (IFN)-γ or TNF-α . In addition, interleukin (IL)-12 has been impli-
cated in both CD and in carcinoid tumors and may play a role in the development of
these tumors [24]. In conclusion, the incidence of carcinoid tumors in patients with
CD seems to be increased. Routine screening is not, however, indicated because the
overall risk is quite low and in most cases the disease tends to have a benign course. 

Risk Factors

Patients with UC and those with CD appear to have a similar risk of developing col-
orectal cancer. Nonetheless, studies have shown that certain patients with IBD may
be at greater risk of developing cancer than others. Overall, factors that appear to
increase the risk of colorectal cancer in patients with IBD include disease duration,
severity, extent, family history of colorectal cancer, primary sclerosing cholangitis,
age at diagnosis, degree of histologic inflammatory activity, and presence of dyspla-
sia of any grade. The cumulative incidence of colorectal cancer has been shown to
increase with increased duration of disease. The extent of the colitis is an independ-
ent risk factor for the development of colorectal cancer. The greater the amount of
colonic surface involved with colitis, the greater the colorectal cancer risk. However,
different criteria are sued to classify the extent of colitis. 
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Endoscopic and histologic evidence of inflammation are valid alternative criteria,
particularly in high-risk patients. There are no studies that have correlated colorectal
cancer risk with histopathologic extent of disease, even though microscopic evidence
of colitis is arguably a better indicator of disease extent than either endoscopic or
radiographic changes.

A positive family history of sporadic colorectal cancer is a risk factor for colon can-
cer in the general population. IBD patients with a family history of colorectal cancer
have at least a two-fold higher risk of developing colorectal cancer [25]. Both UC and
CD patients with primary sclerosing cholangitis are at particularly high risk for devel-
oping colorectal neoplasia [26]. Young age at onset of colitis has also been reported to
be an independent risk factor for colorectal cancer in some studies [3]. Nonetheless, it
is somewhat difficult to compare the exact relative risk for these various factors because
of differences in the patient populations and in the analytical methods used. 

Clinical Features of Colorectal Cancer in Crohn’s Disease

Compared with sporadic colorectal carcinoma, colorectal cancers arising in patients
with CD have several distinguishing features. These cancers generally affect individ-
uals at a younger age compared to the general population. The carcinomas typically
progress from flat non-polypoid dysplasia rather than arising as sporadic carcinoma.
They also have a higher proportion of mucinous and signet ring cell histology, and
the likelihood of finding two or more synchronous primaries is higher [27].

There is no agreement in the literature as to the anatomical distribution of col-
orectal cancer in CD patients. Some studies have in fact suggested a predominance
of cancer in the right colon [28], whereas others have reported a high incidence of
rectosigmoid carcinomas [29]. One study compared the clinicopathologic features of
colorectal neoplasia complicating the two types of IBD. The median age at diagnosis
of cancer, the frequency of mucinous adenocarcinoma, and the frequency of dyspla-
sia adjacent to and distal from the cancer were similar in patients with UC and CD.
All neoplastic lesions occurred in areas affected by IBD [30]. The frequently seg-
mental topography of CD has, in the past led, to an approach favoring segmental
resection of the area involved by the cancer. According to the results of that study, a
more aggressive approach should be considered for patients with colorectal cancer
and CD. But it is evident that further research is needed to clarify this issue.

Pathogenesis of Colorectal Cancer in Crohn’s Disease

Molecular Pathology of Cancer in Crohn’s Disease

The exact mechanism by which chronic inflammation results in carcinogenesis is
unclear. Persistent inflammation is believed to cause increased cell proliferation as
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well as oxidative stress and ultimately the development of dysplasia [31,32]. In addi-
tion, it is postulated that many of the molecular alterations responsible for sporadic
colorectal cancer also play a role in the colitis-associated colon carcinogenesis.
These events include microsatellite instability, inhibition of regulatory genes via
hypermethylation of the promoter regions, and loss of adenomatous polyposis coli
(APC), p53, and k-ras tumor suppressor functions. However, the timing and sequence
of events differs from what is usually observed in patients with sporadic colorectal
cancer. Whereas APC loss is considered an early development in the adenoma-carci-
noma sequence of sporadic colorectal cancer, it is much less frequent and usually
occurs late in the colitis-associated dysplasia-carcinoma sequence [33]. Conversely,
p53 mutations, which represent the final mutation that transforms adenoma into car-
cinoma in sporadic tumors, occur early in patients with colitis and are often detect-
ed in a non-dysplastic mucosa [34].

Dysplasia in Crohn’s Disease

Dysplasia represents a premalignant phase during which therapeutic intervention can
prevent or minimize the complications associated with invasive cancer. An under-
standing of the definitions, diagnostic challenges, and natural history of dysplasia in
CD is therefore essential. Although few studies have evaluated dysplasia in CD, some
data support a dysplasia-carcinoma sequence [20,29]. Dysplasia is defined as
unequivocal tumor of the epithelium confined to the basement membrane, without
invasion of the lamina propria [35]. Dyplastic lesions can be classified as raised or
flat based on their endoscopic appearance. Flat dysplasia is classically thought to be
endoscopically invisible and is detected only on random biopsy specimens. Some
studies, however, have demonstrated that newer generation colonscopes with higher
optical resolution allow many of these lesions to be visualized by standard white-
light endoscopy [36]. Elevated lesions that are endoscopically visible but not
amenable to endoscopic resection are often referred to as DALMs (dysplasia-associ-
ated lesion or mass), a term attributable to the high rate of synchronous malignancy
associated with these lesions. A newer term, ALM (adenoma-like lesion or mass), has
been introduced to describe the finding of a polypoid lesion resembling a sporadic
adenoma and located in an area of the colon not involved by chronic colitis. A stan-
dardized classification system introduced by Riddell [35] divides dysplasia into four
categories: indefinite dysplasia, low-grade dysplasia (LGD), high-grade dysplasia
(HGD), and cancer. Although this system has been widely accepted, its limitations
include poor inter-observer agreement and intra-observer reliability even among
expert gastrointestinal pathologists [37].

Dysplasia of any grade is associated with a risk of concurrent colorectal cancer
in patients with IBD. The rate of progression from LGD to HGD or cancer has been
evaluated in patients with UC who have undergone colectomy. In a review of ten
prospective surveillance trials, 43% of patients who underwent colectomy because of
DALM had coexistent colorectal cancer; 42% of patients with HGD and 16% of
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patients with LGD who underwent immediate colectomy had synchronous colorectal
cancer [38]. More recently, Rutter et al., from St Mark Hospital, reported that 20%
of patients with LGD who proceeded to colectomy were found to have concurrent
adenocarcinoma while 39.1% who were followed-up for LGD progressed to subse-
quent HGD or colorectal cancer [39]. The reported frequency of dysplasia in mucosa
adjacent to colorectal cancer in patients with CD ranges from 40% [40] to 100% [29].

Management of Dysplasia

The management of dysplasia should rely on knowledge of its natural history. A
description of the inflammation-dysplasia-carcinoma sequence facilitates our under-
standing of the molecular alterations involved in IBD-associated colorectal cancer. It
is important, however, to recognize that this process does not necessarily occur in a
systematic and sequential progression, from inflammation to indefinite dysplasia, to
LGD, to HGD, and ultimately to invasive carcinoma.

Cancer can develop without any apparent preceding dysplasia and the natural his-
tory of LGD has been described to regress or to progress to cancer without necessar-
ily evolving first into HGD [41]. This unpredictable course of dysplasia in IBD com-
plicates efforts to develop molecular or histologic markers of neoplastic progression
or future cancer risk.

Surveillance

The best proof that surveillance with colonoscopy effectively reduces colorectal can-
cer mortality would be a prospective randomized controlled trial in which patients
with longstanding IBD undergo colonscopic surveillance whereas controls matched
for a similar risk profile would not. However, due to ethical, financial, and practical
limitations, this type of study is not likely to occur and we must, therefore, rely on
retrospective studies. To date, only one practice-based surveillance study has been
reported [42]. In that study, 259 patients with chronic Crohn’s colitis were followed
in a prospective colonoscopic surveillance program. Screening examination detected
definite dysplasia or cancer in 18 patients (7%); 13 had LGD, 2 had HGD, and 3 had
cancer. On surveillance examinations, dysplasia or cancer was found in an addition-
al 30 patients (14%): 22 had LGD, 4 had HGD, and 4 had cancer. The cumulative risk
of detecting an initial finding of any definite dysplasia or cancer after a negative
screening colonoscopy was 25% by the tenth surveillance examination. The cumula-
tive risk of detecting an initial finding of flat HGD or cancer after a negative screen-
ing colonoscopy was 7% by the ninth surveillance examination. While additional
data are needed, a UC-based surveillance strategy seems reasonable [43]. An initial
screening colonoscopy should be performed 8–10 years after the onset of symptoms
attributable to CD. 

Patients in whom at least one-third of the colon is involved are considered to have
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extensive colitis. Those patients with left-sided or extensive colitis who have a neg-
ative screening examination should continue periodic surveillance at an interval of
every 1 or 2 years. Any finding suspicious for dysplasia should be discussed with the
pathologist. If the suspicion of dysplasia is high, surveillance with a repeat exam in
3–6 months may be indicated.

The management of LGD is a subject of debate among experts, with no clear con-
sensus on optimal management. Patients should be informed regarding the risks and
benefits of immediate surgery vs. colonoscopic surveillance [44]. If LGD is detect-
ed in a discrete polyp that can be resected and there is no flat dysplasia adjacent to
the polyp, surveillance can be continued. If LGD is detected in a flat mucosa, sur-
gery should be seriously considered. 

The finding of flat HGD should prompt referral for immediate total proctocolec-
tomy due to the high possibility of concurrent or subsequent malignancy. If HGD is
diagnosed in an adenoma-like polyp and the affected area can be completely removed
without evidence of flat dysplasia, surveillance can be continued.

A review assessed the role of endoscopic surveillance in prolonging life by per-
mitting earlier detection of colon cancer or dysplasia in patients with IBD [45]. The
conclusion was that there is no clear evidence that surveillance with colonoscopy
prolongs survival in patients with extensive colitis. While cancers tend to be detect-
ed at an earlier stage in patients who undergo surveillance, and these patients have a
correspondingly better prognosis, lead-time bias could contribute substantially to
this apparent benefit.

As with any medical recommendation, the decision regarding surveillance vs.
surgery should be personalized and discussed with the patient. Hopefully, surveil-
lance strategies will become more defined as more knowledge of the natural history
of dysplasia in CD will be obtained.

Surgery

The timing of surgery in CD is based on the evaluation of several factors, such as the
failure of medical treatment, complications due to CD or to pharmacological thera-
py, growth retardation, and the development of dysplasia or cancer. An important
question that remains to be clarified is whether patients with dysplasia or cancer in
the setting of segmental Crohn’s colitis should undergo segmental resection of the
involved area or proceed to a more extensive UC-like approach. The same criteria as
in UC apply regarding the indications for prophylactic colectomy [46]. When proc-
tocolectomy is required, patients are most often advised to undergo permanent
ileostomy, as there is a high rate of functional failure if ileal pouch reconstruction is
performed. Only in highly selected patients with Crohn’s colitis can ileal pouch
reconstruction be recommended with the possibility of successful disease control and
possibly cancer prevention [47].

Another dilemma in patients with Crohn’s colitis is the management of strictures.
A stricture in the colon of a patient with UC usually means an underlying malignan-
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cy, especially if the stricture is causing symptoms and is located in the proximal
colon [48]. However, since the majority of strictures in Crohn’s colitis are benign, the
patient can often be managed conservatively and followed with annual surveillance
and biopsy if the lesion can be traversed with a standard pediatric colonscope. In the
setting of longstanding CD, consideration should be given to surgical resection of the
stricture due to the increased risk of cancer [43].

Chemoprevention

Despite the relative protection afforded by surveillance colonoscopies, there are still
patients with IBD who develop colorectal cancer. This raises the question whether
chemoprevention can reduce the risk of colorectal cancer in IBD patients.
Chemoprevention refers to the use of chemical compounds to prevent, halt, or reverse
the development of cancer. The goal of chemoprevention should be to reduce col-
orectal cancer risk, allowing for less frequent surveillance examinations and a reduc-
tion in the number of invasive cancers. 

The bulk of evidence in favor of chemoprevention in IBD relates to the use of 5-
aminosalicylates (5-ASA). Unfortunately, no prospective data exist and retrospective
studies have yielded mixed results with regard to the protective effect of these drugs.
Multiple studies have assessed the utility of 5-ASA in preventing dysplasia and can-
cer in patients with UC, whereas fewer studies have assessed this endpoint in patients
with CD. A meta-analysis consisting of nine case-control and cohort studies in UC
patients revealed a pooled odds ratio of 51% (95% CI, 0.38–0.69) for the develop-
ment of dysplasia or cancer in patients who regularly used 5-ASA medications [49].
This is in contrast to a retrospective case-controlled study in 25 patients with IBD
and colorectal cancer, which demonstrated no association between 5-ASA use and a
reduction in colorectal cancer risk [50].

The mechanisms by which 5-ASA exerts its anti-inflammatory effects have not
been completely elucidated. Proposed mechanisms include modulation of inflamma-
tory cytokine production [51], inhibition of cyclo-oxygenase [52], inhibition of
inducible nitric oxide synthase (an important final effecter of mucosal injury in IBD)
[53], inhibition of nuclear factor κB (a transcription factor responsible for the
expression of multiple genes involved in inflammatory responses and the promotion
of carcinogenesis via the blockade of apoptosis) [54], activation of the peroxisome
proliferator-activated receptor-γ (a nuclear receptor highly expressed in the colon
that plays a key role in bacterial induced inflammation) [55]. These mechanisms
underlie the anti-inflammatory effect of 5-ASA, and some may also contribute to
their chemopreventive effects.

While other medications have been explored as potential chemopreventive
agents, none have yielded satisfactory results. Currently, insufficient data preclude
the use of folates, corticosteroids, NSAIDs, calcium, statins, and immunomodulators
as chemoprotective agents against colorectal cancer.
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Anti-TNF Therapy and the Risk of Malignancies

Infliximab is an anti-TNF agent that has been shown to be effective in the treatment
of luminal and fistulizing CD. Induction and maintenance therapy with the drug was
introduced into practice in 1998 [56,57]. Randomized controlled trials for the treat-
ment of luminal CD have shown that two other anti-TNF agents, adalimumab and
certolizumab, are also effective [58,59].

Due to their proven efficacy, TNF-antagonists are widely used in CD, but con-
cerns have been raised about their long-term side effects. A meta-analysis in patients
with rheumatoid arthritis treated with anti-TNF therapy found an increased risk of
malignancies [60]. In a multicenter matched pair study, 404 patients with CD treated
with infliximab were matched with 404 patients who had never received infliximab.
The goal of the study was to assess whether infliximab is associated with an
increased risk of cancer. Among the 404 patients treated with infliximab, cancer was
diagnosed in nine (2.22%) while among the 404 not-treated patients, seven developed
tumors (1.73%) (OR 1.33, 95% CI 0.46–3.84), p = 0.40). Thus, the incidence of
tumors in CD associated with inflixumab use was comparable to that in patients who
had never received infliximab.

A recent meta-analysis of placebo-controlled trials evaluated the efficacy and
safety profile of TNF antagonists for CD [61]. In the overall analysis, there was no
difference in the frequency of malignancies between anti-TNF and control groups
(0.24 vs. 0.39%, respectively, 95% CI, 0.45–0.18). In the subgroup analysis, there
was no difference between anti-TNF and control groups in short-term and long-term
induction trials and in maintenance trials.. These data need to be interpreted with
caution because of several limitations. Patients in clinical trials might not represent
those seen in clinical practice; the control group usually had anti-TNF exposure; and
follow-up might not be sufficiently long for serious events such as malignancy to
occur.

Systemic Treatment of Colorectal Cancer in Patients with Crohn’s Disease

Only one retrospective trial has compared the overall outcome for patients who have
colon cancer and IBD with that of patients who have colorectal cancer alone. No dif-
ference in 5-year survival was found between 290 patients who had colorectal can-
cer and IBD, and age- and sex matched patients who had colorectal cancer but not
IBD [62].

Furthermore, no data are available to assess the specific treatment options in
patients who have CD and develop colorectal cancer. Patients with IBD who develop
colorectal cancer are known to be at higher risk for developing severe diarrhea dur-
ing chemotherapy, due to the toxic effect of the cytotoxic drug or to a flare of the
underlying bowel disease. In patients with CD who have undergone a partial bowel
resection, increasing diarrhea could indicate active IBD. For decades, treatment with
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fluoropyrimidines has been the backbone of therapy; however, effective chemothera-
peutics agents and targeted drugs have increasingly proven useful. These include flu-
orouracil (5-FU), a fluorinated pyrimidine, that acts primarily by inhibiting thymidy-
late synthetase and thereby impairs nucleotide synthesis and DNA replication.
Almost 25 years after its development, 5-FU remains the central drug of colon can-
cer therapy. In one small retrospective study [63], 19 patients with colorectal cancer
and IBD (10 patients had CD) were treated at the Memorial Sloan-Kettering Cancer
Center with 5-FU based chemotherapy. Of these 19 patients, 53% experienced dose-
limiting diarrhea. This is much higher than the rate of 5–15% that is typically asso-
ciated with this treatment in randomized trials. The degree of active IBD prior to
treatment had no effect or predictive value on the development of diarrhea. These
observations have led investigators to recommend that patients with CD and gastroin-
testinal malignancies should be administered full-treatment doses of 5-FU but should
be monitored carefully for toxicity effects.

Irinotecan is a semisynthetic topoisomerase-I inhibitor that causes the persistence
of DNA strand breaks during replication. It is a prodrug that is hydrolyzed in the liver
into the active compound SN-38. The most common dose-limiting toxicity is
delayed-onset diarrhea, which occurs in up to 33% of treated patients. No reports are
available for the use of irinotecan in patients with IBD, but one would expect a high
rate of dose-limiting diarrhea and sepsis. Therefore, this drug should be used judi-
ciously or avoided in patients with CD.

Oxaliplatin is a platinum compound that induces DNA damage by forming DNA
adducts or cross-links and inducing apoptosis. It acts synergistically with 5-FU with
regards to its therapeutic efficacy but also in relation to myelosuppression and diar-
rhea. The incidence of severe diarrhea in regimens containing oxaliplatin and 5-FU
seems to be less than that observed with irinotecan and 5-FU. Therefore, this combi-
nation seems a more appropriate choice for patients with CD.

Bevacizumab is a humanized monoclonal antibody that targets vascular endothe-
lial growth factor (VEGF), which is responsible for the stimulation of blood vessel
growth in tumors. It has been approved by the US Food and Drug Administration and
the EMEA in Europe for first-line treatment of advanced colorectal cancer in combi-
nation with any 5-FU-containing regimen. Because of the possibility of intestinal
perforation associated with the use of this drug, it is necessary to be more cautious
and it should be avoided in patients with CD.

Cetuximab is a recombinant chimeric monoclonal antibody that binds specifical-
ly to the epidermal growth factor receptor (EGFR) on normal and tumor cells, thus
competitively inhibiting the binding of epidermal growth factor (EGF) and related
ligands. Cetuximab is effective as second-line treatment, either alone or in combina-
tion with an irinotecan-containing regimen, in patients whose disease has progressed
following treatment with another irinotecan-containing regimen. The observed pauci-
ty of severe gastrointestinal side effects in patients treated with cetuximab may be
due to the drug’s selectivity for its target and the relative quiescence of the targeted
pathway in homeostatic adult tissue. During acute or chronic inflammation, these
pathways may be activated to induce processes of tissue regeneration, repair, and
growth. There are some data suggesting that the EGF pathway plays an important role
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in repairing the inflamed colon. Theoretically, EGFR inhibition could exacerbate the
severity of underlying disease. Despite these theoretical concerns, cetuximab is well-
tolerated in patients with IBD.

There is no symptom-based method of distinguishing chemotherapy-induced
diarrhea from IBD-associated diarrhea. For patients with CD who undergo
chemotherapy for colorectal cancer and develop diarrhea, it is prudent to assume that
there has been a disease flare and thus to treat with aminosalicylates.
Immunosupressive drugs such as corticosteroids, 6-mercaptopurine, or TNF antago-
nists should be avoided during chemotherapy because they may lead to a higher inci-
dence of hematological toxicity.

Conclusions

Patients with CD and IBD have an increased risk of colon cancer. However, having
CD does not automatically imply the development of cancer; in fact, 90% of IBD
patients do not develop cancer. While there is a link between CD and an increased
chance of developing cancer, this risk is especially increased in patients who have
had IBD for an extensive period of time, such as 8–10 years, and disease affecting
the entire colon. If only a small part of the colon is involved and the disease has not
been present for a long period of time, patients are less likely to develop cancer. 

It may be difficult to detect colon cancer in Crohn’s sufferers as its early symp-
toms often mimic those of IBD. Diarrhea and rectal bleeding are common symptoms
in CD patients and may not cause concern. Regular colonoscopies should be per-
formed in patients who have had CD for extended time periods. Colonoscopy with
multiple biopsies is currently the most reliable method available.

Optimizing strategies for CD patients with colorectal cancer who undergo
chemotherapy requires further research specifically for these patients, highlighted by
an integrative multidisciplinary approach with collaboration among oncologists, gas-
troenterologists, and surgeons.
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Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are the two major subtypes of
inflammatory bowel disease (IBD). Hematological changes, including anemia,
hypercoagulable state, thrombocytosis, leukocytosis, and acute or chronic forms of
leukemia, have been reported in IBD patients [1]. Patients with IBD are also suspect-
ed of being at increased risk of malignant lymphomas, especially non-Hodgkin’s
lymphoma (NHL), as of other inflammatory disorders, namely rheumatoid arthritis
(RA), Sjögren syndrome, and systemic lupus erythematosus (SLE) [2]. In all these
conditions, as in IBD, the respective role of chronic inflammation and of immuno-
suppressive treatment in the development of lymphomas has not been elucidated,
although the role of the immune system in the development of malignant disorders,
especially lymphomas, is well recognized. 

The prevalent distribution of lymphoma in the tracts of inflamed bowel suggests a
causal relationship with IBD. Lymphoma might develop as a result of the prolonged
stimulation of mucosa-associated lymphoid tissue (MALT). This could also explain the
increased risk of NHL in RA patients who do not receive immunosuppressive therapy
[3]. But intestinal lymphoma can also masquerade as IBD. In fact, the gastrointestinal
tract is the most common site of extranodal lymphomas, and the duration of IBD at the
time of lymphoma diagnosis is often quite short [4]. In other words, lymphoma may be
already present when IBD is diagnosed or may mimic the clinical picture of IBD. 

Agents with proven efficacy in the treatment of IBD include azathioprine (AZA),
6-mercaptopurine (6-MP) and methotrexate (MTX) [5,6]. New biological agents [7]
have been recently introduced, in particular infliximab. Concerns regarding infec-
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tious and malignant sequelae related to the long-term effects of these drugs have
emerged; in particular, an actual risk of lymphoma has been attributed to their pro-
longed use [8]. 

In a large population-based study [9] of 6,000 patients with CD, 10,000 with UC
and more than 60,000 control subjects randomly selected from non-IBD patients, the
relative risk (RR) of lymphoma in either of the patient groups was found not to reach
statistical significance. Another large study [10] of over 47,000 Swedish patients
with CD or UC found 264 hematopoietic cancers during follow-up, which corre-
sponds to a borderline significant 20% increased risk in both UC and CD; myeloid
leukemia occurred significantly more often than expected. Recently, Hemminki et al.
[11] published a study on 21,788 hospitalized CD patients throughout Sweden. In
this group, 1,424 patients developed cancer, but the highest standardized incidence
ratio (SIR) for all patients was reported for small intestinal cancer (SIR 13.82) fol-
lowed by cancers of the colon, liver, testis, and kidney and by NHL (SIR 2.54), with
ten-fold more cases of NHL than of Hodgkin’s disease (HD). The lymphoma risk was
also higher than in other studies. Unfortunately, there are no data on the medications
used by the study patients. A meta-analysis [12] quantified the risk of malignancies
in 60,122 patients with CD. Compared with the normal population, there was an
increased risk of small bowel, colorectal, and extra-intestinal cancers as well as of
lymphoma (RR 1.42). Whether the severity and duration of disease contribute to the
risk of lymphoma is matter of discussion. 

A profound immunodeficiency is associated with the loss of Epstein-Barr virus
(EBV)-specific cytotoxic T-lymphocytes and may result in EBV-driven malignant
proliferation. Also in IBD, some reports have pointed to a potential association
between the use of thiopurines and the development of EBV-related lymphomas.
Dayarsh et al. [13] identified 18 IBD patients diagnosed with lymphoma between
1985 and 2000. Six of them were on AZA or 6-MP. Pathology specimens showed evi-
dence of EBV in five of the six patients treated with thiopurines but in only two of
the ten patients not on immunosuppressive agents. Moreover, EBV DNA and EBV
gene products have been observed in the mucosal samples of patients with IBD who
had gastrointestinal lymphomas [14]. Several population-based studies have exam-
ined the risk of lymphoma in patients with IBD who had been treated with AZA and
MP, reporting conflicting results. A meta-analysis of six cohort studies meeting
severe inclusion criteria was recently carried out by Kandiel et al. [15]. Among the
11 lymphomas, there were nine cases of NHL and two of HD, compared to the
expected 2.6 cases overall. Of the nine NHLs, four originated in the bowel and one
in the central nervous system. Lewis et al. [16] used a Markov decision analysis
model to show that the benefits of AZA treatment clearly outweigh the risk. This ben-
efit was greatest in young patients, who have the lowest baseline risk of lymphoma
and the greatest life expectancy in the absence of a CD-related death. Farrel et al. [4]
analyzed 782 patients, including 238 who were on immunosuppressive therapy. Four
patients, all with prior immunosuppressive therapy, had NHL (three cases were intes-
tinal and one was mesenteric) as compared with no cases of NHL among the remain-
ing 544 IBD patients without prior immunosuppression (SIR 31.2; p=0.0001). 

A number of adverse events have been associated with infliximab, including lym-
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phomas. RA studies offer meaningful data. A recently published meta-analysis [17]
reports 24 malignancies (10 malignant lymphomas) among 3,493 RA patients treat-
ed with antibodies to tumor necrosis factor (TNF), while there were only two malig-
nancies (and no lymphomas) among the 1,512 control patients. Malignancies were
significantly more common in patients treated with high doses than with low doses
of anti-TNF antibodies. In contrast, studies on IBD offer no evidence. In a retrospec-
tive review [18] of 117 patients with CD treated with infliximab, no case of cancer
was reported. In another retrospective analysis [19], the medical records of 500 CD
patients treated with infliximab were reviewed. Nine newly diagnosed cancers were
reported but only two patients developed lymphoma (1 NHL and 1 HD). In a Swedish
population-based cohort study, 212 IBD patients treated with infliximab were
observed for 28 months [20]. Half the patients received concomitant therapy with
AZA, 6-MP, or corticosteroids. Three cases of lymphoma were reported in CD
patients (1.4%), one was a NK-cell lymphoma and two were B-cell lymphomas. The
incidence rate of lymphoma in this cohort was slightly higher than the population-
based incidence. No increase in lymphoma incidence was reported by a study from
Italy [21], in which 404 CD patients treated with infliximab were compared with 404
matched CD patients who had never received the biological agent. The post-market-
ing surveillance registry [22] enrolled 6,290 patients, 3,179 of whom received inflix-
imab while 3,111 were treated with other therapies. There was no statistically differ-
ence in terms of incidence of all malignancies, including lymphoma. Patients treated
with infliximab had more severe CD but the rates of mortality and neoplasias were
similar to those in patients treated with other therapies. Moreover, the risk of lym-
phoma should be weighted also against other endpoints. Siegel et al. [23] analyzed
the quality of life in patients treated with infliximab. Their complex simulation
model showed that the infliximab-treated group would experience more quality-
adjusted life-years than the standard therapy group.

Concerning the pathological findings, recent data have focused on the association
of IBD, infliximab, and hepatosplenic T-cell lymphoma [24–26], a rare form of
aggressive NHL that comprise 5% of peripheral T-cell NHLs and often occurs in
young adult males, either de-novo or as secondary tumor in immunocompromised
patients. Ten patients, age 12 to 32 years, were described in a recent review by Rosh
et al. [26]. The number of infliximab infusions ranged from 1 to 24. All ten patients
were on concomitant immunosuppression with AZA or 6-MP. Nine were affected by
CD. Six patients died of their lymphoma. It is not clear whether the apparently
increased incidence of hepatosplenic T-cell lymphoma was due to infliximab, 6-MP,
AZA or a combination of the three drugs.

Overall, the data show that, in patients with CD, there is probably a slightly
increased risk of lymphoma. The risk seems to be lesser than in autoimmune diseases
such as RA and SLE [27]. However, the question whether the risk of developing a
lymphoma is related to the treatment itself, to disease severity, to concomitant
immunomodulation, or to all these factors in combination has been largely ignored.

Once a diagnosis of lymphoma has been made in a patient with IBD, treatment
should be instituted. While this is usually done by the hematologist or the oncologist,
gastroenterologists should be aware of the risks and possible advantages of
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chemotherapy, radiotherapy, or immunotherapy in these patients. In the literature,
however, the issue of treatment in IBD-associated lymphomas has received no atten-
tion. We have data for other autoimmune disorders, such as RA, for which standard
chemotherapy, such as CHOP, alone or in association with the monoclonal anti-CD20
antibody (rituximab), is reported to be well tolerated and often (77% of cases)
induces a remission also of the underlying rheumatoid disease [27].

In our practice, patients with IBD and associated lymphoma receive standard
treatment regimens. The exact strategy largely depends on lymphoma histology and
clinical stage. The CHOP regimen is considered the standard of care in aggressive
NHL, and CVP in indolent clinicopathological types [28]. As in non-IBD-associated
lymphomas, rituximab is added as it seem to improve chemotherapy results. Once the
lymphoma has been diagnosed, the staging carefully accomplished, and treatment
planned, immunosuppressive therapy for IBD (e.g., AZA, 6-MP, MTX) should be
stopped to avoid the toxic effects incurred by combining the two treatments.

The use of high-dose myeloablative chemo-radiotherapy followed by transplanta-
tion of the autologous or allogeneic hematopoietic stem cells deserves special con-
sideration [29,30]. This treatment is often given to eradicate malignant lymphomas in
patients with poor-prognosis disease, but is able to induce a durable response also in
those with IBD. In one study, 18 patients with CD underwent allogeneic transplanta-
tion for concomitant hematological disorders [31]. At the time of transplantation, six
patients were in remission of CD and 12 had moderate to severe disease, with a his-
tory of CD complications including fistulae, obstructions, and extraintestinal mani-
festations. The majority of patients received cyclophosphamide and total body irra-
diation (TBI) as conditioning regimen. Following transplantation, 11 patients
achieved CD remission. There were two transplant-related deaths. At the last follow-
up reported, seven out of 18 were off immunosuppressive drugs. 

The results achieved in seven patients with CD who received an autologous transplan-
tation for treatment of an underlying lymphoma, acute leukemia, or breast cancer have
been described in the literature [32,33]. Prior to hematopoietic stem cell transplantation,
the majority of these patients had active IBD with complications necessitating surgery.
All transplanted patients achieved clinical CD remission, with a median follow-up of 60
months. At the time of this writing, only two of these patients continued their medica-
tions. These data suggest that high-dose therapy results in CD remission without a need
for ongoing immunosuppressive treatment and with a reasonable hope for cure. They also
encourage the use of autologous transplantation for the treatment of CD itself [34]. 
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Context and History

Psychological factors can have an impact on every medical condition, if only because
a patient’s state of mind will affect how assiduously he or she will take the prescribed
medications. Psychophysiological phenomena vary in their importance according to
the disease, and are arguably strongest in the so-called functional disorders. In irrita-
ble bowel syndrome, for example, symptoms are highly vulnerable to the effects of
psychological distress on bowel motility and on the threshold for perceiving internal
phenomena as painful. But such mechanisms can be important in “organic” conditions
as well – watching your national soccer team play in the World Cup can bring on a
myocardial infarction [1] – so the severity of Crohn’s disease (CD) does not exclude
an impact of psychological factors on onset and clinical evolution. 

The first description of CD happened to coincide with a period of enthusiasm for
psychosomatics, fueled by researchers armed with pathophysiological sophistication
and psychoanalytic theory. Ulcerative colitis (UC) was already considered a prime
“psychosomatic” disease, and CD was promptly added to the list.

For many years, the clinical literature supporting this concept was beset by
methodological limitations and hampered by excessive enthusiasm, so it was no sur-
prise when in the 1970s and 1980s enthusiasm for biomedical reductionism led to a
denial of any effects of psychological factors in inflammatory bowel disease (IBD)
[2]. Such swings are frequent in modern medicine – good examples are the roles of
dietary fiber in diverticulosis and of dietary calcium in urolithiasis.

During the 1990s the story changed again. Studies carried out with modern sci-
entific acumen began to produce evidence that psychological factors have a role in
IBD after all, at the same time that mind-body interactions were gaining legitimacy
through advances in fields such as psychoneuroimmunology [3]. 
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Many physicians and IBD patients believe that psychological factors contribute
to the clinical evolution of the disease [4, 5]. Patients in particular are often con-
vinced that oscillations in their disease are tightly linked to stress or distress, out of
proportion to the modest effect documented in the scientific literature.

This chapter will attempt to provide gastrointestinal surgeons with a perspective
on the relation between body and psyche in CD, by reviewing the effect of psycho-
logical factors on animal models of IBD; examining similar research in human sub-
jects; discussing the impact of CD on patients’ lives; and reviewing research and
expert experience on the role of professional psychological support in the treatment
of these patients. 

Stress in Animal Models of Inflammatory Bowel Disease

Exposing laboratory animals to psychological stressors can, by itself, induce bowel
inflammation [6], and stress can have a strong potentiating effect on experimental
colitis induced by chemical agents such as trinitrobenzenesulfonic acid, dinitroben-
zenesulfonic acid, or dextran sulfate sodium [7]. In an elegant series of experiments,
Collins and co-workers induced an experimental colitis in rodents using high-dose
di- or trinitrobenzenesulfonic acid, allowed the animals to recover, and then attempt-
ed to trigger relapses using lower doses. Restraint and noise stress proved to act as
potentiators, enabling inflammation to develop after exposure to what would other-
wise have been sub-threshold levels of the drugs [7,8].

Mechanisms of the effects of stress on gut inflammation in animal models have
recently been authoritatively reviewed [9]. Increased gut permeability to intestinal
antigens and bacteria is a key mediator [10,11], with involvement of corticotropin-
releasing hormone, mast cells, and cholinergic nerves [12].

Early separation of young mice and rats from the mother – considered as a murine
model of depression – leads to increased gut permeability to bacterial antigens and
to enhanced vulnerability to chemical colitis in adulthood [13,14], suggesting a role
for early experiences in intestinal inflammation that occurs in later life.

Conclusion: Physical and psychological stressors consistently increase intestinal
permeability in animals, potentially causing inflammation themselves and/or facili-
tating colitis induced by chemical agents.

The Effect of Psychological Factors on Crohn’s Disease

Laboratory Stressors

In an elegant laboratory study, IBD patients and healthy adults were exposed for 5
days to a cold pressor stressor, with rectal biopsies performed before and after the
stress period. The colonic mucosa of both subject groups reacted with inflammatory
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changes, including activation and degranulation of mucosal mast cells, mitochondri-
al damage to epithelial cells, and mucosal protein oxidation. These changes were
more marked in IBD patients than in healthy subjects, with no difference between
those with UC and CD [15]. 

In another study, patients with inactive UC underwent a psychological stress pro-
cedure followed by rectal biopsy. Mucosal blood flow decreased after stress, while
mucosal inflammatory indicators, including TNF-α release and reactive oxygen
metabolite production, increased substantially [16].

Initial Diagnosis

Psychosocial factors play little role in the origins of CD, judging from a prospective
study that used population-wide registries to compare all 21,062 parents who had
experienced the death of a child in Denmark between 1980 and 1996 to parents
whose children had not died [17]. This extremely traumatic stressor did not add to the
risk of a new diagnosis of either UC or CD over the following 6–23 years, nor did it
lead to an increased number of hospitalizations for IBD. 

A recent well-performed case-control study of newly diagnosed patients did find
an excess of stressful life events during the months before disease onset in patients
with CD, which was statistically accounted for by increased levels of two possible
mediators: depressive symptoms and anxiety [18]. Stress and distress may therefore
accelerate the initial inflammatory process in a person with preclinical disease – or
may simply bring the date of diagnosis forward due to the hypervigilance to somatic
phenomena that is typical of anxiety and depression. 

Disease Course

Patients often recall having had high stress levels [19] or stressful life events [20]
before periods of active disease, but such retrospective data are limited by the possi-
bility of confounding by recall bias and by the distressing effects of the disease itself. 

More convincingly, several groups have evaluated psychosocial factors among
CD patients during periods of relative disease inactivity and tracked the subsequent
course of the disease over time. Mittermaier and colleagues found that depressive
symptoms at baseline increased the risk of exacerbation over the subsequent 18
months [21]. Mardini and colleagues found that depressive symptoms worsened dis-
ease activity after a lag period of 2–3 months [22]. Bitton and colleagues found a
strong trend for depression to predict subsequent exacerbation, at a p = 0.10 level
[23]. Perhaps the most convincing evidence comes from Persoons et al., who studied
100 patients undergoing treatment with infliximab [24]. Major depression at base-
line, found in 29% of subjects, substantially increased the risk of failure to achieve
or maintain remission: 71% of depressed patients vs. 30% of non-depressed patients
failed to enter remission at 4 weeks, and 100% vs. 73% required retreatment with
infliximab within 9 months. 
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In these studies, the main psychological culprit in CD seems to be depression,
whereas stress per se seems to have little impact. One large prospective study of a
mixed IBD population found no impact of stressful life events on either patient group
at a lag time of 1–3 months [25], while Bitton found no direct association between
either perceived stress or minor life problems and subsequent disease activity [23]. 

It is likely that only certain CD patients are vulnerable to psychological factors,
just as stress triggers headaches in only a subgroup of migraine sufferers [26].

Studies in Ulcerative Colitis

The evidence of an impact of psychological factors is stronger for patients with UC
than for those with CD. The retrospective or case-control literature is somewhat
mixed, with some studies reporting an association of recalled life stress with disease
activity [19,27] and others not [20,28,29], but studies with a stronger methodology
have found more consistent associations. Patients with UC in clinical remission are
more likely to show endoscopic signs of activity if they are experiencing high levels
of life stress [30], and when patients are enrolled in clinical remission life stress has
been found reliably to predict subsequent disease activity [31,32]. This association
may be quite strong: if a patient with UC is in the upper tertile for stress, his or her
risk of experiencing an exacerbation both in the medium term (6–8 months) and the
long term (up to 5 years) is triple that of a similar patient with lower stress levels [31].

Maunder and colleagues examined the impact of various enduring patient charac-
teristics on the stress–activity relationship in UC, documenting that the link between
stress and inflammation differs in biological subgroups of patients. Disease activity
was significantly correlated with depressive symptoms and with health anxiety in
patients who lacked the pANCA antibody, whereas neither correlation was signifi-
cant in pANCA-positive patients [33]. Patients who had atypical autonomic respons-
es to an acute psychological laboratory stressor (recall of a stressful life event) had
a higher level of disease activity 7–37 months later [34]; contrary to expectations,
what characterized the high-risk patients was a particularly sluggish rather than a
particularly brisk vagal response to stress [34].

Studies of patients with one form of IBD may be relevant to the other form, but
there appears to be some specificity: life stress rather than depression is the major
exacerbating agent in UC patients. Long-term or cumulative stress may be more
important than acute stressful events, which have been reported to have a short-term
triggering effect by some [32] but not most investigators [31,35,36]. Several groups
have reported, similarly, that anxiety and depression are not followed by flares of UC
during the subsequent month or so [31,36,37]. 

Methodological Issues

It is difficult to perform reliable studies of mind-body interactions in patients with
CD. The disease is typically severe and disruptive of daily life, has no known cure,
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and complete remission is unusual – even a patient meeting the standard research
definition, a Crohn’s disease activity index (CDAI) <150, may have diarrhea and
abdominal pain. Patients with more aggressive disease are more prone to exacerba-
tions and are also more subject to psychological distress, a confounding effect that
makes it difficult to have complete faith in associations detected between distress
and subsequent disease course. Furthermore, disease activity in CD patients must be
gauged largely on the basis of self-reported symptoms, leaving room for confound-
ing by the sort of recall bias that has been termed “effort after meaning,” in which
the patient attempts to make sense out of otherwise inexplicable health events [38].
Even a prospective relationship between distress and subsequent disease activity can
be confounded by the residual psychological impact of previous disease activity.

Ulcerative colitis is easier to study: disease activity can be determined objective-
ly with proctoscopy, and for most patients periods of disease activity alternate with
periods of complete clinical remission. This means subjects can be evaluated during
remission and then followed until the disease rears its head again. A comparably con-
vincing study of CD would have to enroll patients immediately following complete
surgical resection and follow them over time; such a study has as yet not been per-
formed, although Persoons’ study of infliximab-induced remission comes close [24].

Conclusion: Psychological distress, especially depression, can have a deleterious
effect on the course of CD.

Personality

Previously, personality factors, especially immaturity, dependency, and obsessional
traits, were considered to be important in the precipitation and recurrence of UC [39]
and a conclusion that was subsequently extended to CD. This concept has faded, and
the current consensus is that while a patient’s personality structure may influence his
or her adjustment to the disease [40], any personality traits associated with IBD are
likely to be caused by the illness [2].

An impact of CD on durable personal traits is plausible. Symptoms often begin
during adolescence, forcing patients back into dependent roles during an impression-
able period whose defining characteristic is the search for independence, and then
further impairing their self-esteem by feelings of being different and by the spectre
of fecal incontinence – which, incidentally, can dictate an “obsessional” preoccupa-
tion with locating the nearest toilet. In practice, aside from some increase in depend-
ency [41] and obsessiveness [28,42], most studies have found remarkably little dif-
ference between the personality profiles of IBD patients and controls [5,43].

Another personality trait sometimes thought to bring a particular vulnerability to
psychosomatic phenomena is “alexithymia.” Alexithymics appear to be in the grip of
strong emotions but cannot recount, or recognize, their own sadness, anger, fear, or
tenderness, which therefore possibly leads to chronic activation of the sympathetic
nervous system and to the transformation of emotions into bodily signals [44].
Patients with CD, like individuals with other chronic medical conditions, score rela-
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tively high on scales of alexithymia [45]. But as with obsessiveness, alexithymic
traits may develop in reaction to the illness experience: one method of coping with
chronic disease may be to turn one’s attention away from potentially overwhelming
emotional reactions.

Conclusion: The personality of CD patients is similar to that of the general pop-
ulation, aside from some impact of disease experience.

Psychophysiology of Crohn’s Disease: Mechanisms and Mediators

Permeability

Current models of the pathophysiology of IBD assign a key role to enhanced intes-
tinal permeability [46], which facilitates access of luminal dietary and, especially,
bacterial antigens to immune effector cells in the bowel wall [47]. Increased perme-
ability has been reported to be a warning of imminent exacerbation in CD [48] and
to be a marker of genetic vulnerability in healthy relatives [49]. As discussed in the
section on animal models, effects on intestinal permeability constitute a major mech-
anism by which stress initiates or exacerbates colitis in laboratory animals [8,11].

The impact of psychological factors on jejunal permeability and function has been
studied in intubated human subjects. In one study, a psychological stressor (dichoto-
mous listening) significantly reduced mean jejunal net water absorption, changed mean
net sodium and chloride absorption to secretion, and slowed transit time [50]. This
effect on jejunal water secretion was later replicated using a physical stressor (hand in
ice water); pain also increased luminal release of mast cell mediators [51]. 

In a recent study using a similar methodology, researchers were able to demonstrate
that previous life experiences can affect intestinal reactions to an acute laboratory
stressor [52]. Healthy women were intubated and the functioning of a 20-cm jejunal
segment was monitored during intermittent ice-water immersion of one hand. Intestinal
secretion and permeability to albumin increased in the group as a whole, but particu-
larly in women who reported substantial stress in their lives. This differential response
occurred despite the absence of any difference between the low- and high-stress groups
in heart rate, blood pressure, adrenocorticotrophic hormone, or cortisol.

Using a different model, in-vitro incubation of colonic biopsy specimens from
healthy volunteers, mucosal permeability was shown to be increased by exposure to
the classic stress mediator, corticotropin releasing factor [53].

Classic Stress Pathways

The hypothalamic-pituitary-adrenal axis seems to be an important mediator of stress-
induced permeability increases in animal models [6,54,55], and its potential role in the
effects of psychological factors on clinical inflammatory bowel disease is supported by
the demonstration of corticotropin releasing factor in patients’ colonic tissues [55,56]. 
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One of the effects of corticotropin in the intestinal wall is to stimulate mast cells.
Mast cell activation mediates both stress stimulation of bacterial mucosal adherence
[57] and colitis [6] in animal models, and activation has been shown to occur in the
colonic and jejunal mucosa of humans subjected to laboratory stressors [15,51] or
exposed in vitro to corticotropin-releasing hormone [53].

Immune Reactivity

In stress facilitation of experimental animal colitis, the immune system plays a cru-
cial role. Stress-increased gut permeability allows an exaggerated immune response
to external immune stimuli [13], and the promotion of relapse by stress after chemi-
cally induced colitis is immune-dependent, requiring the participation of sensitized
CD4+ lymphocytes. Susceptibility to reactivation by stress could not be produced in
animals that had undergone resection of one key immune effector organ, the thymus,
and could be adoptively transferred [8].

Immune hyper-reactivity is a fundamental mechanism in the pathophysiology of
UC and CD [58], with inadequate suppression of the immune response to bacterial
toxins originating inside the gut and with elevation of local and circulating cytokines
during clinical activity [59]. For 30 years it has been known that psychological fac-
tors can lead to profound deregulation of the immune system, largely through the
mediation of autonomic nerves that innervate lymphoid tissue [3]. While the best-
known effects on immune function are suppressive, stress and stress mediators also
heighten the immune response in certain models, increasing the levels of proinflam-
matory cytokines in blood and body tissues and stimulating innate immunity
[60–64], and thus could intensify the anomalous immune reactivity involved in IBD.
Acute psychological stress in the laboratory has in fact been shown to induce inten-
sified systemic and mucosal pro-inflammatory responses in patients with IBD
[15,16,65]. Immune stimulation in response to stress could have the evolutionary
benefit of improving the organism’s defenses against bacterial infection, at the
expense of exacerbating inflammatory conditions such as IBD (which are less of a
danger, in the wild, than infection) [66].

Patients with chronic inflammatory diseases have anomalous patterns of lympho-
cyte activation in response to life stress [67]. For example, during exam period, inter-
leukin (IL)-5 was increased in asthmatic students but not in healthy controls [68],
and IL-6 levels following a mental calculation stress test were higher in UC patients
than in controls [69]. 

Bacterial Flora

The intestinal flora, abnormal and possibly etiopathogenic in CD [70,71], may be
affected by psychological factors. In young monkeys, the stress of separation from
the mother decreased the concentration of lactobacilli in the colon, creating an
opportunistic environment for pathogenic forms such as Shigella and Campylobacter
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species, with the development of diarrhea in some animals [72]. In vitro, cate-
cholamines can stimulate the growth of Escherichia coli, Yersinia enterocolitica, and
Pseudomonas aeruginosa, and can promote the production of Shiga-like toxins by E.
coli 0157:H7 [73,74]. Stress might therefore influence the composition of luminal
bacterial flora in the direction of heightened pathogenicity.

Bacterial adherence to the mucosa, furthermore, which is a prerequisite for the pen-
etration of antigens into the gut wall, is also increased by chronic stress in animals [57]. 

Autonomic and Psychological Effects on Symptoms

Stress, depression, and anxiety could have nonspecific effects on CD symptoms due
to autonomic discharge affecting intestinal motility [75], especially given the fre-
quency of irritable-bowel-syndrome-like phenomena in patients with IBD [76].
Anxious and depressed individuals also have a notoriously high level of attention and
concern for bodily phenomena [77] and may therefore report greater symptomatol-
ogy at a given level of objective pathology. 

Behavioral Mediators 

The inflammatory process in CD can potentially be affected by smoking and by the
consumption of medications such as nonsteroidal antiinflammatory drugs and 5-
aminosalicylate derivatives [78–80]. Patient behaviors could therefore mediate the
influence of psychosocial factors on CD, since distressed people are likely to smoke
more cigarettes, consume more analgesics, and neglect their regimen of prophylactic
medication. Many CD patients report that specific foods can precipitate their symp-
toms [81], possibly reflecting idiosyncratic factors in immune stimulation by various
food antigens. Such patients might eat less prudently during periods of stress. More
speculatively, the neglect of dental hygiene could modify the gut flora and thereby
affect patterns of cytokine secretion [82]. 

Conclusion: Psychological factors can affect the inflammatory process in CD by
inducing immune hyperreactivity, increasing intestinal permeability, and altering the
nature and mucosal handling of the gut flora, via mediators including mast cells, the
hypothalamic-pituitary-adrenal axis, and behavioral changes; they can also worsen
symptoms through effects on motility and subjective perception.

Impact of Crohn’s Disease on Psychological State and Quality of Life 

Psychological Distress

Physicians and surgeons who treat patients with CD are not always aware of how
much the disease disrupts their patients’ lives.
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Inflammatory bowel disease flares bring understandable psychological distress
[5,45,83,84]. In contrast to UC patients, who may be distressed during acute
episodes but otherwise enjoy remarkably good psychological health [85], CD
patients frequently continue to suffer from depression, anxiety, and even panic dis-
order when their disease is relatively quiescent [84,86,87]. This difference is relat-
ed to disease patterns [88]: in UC, symptomatic episodes are often interspersed
with periods of complete well-being, and the patient knows that at worst colecto-
my can provide a cure. CD is incurable, and it is more likely to give unrelenting
symptoms – leaving less space for contemplation and distancing – and to require
medications, such as corticosteroids, which can have central nervous system side
effects. 

The psychological impact of CD does seem to decrease with time, as patients
learn to live with their disease, and it may be buffered to some extent by social sup-
port [89].

Health-Related Quality of Life

The use of specif ically developed scales allows comparison of the quality of life of
people with various medical conditions. On the Sickness Impact Profile, CD mod-
erately impairs functioning, on a par with angina pectoris but less than rheumatoid
arthritis. The impact of UC is considerably less, comparable to that of moderate
obesity [90]. All realms are affected: sleep and rest, physical functioning, psy-
chosocial functioning, emotional behavior, and social interaction [90]. 

Other aspects of disease impact are better elicited by disease-specif ic question-
naires. Of particular interest for Crohn’s disease is the Rating Form for IBD Patient
Concerns, which evaluates 25 concerns commonly expressed by patients with IBD
regarding disease impact, intimacy, complications, and “stigmata” such as smelling
bad [91].

The top concerns of CD patients are fatigue, medication effects, and the uncer-
tain nature of the disease; also important are having an ostomy bag, undergoing
surgery, being a burden on others, reaching one’s full potential, pain, and – even in
countries with no economic barriers to health care  – f inancial problems [91]. 

In an international comparison, scores varied greatly among countries [92],
with patients from southern Europe tending to report greater overall concern than
those from northern Europe. The level of concern among Italian patients was sec-
ond only to that of Portuguese patients, and higher than among patients from the
USA, Canada, Israel, Sweden, Austria, or France.

Bringing a patient into prolonged remission is probably the most effective way
of improving health-related quality of life; conversely, the outcome of medical or
surgical means can be affected by patients’ psychological characteristics [24,93]. 

Conclusion: Crohn’s disease often causes psychological distress and disease-
related concern, and worsens many aspects of patients’ quality of life.
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Psychological Support and Psychotherapy

Approaches and Efficacy

Clinicians should recognize that their CD patients may be experiencing depression,
anxiety, or difficulty coping, and should be generous with sympathetic understand-
ing. Sometimes this is not enough, however, and as many as one in three CD patients
seek psychological counseling, largely because of the limitations in lifestyle and
social interactions imposed by the disease [94]. Physicians might consider suggest-
ing psychologically oriented support to patients who seem to be coping poorly or are
excessively dependent on others, depressed, under severe life stress, or lacking a
social network [95].

In referring CD patients for counseling, treating physicians should try to choose
therapists familiar with the medical aspects of the condition, in part to avoid the risk
of inappropriate psychologizing. Psychologists may overestimate the role of psycho-
logical factors, especially since the disease involves diarrhea and can be confused
with irritable bowel syndrome.

Most trials of psychologically oriented interventions in CD patients have reported
encouraging improvements in subjective distress [96–99], in patients’ sense of control
in coping with their disease [93,100], and in psychosocial functioning [101]. Another
study found cognitive-behavioral group therapy to improve depression and anxiety in
patients with mixed inflammatory bowel disease [102]. Benefits may be temporary, or
patients’ distress may resolve spontaneously. In one group of UC patients, an intensive
10-week stress management and self-care intervention improved anxiety, overall psy-
chological distress, and several aspects of health-related quality of life, but by 12
months the advantages over the control group had disappeared [103].

Not all interventions have been successful. In an ambitious multicentric German
study, psychodynamic psychotherapy and relaxation training were offered to unse-
lected patients with CD for 1 year. This approach was surprisingly ineffective at
improving depression, anxiety, or health-related quality of life, suggesting problems
with delivery, choice of intervention, indiscriminate patient selection, or therapist
expertise [104]. A study of supportive-expressive group psychotherapy, provided by
experienced therapists, similarly failed to help mixed IBD patients suffering from
depression or anxiety [105]. 

Sometimes what will best meet the needs of a distressed patient is not a psy-
chotherapist but a patient support group (such as the Crohn’s and Colitis Foundation
of America or the Associazione per le Malattie Inf iammatorie Croniche
dell’Intestino). Self-management and education programs have also proved popular
with patients and may decrease health care utilization, though they have not been
documented to affect depression, anxiety, or health-related quality of life [106,107];
summer camps for children with IBD have similarly shown promise [108].

Conclusion: Patient support groups or cognitive-behavioral therapy may be particu-
larly helpful for patients with problems coping with their CD; for patients whose disease
is the trigger for bringing out deeper conflicts, in-depth psychotherapy may be indicated.
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Practical Experience

The aims of psychotherapy for CD patients are psychological integration of a chron-
ic disease, with the limitations it puts on physical functioning and self-image; accept-
ance of long-term treatment including medications; balancing relations with emo-
tions; finding a personal path that may include the courage to attempt things previ-
ously avoided because of illness; letting go of resentment and dependency; and
redefining life goals. Patient age, disease duration, and symptom severity do not, in
our experience, hinder the therapeutic path, but mental rigidity, isolation, and lack of
basic trust can constitute important obstacles.

These challenges in the psychotherapy of patients with IBD have been conceptu-
alized by Robert Maunder as the “adaptive triad” [93]. In his words, “First, illness
brings uncertainty. This may be decreased by information gathering, but residual
uncertainty remains, in IBD, regarding prognosis and consequences. Second, illness
brings major change, especially in the form of loss. Irreducible uncertainty and loss
may lead to distress. The final adaptive challenge is the enduring suffering that
results from symptoms, uncertainty, distress, and loss. Psychotherapy may be valu-
able at each of these stages, but the form of psychotherapy varies with the specific
adaptive challenge at hand — from information gathering, through facilitated mourn-
ing, to more intensive psychodynamic or existential interventions” [109].

Our gastroenterology unit considers a psychologist’s services an integral part of
the treatment of CD. All newly diagnosed patients are seen during their first hospi-
talization, and continuing outpatient sessions are offered to those who desire them
after discharge. This approach is particularly valuable with young patients, who char-
acteristically distance themselves psychologically from their diagnosis and from the
need for testing and treatment; they tend to delegate communication with the physi-
cians to their families, and therapeutic decisions passively to the medical staff.
Patients will often express to the psychologist their fantasy that, “If I don’t think
about the disease, it doesn’t exist.” Allowing these thoughts to be expressed and elab-
orated helps the patient to handle doubts and fears more successfully and facilitates
a therapeutic alliance with the treating physicians, ensuring the patient will not be
lost to follow-up or put up passive resistance to treatment.

Patients generally also welcome the chance to talk with a psychologist during
exacerbations, especially during the first years of their disease. They say they find
the sessions to be a space where they can express feelings of mistrust and anger, fears
that “nothing will ever change,” and ambivalent hope that surgery will provide them
with a definitive solution. This paves the way for their taking charge, of being capa-
ble of encountering their physicians – who they otherwise tend to see either as sav-
iors or as persecutors – as aware, responsible adults.

Patients about to face intestinal resection and temporary or permanent ostomies
are also offered the opportunity to talk with a psychologist, in collaboration with the
hospital’s surgery unit.  These sessions often occur in more or less emergency cir-
cumstances, when their content is strongly conditioned by a context of particularly
aggressive disease with heavy repercussions on the patient’s quality of life. In this
setting, surgery is inevitably viewed as liberation. In emergencies, there may not be
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enough time for the issues to be fully grasped before the surgery takes place, with
fears related to self-image and self-esteem being expressed preoperatively but fully
addressed only later.

For the new ostomy patient, anguish arises on the one hand from demolition of a
part of their body, even if only an invisible intestinal segment, and on the other hand
from viewing the ostomy bag as a shameful external extension of something that
belongs inside. The body surface that divides the outer world from the inner world is
literally imperiled – a metaphor, one might add, for all sorts of other psychological
fragilities.

Often during a postoperative session the patient will lift his or her clothes to show
the psychologist the ostomy and the bag, all the while intently observing the psychol-
ogist, who understands the patient’s need for assurance that this object of shame can
be seen, and can be accepted, in another’s gaze.

Conclusion: Professional psychological support should be offered to all CD
patients who have been newly diagnosed, who have high levels of psychological dis-
tress, or who are facing an ostomy. 

Potential to Influence Disease Course

Psychological support in CD aims to alleviate distress and increase the patient’s abil-
ity to cope. But some workers in the field have articulated a more ambitious goal: to
improve the course of the disease. A capacity of psychosocial manipulations to influ-
ence the disease is not entirely implausible, since psychological interventions have
striking benefits in patients with irritable bowel syndrome [110,111] and may even
be able to improve the prognosis of breast cancer [112].

A laboratory study of hypnosis provides suggestive evidence: when systemic and
rectal mucosal parameters were examined in 17 UC patients before and after a single
50-min session of trance with anti-inflammatory suggestion imagery, hypnosis
reduced the median serum IL-6 concentration by 53%, and decreased several compo-
nents of the mucosal inflammatory process (release of SP, histamine, and IL-13) as
well as mucosal blood flow [113].

The published literature on psychologically oriented interventions in CD gives
modest support to an effect on disease course [95]. In the multicentric German trial,
psychotherapy patients had fewer hospital days and sick leave during the following
year [114] but the chief measures of somatic course were unaffected [115]. Another
study suggested that stress management can improve fatigue and abdominal pain at
6- and 12-month follow-ups [116]. Milne and colleagues compared a combined
approach of patient education, stress management, and relaxation training with treat-
ment as usual and found a hint of improvement in the CDAI [96]. “Hard” measures
of outcome have not proven substantially different in CD patients than in controls in
any trials of CD [99,115] or UC [103].

Shortcomings in these studies leave the question open. Some interventions have
been relatively unsuccessful even in improving the patients’ psychological state
[104], making it improbable that they could influence disease activity for the better.
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Other studies have included among their subjects patients with low psychological
distress levels and/or long-quiescent disease, for whom psychologically oriented
interventions are unlikely to give a detectable benefit and could even, in fact, be con-
sidered a waste of time. The psychoanalytic therapies used in the German study
might be less appropriate for unselected medical patients than approaches more ori-
ented to coping in the here and now.

Conclusion: While psychological therapies have not been shown reliably to
improve the course of CD, carefully chosen interventions focused on vulnerable
patient subgroups with high levels of stress or psychiatric symptomatology might be
more successful. 

Conclusions

Crohn’s disease often has a serious and sometimes devastating effect on patients’ per-
sonal, work, and social lives and their ability to function. The consequent anxiety and
depression can, in turn, affect a CD patient’s drive and ability to care for him/herself.
There is also evidence, supported by animal models, for a contribution of psycholog-
ical factors, especially depressive symptoms, to disease course. All CD patients
should be offered access to professional psychological support, ideally beginning at
the time of first diagnosis, primarily to relieve distress but also with the hope of
breaking a potentially vicious cycle of exacerbation/distress/exacerbation. 

Recognition of the psychological factors in CD can have a number of positive
spinoffs, such as encouraging medical personnel to listen sympathetically to their
patients and convincing distressed patients of the potential value of non-pharmaco-
logical therapeutic approaches. But there is also a danger of negative repercussions.
In particular, overemphasis on psychological factors can lead to attribution of all dis-
ease swings to “stress” and stigmatization of the patient as “psychosomatic.” One
physician-patient said, “When I dared expose myself to close friends and relate dis-
tress over worsening symptoms, I felt vulnerable to statements like, ‘Well, it does
sound like your job has been stressful lately’ ” [117]. The way to ensure an appropri-
ate balance between two excessive poles, biomedical reductionism and blaming the
victim, is to embrace what has been called the biopsychosocial model and accept,
rather than flee from, the complexity of multidirectional interactions among symp-
toms, pathophysiology, and psychological, social, immunological, behavioral, and
genetic factors [118].
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