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   Foreword   

 Crohn’s disease is a chronic pathology that is very diffi cult to understand and 
to diagnose especially in the early stages, resulting in a signifi cant deteriora-
tion in the patients’ quality of life. 

 In the past, this disease had a higher incidence in the northern Europe 
countries. Recently we have seen an increase of cases in the Mediterranean 
area, probably due to environmental factors and changes in lifestyle, becom-
ing increasingly challenging not only for radiologists but also for clinicians. 

 This book deals thoroughly with Crohn’s disease, analyzing the different 
clinical, diagnostic, and therapeutic aspects. The purpose is to provide a 
global view of the pathology, necessary to understand the disease in its 
entirety and in its complexity. In fact these patients cannot be approached in 
“watertight compartments,” but the partnership between the clinician, the 
radiologist, and the surgeon is more necessary than ever, in order to achieve 
the most appropriate treatment for each case. 

 Because of the different presentations, often treacherous and misleading, 
and the complexity of the several extraintestinal manifestations, only an inte-
grated clinical-radiological approach can lead to proper patient management. 

 In this scenario, radiological imaging plays an important role, providing 
various diagnostic options based on the most modern technology. Every diag-
nostic modality can be exploited differently depending on the various stages 
of the disease. 

 The authors involved in this project can boast an internationally recog-
nized expertise, arising from years of research focused on to the study of 
Crohn’s disease. The result of their contribution brings to a complete and 
integrated text, containing the latest knowledge in this fi eld, providing an 
extremely useful tool for anyone who decides to tackle this disease. 

 Dott. Gian Andrea Rollandi 
 Direttore S.C. Radiodiagnostica 

 Coordinatore Scientifi co 
 E.O. Ospedali Galliera 

 Via Volta 8, 16132 Genova, Italy  
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      Epidemiological Aspects 
of Crohn’s Disease                     

     Francesco     Vitale     

1.1            Epidemiology 

 Crohn’s disease (CD) is considered a result of 
multifactorial interplay between genetic, 
immune-related, environmental, and infectious 
triggers all contributing into evolution of clinical 
disease [ 1 ,  2 ]. 

 The age of onset of Crohn’s disease has a 
bimodal distribution. The fi rst peak occurs 
between the ages of 15 and 30 years (late adoles-
cence and early adulthood), and the second 
occurs mainly in women between the ages of 60 
and 70 years [ 3 ]. 

 In general, the frequency of CD is similar in 
males and females, with some studies showing a 
very slight female predominance. 

 The rate of Crohn’s disease is 1.1–1.8 times 
higher in women than in men. This pattern is 
reversed with pediatric CD, which has a higher 
incidence in boys than in girls (pediatric male-to- 
female ratio, ~1.6:1) [ 3 ,  4 ]. 

 Crohn’s disease is reported to be more 
 common in white patients than in black patients 
and rare in Asian and Hispanic children. 
Approximately 20 % of all CD patients are of 
black descent. Rates are higher in people of 

Jewish descent, particularly in Ashkenazi Jews 
and Jews of middle European origin as compared 
with Sephardic or eastern European Jews [ 4 ]. 

 Although there are few epidemiologic data 
from developing countries, the incidence and 
prevalence of CD are increasing with time and in 
different regions around the world, indicating its 
emergence as a global disease [ 3 ]. 

 The incidence of Crohn’s disease (CD) differs 
depending on the region studied. Epidemiologic 
studies conducted during the last decade has 
mostly supported the idea of a disease of the 
developed world, with a typical north to south 
gradient observed in Europe [ 4 ]. 

 Overall, the United Kingdom, North America, 
and the northern part of Europe are the areas with 
the highest incidence [ 5 ]. 

 In North America, the most notable example of 
long-term surveillance for CD incidence evolution 
is the Olmsted County, Minnesota, database, 
encompassing registries from the 1930s onward 
[ 6 ]. A gradual increase has been continuously 
observed, with the median annual incidence for the 
1990–2001 period reaching 7 cases per 100,000 
population, compared to 6.6 per 100,000 for the 
1965–1975 period. An inversion of the usual female 
predominance has been observed in recent years, 
with more male than female patients diagnosed. 
The typical patients are young and of urban origin. 

 Studies on pediatric CD in the USA offer less 
information, describing an annual incidence of 
4.5 per 100.000, while the incidence in children 
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of Afro-American origin in Georgia was much 
higher (7.1/10 5 /year) [ 7 ]. 

 In Canada, the district of Manitoba consis-
tently reports one of the highest incidences of CD 
worldwide, reaching 14.6/10 5  for the 1987–1994 
period: the disease predominates in young 
females and exhibits a signifi cant variability 
between smaller geographical regions, and the 
incidence is characteristically lower in Indian 
aboriginals, raising the question about a possible 
different genetic profi le. Nevertheless, even in 
this population, a recent increase has been noted, 
especially in the 30–40 age group [ 8 ,  9 ]. 

 On the other hand, reports from the 1980s from 
Quebec and Ontario exhibited signifi cantly low 
rates: incidence of 0.7/10 5  and prevalence of 33/105 
(refl ecting a low incidence), respectively [ 9 ]. 

 In Central America, the incidence of the dis-
ease was recently investigated for the 1996–2000 
period, and an increase from 0.49 to 1.96/10 5  was 
observed in Puerto Rico where CD predominates 
in young males [ 10 ]. 

 The disease seems to be scarce in Latin America: 
a study from a region of Panama and a region of 
Argentina showed a practically non- existent dis-
ease in the 1987–1993 period, [ 11 ] while the cumu-
lative cases reported from Chile in the 1990–2002 
period account to a very low incidence also [ 12 ]. 

 A Brazilian study from the region of Janeiro 
also showed low incidence in the 1980–1999 
period, although the total new CD cases reported 
in the 1995–1999 timeframe exhibited an increase 
of 166 % compared to the 1980–1984 cases [ 13 ]. 

 In Europe, epidemiological dynamics of CD 
can be drawn by the development and continuing 
evolution of the European Crohn’s and Colitis 
Organization (ECCO) and the European 
Collaborative study of IBD (EC-IBD) [ 14 ]. 

 Overall, incidence data describes a North- 
South Europe gradient of CD incidence (7 versus 
3.9/10 5 ). 

 The EC-IBD study showed an high annual 
incidence rate in adult population in Iceland 
(8/10 5 ), in Norway (5.8/10 5 ), in Sweden (8.9/10 5 ), 
and in Denmark (8.6/10 5 ), whereas reports on the 
incidence of pediatric CD are contradicting 
showing a huge increase in CD in children in 
Stockholm (1.7 to 8.4/10 5  from 1990 to 2001) 
[ 15 ] and a relatively stable annual incidence rates 

of 2.5/10 5  and 2/10 5  in two studies focusing on 
pediatric IBD in Norway [ 16 ]. 

 In the Baltic former Soviet republics, the only 
study from this area, Estonia, showed a low inci-
dence (1.4/10 5 ) compared to Scandinavia [ 17 ]. 

 The United Kingdom represents, in Europe, 
the typical model of North-South gradient, with a 
potentially higher incidence in Scotland com-
pared to England and Wales. The city of 
Aberdeen, located in Northern Scotland, demon-
strated one of the highest incidences worldwide 
(11.7/10 5 /year) in 1985–1987, with a young 
urban female predominance. Increasing trends 
have also been observed in numerous reports on 
pediatric CD, with the incidence doubling in the 
1990s, reaching a median annual rate of 4.4/10 5  
in the region of Aberdeen [ 18 ]. 

 Other English studies have focused on the racial 
trends of CD incidence, showing lower prevalence 
in Southeast Asian residents compared to Europeans 
or West Indians compared to Caucasians [ 19 ]. 

 The incidence rates for Ireland reported in the 
EC-IBD study are roughly similar to the British 
ones (6/10 5 /year). 

 Also in Northern France, the EC-IBD study 
showed high incidence rate of CD (9/10 5 /year) [ 14 ]. 

 A gradual increase was observed during the 
1990s in North France, with the median annual inci-
dence per 100,000 rising from 5.2 to 6.4 from 1988–
1990 to 1997–1999, with a female predominance. 

 A study from the mid-southern French area 
showed rates comparable to those of Northern 
France. In the Netherlands, a study from 
Maastricht had shown annual incidence rates of 
6.9/10 5 , and in Belgium, a minimal but stable 
increase was observed through time, with annual 
rates of 4.5 new cases per 10 5  [ 20 ]. 

 In Germany, a study showed a moderate 
increase in 1991–1995 compared to 1980–1984 
(5.2 versus 4.9/10 5 / year), although the median 
age of the patients increased by almost a decade; 
the overall German rates reported in the EC-IBD 
study were slightly lower though [ 14 ]. 

 The incidence rates in Southern Europe 
were invariably low in the EC-IBD study: A 
North- South gradient was observed in Portugal, 
where previous studies from Oporto in the north 
 confi rmed a steady incidence rise during the 
1975–1990 period. 

F. Vitale
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 Numerous studies from Spain have failed to 
reproduce this gradient though: A prospective 
1991–1993 study from four regions showed an 
overall annual incidence of 5.5/10 5 , which was 
actually higher in the southern region (6.5/10 5 /
year) and the island of Mallorca compared to the 
northern participating regions [ 21 ]. 

 Italy exhibits a typical southern European pro-
fi le in having low CD rates, but, like Spain, there 
exists no North-South gradient in the country as 
such, with a study for eight cities from 1989 to 
1992 showing homogenous incidence rates. 
However, a recent Italian administrative database 
study on IBD, covering a wide area in central 
Italy, demonstrated incidence rates during the 
years 2008–2009 of 7.4 and 6.5 for Crohn’s dis-
ease for males and females, respectively [ 22 ]. 
The lowest European incidence was reported ini-
tially from Northwest Greece, although an 
increasing trend observed recently and a signifi -
cantly higher incidence reported from the south-
ern island of Crete [ 23 ] (data for both areas until 
mid-1990s, rates 0.1 and 3/105, respectively). 

 Traditionally, the incidence has been low in 
Asia and Africa. However, studies from these areas 
suggest that the incidence of CD is increasing. 

 The prevalence of CD in Europe varies from 
less than 10 to about 150 per 100,000 inhabitants. 

 An adjusted prevalence of 133 per 100,000 
was found in Minnesota, United States, in 1991. 
One study from South Korea indicated preva-
lence of 11.2 per 100,000 [ 24 ]. 

 Population-based studies have demonstrated 
that the incidence and prevalence of CD have 
increased over the last three decades. CD is most 
common in northern Europe and North America, 
and there is a slight predominance of women 
diagnosed with the disease.  

1.2     Risk Factors 

 Genetic, microbial, immunologic, environmen-
tal, dietary, vascular, and psychosocial factors, as 
well as smoking, the use of oral contraceptives 
and nonsteroidal anti-infl ammatory agents 
(NSAIDs) have been associated with increasing 
risk to develop Crohn’s disease. However, inter-
action between the predisposing genetic factors, 

environmental factors, host factors, and trigger-
ing event is likely necessary for the disease to 
develop. Most of the genes thought to be involved 
in the development of the disease play a role in 
mucosal immunity, and their products are found 
on the mucosal barrier epithelium [ 25 ]. 

 The fi rst gene clearly identifi ed as a suscepti-
bility gene for Crohn’s disease was the NOD2 
gene (now called CARD15), in which were iden-
tifi ed 3 single nucleotide polymorphisms (SNPs), 
2 missense, and 1 frameshift. These variations in 
NOD2/CARD15, which is a polymorphic gene 
involved in the innate immune system, play a role 
in 27 % of patients with Crohn’s disease, with 
CARD15 genotype being associated not only 
with the onset of disease but also with its natural 
history. A study in a German and Norwegian 
cohort showed that patients with 1 of the 3 identi-
fi ed risk alleles for CARD15 were more likely to 
have either ileal or right-colon disease [ 26 ]. 

 An early genome-wide association study 
(GWAS) looked at Jewish and non-Jewish case-
control cohorts and identifi ed 2 SNPs in the 
IL23R gene, which encodes 1 subunit of the 
IL-23 receptor protein. Interestingly, this study 
also described the promising nature of certain 
therapies that block the function of IL-23. Further 
research suggested that one particular polymor-
phism in the IL23R gene showed the strongest 
association in a German population [ 27 ]. 

 In a meta-analysis of 3 GWASs, 526 SNPs 
from 74 distinct genomic loci were found includ-
ing the genes CCR6, IL12B, STAT3, JAK2, 
LRRK2, CDKAL1, and PTPN22 [ 28 ]. Most of 
these genes are involved in signal transduction in 
 certain immune function, as well as genes 
involved more directly with immune function. 
Other GWASs found associations between sus-
ceptibility to Crohn’s disease and polymor-
phisms, and one large study involving nearly 
20,000 SNPs in 735 individuals with Crohn’s dis-
ease found an association in the ATG16L1gene, 
which encodes the autophagy-related 16-like 
protein involved in the autophagosome pathway 
that processes intracellular bacteria [ 29 ]. A large 
genomic study of multiple diseases confi rmed 
many of the fi ndings found in earlier studies and 
identifi ed several additional loci of interest for 
Crohn’s disease located within the BSN gene, 

1 Epidemiological Aspects of Crohn’s Disease
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which encodes a brain-specifi c scaffold protein 
involved in neurotransmitter release and in the 
NKX2-3 gene, which is a homeodomain-contain-
ing transcription factor [ 30 ]. 

 Infectious agents such as  Mycobacterium 
paratuberculosis ,  Pseudomonas  species, and 
 Listeria  species have all been implicated in the 
pathogenesis of Crohn’s disease, suggesting that 
the infl ammation seen with the disease is the 
result of a dysfunctional, but appropriate, 
response to an infectious source [ 25 ]. 

 Also interleukins and TNF-α have been sug-
gested to play a role in the disease process, which 
is characterized by a Th1 cellular immune 
response pattern that leads to production of 
IL-12, TNF-α, and interferon gamma with 
increased concentrations of TNF-α in the stool, 
blood, and mucosa [ 31 ]. 

 Environmental infl uences such as tobacco use 
seem to have an effect on Crohn’s disease. 
Smoking has been shown to double the risk of 
Crohn’s disease [ 32 ]. 

 It has also been suggested that a diet high in 
fatty foods may increase the risk of Crohn’s 
 disease, whereas concerns about the measles vac-
cine and the development of the disease have 
proved to be unfounded [ 33 ,  34 ]. Finally, the rela-
tionship between appendectomy and the risk of 
developing CD has been debated, and in 2009, a 
systematic review found a relative risk (RR) of 
6.69 (95 % CI: 5.42–8.25), for having CD diag-
nosed following an appendectomy, signifi cantly 
elevated within the fi rst year after the surgery [ 35 ].     
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      Clinical Presentation of Crohn’s 
Disease                     

     Marta     Mazza    ,     Maria     Giovanna     Cilluffo    , 
and     Maria     Cappello    

        Crohn’s disease is an idiopathic chronic 
 infl ammatory disease of the gut, which may 
involve the entire gastrointestinal tract from the 
mouth to the perianal area, though preferring in 
most cases the distal small bowel and the proxi-
mal large bowel. Its heterogeneous nature is 
refl ected in a number of different phenotypes [ 1 ]. 
Approximately 80 % of patients have small 
bowel involvement, usually in the distal ileum, 
with one-third of patients having exclusively ile-
itis. Approximately 50 % of patients have ileoco-
litis which refers to involvement of both the 
ileum and colon. From 20 to 25 % of patients 
have disease confi ned to the colon. Involvement 
of the esophagus, stomach, or duodenum is rare 
and almost always seen in association with dis-
ease of the more distal small bowel or large 
bowel. Approximately one-third of patients have 
perianal disease [ 2 ]. 

 Accurate classifi cation of the disease is of 
fundamental importance to predict the prognosis 
and to plan the most appropriate therapy. In 1998, 
the Vienna classifi cation stratifi ed patients with 
Crohn’s disease according to age at diagnosis (A), 
disease location (L), and disease behavior (B) [ 3 ]. 
This classifi cation was later revised at the 2005 
Montreal World Congress of Gastroenterology 

[ 4 ]. The Montreal revision of the Vienna classi-
fi cation has not changed the three predominant 
parameters of age at diagnosis, location, and 
behavior, but modifi cations within each of these 
categories have been made (Table  2.1 ).

   These classifi cations identify 24 potential sub-
groups. We must also take account of the fact that 
the disease phenotype may change during its 
course [ 5 ]. 

 Symptoms at presentation vary depending 
on the location, behavior, and severity of dis-
ease, as well as extraintestinal manifestations 
and medication. Also often the symptoms can 
be subtle and require differential diagnosis with 
other pathologies. For these reasons a long dura-
tion of symptoms before a defi nite diagnosis 
of  infl ammatory bowel disease is thought to be 
common [ 6 ]. In the past, a mean delay in diag-
nosis of 3.3 years from the onset of symptoms 
was reported [ 7 ], but more recent series have 
reported diagnostic delays of 1 year or less [ 8 ]. 
This change is to be attributed to improved diag-
nostic techniques and to a greater knowledge 
of the disease in the last decade. The pattern of 
penetrating disease was most associated with the 
risk of late diagnosis [ 9 ]. 

 Symptoms of Crohn’s disease usually begin 
in the teens and twenties; however, one-sixth 
of patients present before the age of 15. More 
than 90 % of patients have symptoms before 
the age of 40 and less than 5 % are diagnosed 
after the age of 60 years. Misdiagnosis at the 
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initial  presentation is more common in elderly 
IBD patients (60 % compared with 15 % of the 
younger population), because in this age group 
the symptoms are more subtle and must per-
form differential diagnosis with most clinical 
conditions (e.g., ischemic colitis, diverticulitis, 
NSAID enterocolitis) [ 10 ]. Some reports have 
documented a less severe course of disease in the 
elderly [ 11 ,  12 ]. In a recent study, at the end of 
follow-up, only 30 % of the elderly patients had 
complications (stricturing or penetrating) com-
pared with more than 50 % of the children [ 13 ]. 
With respect to the location, colon disease is the 
most common form in elderly CD patients, and 
infl ammatory disease was the most frequent phe-
notype. A change in the behavior of CD is rare in 
the elderly patients [ 14 ]. 

 Signs and symptoms of Crohn’s disease can 
range from mild to severe. They usually develop 
gradually but sometimes will come on suddenly, 
without warning. You may also have periods of 
time when you have no signs or symptoms 
(remission). A study on the natural history and 
activity of the disease performed in Copenhagen 
County described a different behavior of the dis-
ease in several years after diagnosis: in the fi rst 
year after diagnosis, 80 % of patients had high 
disease activity, 15 % had low activity, and 5 % 
were in remission. After the fi rst year, 30 % had 
high activity, 15 % had low activity, and 55 % 
were in remission during any given year [ 15 ]. A 
subsequent study from Copenhagen County 
reported that the cumulative probability of opera-
tion 15 years after the diagnosis of Crohn’s dis-
ease was 70 % [ 16 ]. 

 The most typical symptoms include abdomi-
nal pain and diarrhea. Crampy or steady right 
lower quadrant or periumbilical pain may 
develop; the pain precedes and may be partially 
relieved by defecation. Diarrhea is usually not 
grossly bloody and is often intermittent. If the 
colon is involved, patients may report diffuse 
abdominal pain accompanied by mucus, blood, 
and pus in the stool. Systemic symptoms may 
also be present such as malaise, anorexia and 
weight loss, fever, anemia, malnutrition, and con-
sequently delayed growth (in prepubescent 
patients). Crohn’s disease may cause also intesti-

nal complications such as obstruction due to 
strictures, fi stulas (often perianal), or abscesses 
[ 17 – 19 ]. 

 Each subtype has a distinct clinical presenta-
tion and typical course; thus, the clinical picture 
of Crohn’s disease depends on the areas of the 
bowel that are involved. 

 Patients with infl ammation of the  jejunum and 
ileum  often present with cramping abdominal 
pain 1–2 h after meals and eventually develop 
diarrhea. Patients lose weight because they eat 
less to avoid discomfort. 

 Disease of the  ileum , often accompanied by 
involvement of the cecum, may present insidi-
ously. Some patients may present initially with a 
small bowel obstruction. Many years of subclini-
cal infl ammation may progress to fi brotic steno-
sis, with the subsequent onset of sub-occlusive 
symptoms characterized by intermittent colicky 
pain accompanied by nausea and vomiting. 
Physical examination may reveal fullness or a 
tender mass in the right lower quadrant. For many 
patients with ileal Crohn’s disease, the predomi-
nant complaint is right lower quadrant pain, often 
exacerbated by eating. Other localizations of pain 
may be reported in rough proximity to the local-
ization of disease. History provides useful clues 
to differentiate organic from functional causes of 
altered bowel habit and abdominal pain. Patients 
with an active infl ammatory disease more often 
present with anorexia, diarrhea, and weight loss. 
Examination may reveal fever or evidence of 
malnutrition. Occasionally, a patient may present 
with a more acute onset of right lower quadrant 
pain, mimicking appendicitis. Most patients with 
small bowel Crohn’s disease have an increase in 
the number of bowel movements, although rarely 
more than 5 per day, with soft and unformed 
stools. About 80 % of patients with ileal disease 
have diarrhea. 

  Colonic  disease may involve primarily the 
right colon or may extend distally to involve most 
or all of the colon, although most patients with 
Crohn’s colitis have relative or complete sparing 
of the rectum; for this reason tenesmus is a less 
frequent complaint than in patients with ulcer-
ative colitis. The typical presenting symptom is 
diarrhea, occasionally with passage of obvious 
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blood. Alternating diarrhea and constipation 
more strongly suggests irritable bowel syndrome 
than IBD, whereas nocturnal diarrhea is rarely 
noted in functional disorders of the bowel. The 
severity of the diarrhea tends to correlate with 
both the extent of colitis and the severity of 
infl ammation, and the presentation may range 
from minimally altered bowel habits to fulminant 
colitis. Abdominal pain may be present to a 
greater extent than is seen in ulcerative colitis. 
The most common systemic manifestations are 
weight loss and malaise. 

  Perianal disease  is another hallmark presen-
tation. In some series it is described that perianal 
disease may precede the intestinal manifesta-
tions of Crohn’s disease with a mean lead time of 
4 years in 24 % of patients [ 20 ]. More often, the 
onset of perianal disease occurs concomitantly 
with or after the onset of the symptoms of lumi-
nal disease. Perianal disease can occur in various 
forms: skin lesions, anal canal lesions, and peri-
anal fi stulas [ 21 ]. Skin lesions include macera-
tion, superfi cial ulcers, and abscesses. Anal 
canal lesions include fi ssures, ulcers, and steno-
sis. Perianal fi stulas are common, estimated to 
occur among 15–35 % of patients. The patients 
may have debilitating perirectal pain and mal-
odorous discharge from the fi stula. Perianal 
 fi stulas are divided into simple and complex, 
depending on their location in the anal canal, and 
often represent the manifestation of a deep 
abscess. In some cases, perianal fi stulization 
may be extensive, forming a network of passages 
and extending to multiple openings that may 
include not only the perianal region but also the 
labia or scrotum, buttocks, or thighs. Patients 
with rectovaginal fi stula present with persistent 
vaginal discharge and may also complain of dys-
pareunia or perineal pain. 

 The involvement of the  upper gastrointestinal  
tract in Crohn’s disease is uncommon in the 
absence of disease beyond the ligament of Treitz. 
It is described in the literature that about one- 
third of patients with proximal Crohn’s disease 
do not have evidence of distal disease at the time 
of diagnosis, but virtually all develop distal dis-
ease in time [ 22 ]. Patients with proximal disease 
tend to be younger at the time of diagnosis; both 

are predictors of a more aggressive disease course 
[ 23 ,  24 ]. The most common symptoms of this 
type of localization of the disease are abdominal 
pain and malaise; often gastroduodenal involve-
ment presents as  Helicobacter pylori -negative 
peptic ulcer disease, with dyspepsia or epigastric 
pain as the primary symptoms. Early satiety, nau-
sea, vomiting, and weight loss may predominate 
when there is the formation of stenosis. 

 The involvement of the  esophagus  is rare, 
occurring in less than 2 % of patients. The pre-
senting symptoms may include dysphagia, odyn-
ophagia, substernal chest pain, and heartburn. 
These symptoms may be progressive and lead to 
profound weight loss [ 25 ]. 

 Aphthous ulcers may sometimes be found in 
the  mouth and posterior pharynx . Esophageal 
stricture and even esophagobronchial fi stula may 
complicate the course [ 26 ]. 

  Complications  from ulcerations and strictures 
can result in abdominal or perianal fi stulous 
tracts and abscesses, gastrointestinal (GI) bleed-
ing, or intestinal obstruction. 

  Fistulas  from one segment of the gastrointes-
tinal tract to another also occur frequently. 
Enteroenteric, enterocolonic, and colocolonic fi s-
tulas are often asymptomatic. In patients with 
coloduodenal or cologastric fi stula, fecaloid 
vomiting may occur, but this is a rare clinical 
manifestation. Enterovesical or colovesical fi stu-
las may present as recurrent polymicrobial uri-
nary tract infection or as frank pneumaturia and 
fecaluria. Enterocutaneous fi stulas to the anterior 
abdomen often occur after surgery. 

 Development of fi stulas into the mesentery or 
luminal microperforation may result in intra- 
abdominal or retroperitoneal  abscess  formation. 
It has been estimated that as many as one-fourth 
of all patients with Crohn’s disease will present 
with an intra-abdominal abscess at some time in 
their lives [ 27 ]. The classic presentation of an 
intra-abdominal abscess is fevers and focal 
abdominal pain or localized peritoneal signs. 

  Obstruction  is a common complication of 
Crohn’s disease and one of the major indications 
for surgical intervention. Strictures represent 
long-standing infl ammation and may occur in 
any segment of the gastrointestinal tract in which 
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infl ammation has been active but are more fre-
quent in the small intestine. Initially, the obstruc-
tion is secondary to infl ammatory edema and 
spasm of the bowel and manifests as postprandial 
bloating, cramping pains (lower right quadrant), 
and borborygmi. Once the bowel lumen becomes 
chronically narrowed from fi brosis, patients may 
complain of constipation and obstipation. These 
symptoms generally do not improve with anti- 
infl ammatory agents. The stenosis may be asymp-
tomatic until the residual bowel caliber is enough 
to cause the typical sub-occlusive symptoms 
characterized by postprandial abdominal pain, 
nausea, and vomiting. Complete obstruction may 
sometimes be caused by impaction of undigested 
foods. The clinician may fi nd it extremely diffi cult 
to differentiate a fi brostenotic from an infl amma-
tory stricture because the symptoms are the same. 

  Microperforation  typically occurs into other 
segments of the bowel, leading to fi stulas, or into 
areas such as the retroperitoneum, resulting in 
abscess formation. 

  Frank perforation  is more uncommon, but it is 
one of the most serious complications of Crohn’s 
disease if it occurs. The presenting features of 
frank perforation are those of classic peritonitis, 
although these features can sometimes be masked 
by high-dose corticosteroid or immunosuppres-
sant therapy. 

  Colonic malignancy  is a clinically signifi cant 
complication of Crohn’s disease with colonic 
involvement, like ulcerative colitis; the risk of 
colonic neoplasia in patients with Crohn’s dis-
ease is a recognized complication of the disease. 
A meta-analysis revealed that the cumulative risk 
of colon cancer in Crohn’s disease approaches 
3 % at 10 years and 8 % at 30 years [ 28 ]. The risk 
of colon cancer appears to be related to the sever-
ity and the duration of the disease, the age at dis-
ease onset, stricture formation, and the presence 
of primary sclerosing cholangitis. It is widely 
known that individuals diagnosed at a younger 
age have a long disease duration (>8 years) and 
that those with concomitant primary sclerosing 
cholangitis are at an increased risk for colorectal 
cancer [ 29 ]. Chronic infl ammation is the conjec-
tured etiology for the development of dysplasia 
followed by cancer. Most cases of colorectal can-
cer develop from early histologic lesions referred 

to as low-grade dysplasia (LGD) or dysplasia- 
associated lesion or mass (DALM). Sporadic 
adenomas can also progress to colon cancer. 
These are premalignant or precancerous lesions 
that progress to cancer via a pathway of infl am-
mation and genetic mutations. In those patients 
with Crohn’s disease for 8–10 years,  colonoscopic 
surveillance should be undertaken at 2–3 year 
intervals and at 1–2 year intervals for patients 
with a disease history of over 20 years. Increased 
risks of small bowel cancer have been also 
reported [ 30 ], and an excess risk of lymphopro-
liferative disorders in IBD associated with immu-
nosuppressive treatment has been demonstrated 
[ 31 ]. 

  Extraintestinal manifestations  of CD include 
musculoskeletal engaging peripheral or axial 
joints (arthritis, sacroiliitis), dermatologic (pyo-
derma gangrenosum, erythema nodosum), ocular 
(iritis, episcleritis), hepatobiliary, vascular, and 
renal complications [ 32 ]. About 25–46 % of the 
patients with CD will experience extraintestinal 
manifestations [ 33 ]. 

 The most common EIMs are arthritis and 
arthralgia. Colitic arthritis is usually a migratory 
arthritis that affects the large joints knees, ankles, 
hips, wrists, and elbows that may accompany 
Crohn’s disease (although it is uncommon when 
Crohn’s is confi ned to the small intestine). Often, 
joint pain, swelling, and stiffness parallel the 
course of the bowel disease. Successful treatment 
of the bowel disease results in improvement in 
the arthritic symptoms [ 34 ]. 

 Pericholangitis, usually associated with pri-
mary sclerosing cholangitis (PSC), is the most 
reported hepatic complication of infl ammatory 
bowel disease. Primary sclerosing cholangitis has 
prevalence of 1.4–3.5 % in CD, potentially caus-
ing liver failure or cholangiocarcinoma [ 35 ]. 
Recent literature has reported however that the 
most common hepatic complications in Crohn’s 
are steatosis and drug-induced cholestasis [ 36 ]. 

 Kidney stones (calcium oxalate stones) and 
renal failure are seen in patients with small intes-
tine Crohn’s disease. Infl ammation from the 
bowel can result in urinary tract complications. 
Occlusion of the ureters, leading to obstruction 
and hydronephrosis, usually involves the right 
ureter in Crohn’s patients. Fistula can form 
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between the infl amed bowel and the urinary blad-
der leading to infection. 

 Malnutrition, micronutrient defi ciencies, and 
metabolic bone disease are reported in 20–50 % 
of CD outpatients [ 37 ]. Short bowel syndrome 
with intestinal failure as a result of extensive dis-
ease or bowel resection is rare but highly infl uen-
tial on morbidity and mortality. CD patients are 
also liable to functional GI disorders, either idio-
pathic or secondary to bowel resection [ 38 ]. 
Finally, published data indicate a higher preva-
lence of psychiatric disorders, especially depres-
sion, in CD compared with background 
population [ 39 ]. CD has been associated also 
with a wide array of diseases, many of which 
refl ect susceptibility to autoimmune disorders 
(rheumatoid arthritis, psoriasis, diabetes mellitus 
type 1, thyroid disorders, etc.). 

2.1     Physical Examination 

 The physical examination should focus on tem-
perature, weight, nutritional status, the presence 
of abdominal tenderness or a mass, perianal and 
rectal examination fi ndings, and extraintestinal 
manifestations (EIMs). A patient may have a 
completely normal physical examination of the 
right lower quadrant. For months, the only objec-
tive evidence of disease may be unexplained low- 
grade fever, polyarthralgia, iron-defi ciency 
anemia, hypoalbuminemia, guaiac-positive 
stools, elevated C-reactive protein, or an elevated 
erythrocyte sedimentation rate. Children and 
teenagers who present with fever and arthralgia 
may be given a misdiagnosis of rheumatic fever 
or juvenile rheumatoid arthritis. Prepubescent 
patients may have a slowing of growth 1–2 years 
before weight gain slows or gastrointestinal 
symptoms begin. Vital signs are usually normal 
in patients with Crohn’s disease, though tachy-
cardia may be present in anemic or dehydrated 
patients. Chronic intermittent fever is a common 
presenting sign. Abdominal fi ndings may vary 
from normal to those of an acute abdomen. 
Diffuse abdominal tenderness or localized pain 
may be present. Fullness or a discrete mass may 
be appreciated, typically in the right lower quad-
rant of the abdomen (which is usual with ileal 

involvement), or a mass may be felt secondary to 
thickened or matted loops of the infl amed bowel. 

 The perineum should be inspected in all patients 
who present with signs and symptoms of Crohn’s 
disease because abnormalities detectable in this 
region substantially increase the clinical suspicion 
of infl ammatory bowel disease (IBD). Inspection 
of the perianal region can reveal skin tags, fi stulas, 
ulcers, abscesses, and scarring. A rectal exami-
nation can help to determine sphincter tone and 
aid in detecting gross abnormalities of the rectal 
mucosa or the presence of hematochezia. 

 Examination of the skin and oral mucosa may 
show mucocutaneous or aphthous ulcers, ery-
thema nodosum, and pyoderma gangrenosum. 
Skin examination may also reveal pallor in 
patients with anemia or jaundice in those with 
concomitant liver disease with cholestasis. Eye 
examination may reveal episcleritis. For the diag-
nosis of uveitis, a slit-lamp examination by an 
experienced physician is necessary.  

2.2     Clinical Disease Activity 
Indices 

 In the absence of a universal benchmark of dis-
ease activity in CD, attempts have been made to 
assemble clinical variables into a single disease 
activity index. Best et al. devised the Crohn’s 
disease activity index (CDAI) by using the phy-
sician’s overall appraisal of “how the patient was 
doing” (very poor, poor, fair to good, very well) 
as outcome variable in a multiple linear regres-
sion analysis of 18 clinical variables and symp-
toms from the last 7 days, as reported by the 
patient [ 40 ]. Eight independent variables were 
ultimately chosen to form the index, each 
weighted by the relative magnitude of its regres-
sion coeffi cient (Table  2.2 ). The cutoff limits 
between quiescent/active disease (“very well/
fair to good”) and active/very severe disease 
(“poor/very poor”) were set to 150 and 450 
points, respectively. Subsequently, an additional 
limit was arbitrarily drawn at 220 points between 
mild and moderate disease activity, and a 
 reduction of 70–100 points has been deemed to 
indicate treatment response [ 41 ]. The CDAI has 
been adopted as the “gold standard” for outcome 
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assessment in clinical trials, its use being a pre-
requisite for regulatory approval of new thera-
pies by authorities in the USA and Europe. 
Adapted versions of the CDAI have been con-
structed for use in children and in patients with 
perianal fi stulizing disease. Concerns were 
raised against the CDAI as being largely deter-
mined by subjective variables [ 41 ].

   The Harvey-Bradshaw index (HBI) [ 42 ] is a 
derivative of the CDAI, excluding the laboratory 
variables and only recalling symptoms from the 
last 24 h (Table  2.3 ). The HBI correlates strongly 
( r  > 0.90) with the CDAI and has been used to 
simplify disease activity assessment.

   Emerging CD concepts emphasize the pro-
gressive and irreversible character of the tissue- 
damaging process. To capture this aspect, a 

multinational project has been launched to 
develop a global score of cumulative bowel dam-
age (the Lemann score) [ 43 ], taking into account 
location and extent of stricturing or penetrating 
lesions and bowel resection. However, the 
Lemann score has not been introduced yet in 
clinical practice or randomized clinical trials 
where the CDAI or HBI is still currently used.     
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      Laboratory Tests in Crohn’s 
Disease                     
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3.1            Introduction 

 Laboratory tests are useful for diagnosing Crohn’s 
disease, assessing disease activity, identifying 
complications, and monitoring response to ther-
apy. Their role has been considered limited in the 
past due to lack of specifi city. The introduction of 
biological therapies in infl ammatory bowel dis-
ease (IBD) has renewed interest in infl ammatory 
markers, especially C-reactive protein (CRP), 
given their potential to select responders to these 
treatments. There are several reasons why labora-
tory markers have been studied in IBD in the past 
decades: fi rstly, to gain an objective measure-
ment of disease activity as symptoms are often 
subjective; secondly, to avoid invasive (endo-
scopic) procedures which are often a burden to 
the patient. An ideal marker should have many 
qualities. It should be easy and rapid to perform, 
cheap, and reproducible between patients and 
laboratories. The ideal laboratory marker should 
furthermore be able to identify individuals at 
risk for the disease and should be disease spe-
cifi c; it should be able to detect disease activity 
and monitor the effect of treatment; and fi nally, 
it should have a prognostic value towards relapse 
or recurrence of the disease. Unfortunately, no 

single marker has proven to possess all the above 
listed  qualities although some interesting mark-
ers have been identifi ed. The presence of active 
gut infl ammation in patients with IBD is associ-
ated with an acute- phase reaction and migration 
of leucocytes to the gut, and this is translated into 
the production of several proteins, which may be 
detected in serum or stools [ 1 – 4 ]. 

 Initial testing often includes white blood cell 
count, platelet count, measurement of hemoglo-
bin, hematocrit, blood urea nitrogen, creatinine, 
liver enzymes, CRP, and erythrocyte sedimen-
tation rate (ESR). Stool culture and testing for 
 Clostridium diffi cile  toxin should be consid-
ered [ 5 ]. Presence of antibodies to  Escherichia 
coli  outer membrane porin and  Saccharomyces 
 cerevisiae   is suggestive of Crohn’s disease, 
whereas perinuclear antineutrophil cytoplasmic 
antibody is more suggestive of ulcerative colitis 
[ 6 ]. Subsequent testing may include measurement 
of iron, ferritin, total iron-binding capacity, vita-
min B 12 , folate, albumin, prealbumin, calcium, 
and vitamin D to monitor common complica-
tions (especially malnutrition and selective defi -
ciencies). Fecal lactoferrin and calprotectin are 
surrogate markers for bowel infl ammation and 
may help distinguish between infl ammatory con-
ditions and irritable bowel syndrome [ 7 ,  8 ]. An 
elevated fecal calprotectin level reliably indicates 
relapse in patients with Crohn’s disease (sensitiv-
ity 80 %, specifi city 90.7 %; positive likelihood 
ratio 1.9; negative likelihood ratio 0.04) [ 7 ].  
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3.2     CRP and ESR 

 CRP level and ESR correlate with disease activ-
ity. Unfortunately, a normal ESR or CRP level 
does not rule out disease activity and should 
be considered ancillary texts to endoscopic or 
radiological assessment. This is due, as above-
mentioned, to a problem of specifi city. CRP is a 
pentameric protein consisting of fi ve monomers 
and is one of the most important acute-phase 
proteins in humans [ 9 ]. Under normal circum-
stances, CRP is produced by hepatocytes in 
low quantities (0.1 mg/l). However, following 
an acute-phase stimulus such as infl ammation, 
hepatocytes rapidly increase production of CRP 
under the infl uence of interleukin (IL)-6, tumor 
necrosis factor-α (TNF-α), and IL-1beta and may 
reach peak levels of 350–400 mg/l. CRP has a 
short half-life (19 h) compared with other acute-
phase proteins and will therefore rise early after 
the onset of infl ammation and rapidly decrease 
after resolution of the infl ammation. The func-
tion of CRP in vivo is still incompletely under-
stood. CRP binds to phosphocholine-containing 
microorganisms or particles which in turn lead to 
C1q and classical complement activation. CRP 
also plays a role in the opsonization of infec-
tious agents and damaged cells [ 10 – 13 ]. CD is 
associated with a strong CRP response, due to 
serum IL-6 concentrations elevation compared to 
healthy controls. ESR is the rate at which eryth-
rocytes migrate through the plasma. Inevitably, 
ESR will depend on the plasma concentration 
and on the number and size of the erythrocytes. 
Conditions such as anemia, polycythemia, and 
thalassemia affect ESR [ 14 ]. Compared with 
CRP, ESR will peak much less rapidly and may 
also take several days to decrease, even if the 
clinical condition of the patient or the infl amma-
tion is ameliorated. Increases in ESR with age 
have been described [ 15 ]. 

 Only a few studies have investigated the value 
of laboratory markers in identifying individuals 
at risk for IBD and furthermore not all studies 
used the same markers. An early study from St 
Mark’s Hospital, London, UK, investigated 82 
adults referred with abdominal symptoms [ 16 ]. 
In all patients, clinical examination as well as 
a rectal biopsy were performed and ESR, CRP, 

and a1-glycoprotein were determined. Of these 
markers, CRP was increased in all patients who 
subsequently were diagnosed with CD ( n  = 19), 
in 50 % of patients diagnosed with UC ( n  = 22), 
but in none of the 41 patients with functional 
bowel symptoms. The best laboratory marker 
in differentiating IBD from normal subjects was 
CRP. Similar results were reported in the study 
by Shine and colleagues on a pediatric population 
undergoing colonoscopy [ 16 ], in which 100 % of 
CD patients had increased CRP compared with 
none of the children with polyps and none of the 
children with a normal investigation. ESR proved 
to be the second best marker, with 85 % of CD 
positive compared with none of the children with 
a normal investigation. Finally, a larger study on 
203 individuals referred for symptoms sugges-
tive of lower bowel disease also showed that CRP 
was a good marker in discriminating IBD from 
irritable bowel syndrome (IBS) [ 17 ]. 

 Laboratory tests are useful to monitor disease 
activity. In general, patients with severe disease 
more often have abnormal infl ammatory mark-
ers, compared with patients without or with only 
low-grade infl ammation. This has been shown in 
a prospective study by Tromm and colleagues 
[ 18 ] who investigated laboratory markers such as 
ESR, serum albumin, a1 proteinase inhibitor, 
cholinesterase, CRP, and hematocrit, and corre-
lated these markers with endoscopic activity. A 
previous study in IBD showed a good correlation 
between ESR and clinical activity [ 19 ]. The cor-
relation was, however, dependent on disease 
location, and ESR correlated less well with UC 
restricted to the rectum and with CD restricted to 
the upper small bowel [ 19 ,  20 ]. The study by 
Fagan et al. [ 21 ] showed that both CRP and ESR 
correlated well with disease activity but the cor-
relation was better for CRP. This was also the 
conclusion from various other studies where CRP 
was either the best marker or the only marker 
which correlated signifi cantly with clinical activ-
ity status [ 21 ]. However, a wide range of CRP 
values was observed and overlap existed between 
mild to moderate (10–50 mg/l), moderate to 
severe (50–80 mg/l), and severe disease 
(.80 mg/l). What is undoubtedly more important 
than a particular cut off value for CRP is the com-
parison of the CRP value with previous values in 
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a given patient. Apart from clinical activity, data 
from the Mayo Clinic have also shown good cor-
relation between CRP and endoscopic and histo-
logic activity in CD. 

 CRP has been shown to be a good marker 
for predicting disease course and outcome in a 
number of diseases. Well known is its association 
with cardiovascular disease and poor outcome 
after myocardial infarction [ 22 – 24 ]. Also, in 
multiple myeloma, serum CRP is a highly sig-
nifi cant prognostic factor and high CRP and high 
beta2 microglobulin levels are associated with 
worse survival [ 25 ]. A number of studies in CD 
have investigated a panel of laboratory markers 
in predicting clinical relapse. A prospective study 
by Brignola et al. monitored 41 CD patients with 
clinically inactive disease (CDAI <150) for 6 
months using a panel of infl ammatory markers 
(ESR, white blood cells, hemoglobin, albumin, 
a2 globulin, serum iron, CRP, a1 glycoprotein, 
and a2 antitrypsin) [ 26 ]. All patients were fol-
lowed up until relapse. A total of 17/41 patients 
relapsed. ESR, a2 globulin, and a1 glycoprotein 
were best at distinguishing relapsers from non- 
relapsers. Based on these markers, a prognostic 
index (PI) was calculated and the threshold of dis-
criminant power was 0.35. Using this threshold, 
all patients with a PI >0.35 relapsed over a period 
of 18 months, compared with 5/29 patients with a 
PI < 0.35. Therefore, although normal values did 
not guarantee remission in all patients, high val-
ues predicted relapse in the following 1–2 years. 
A few years later, Boirivant et al. prospectively 
followed 101 outpatients with CD [ 27 ]. Half of 
the patients had a raised CRP and this corre-
lated well with clinical activity. Approximately 
one third of CD patients presented with active 
disease despite normal CRP, and one third had 
raised CRP but clinically inactive disease. The 
likelihood of relapse after two years was higher 
in patients with an increased CRP compared with 
patients with normal CRP. More recently, the 
GETAID group prospectively followed 71 CD 
patients with medically induced remission and 
measured laboratory markers (full blood count, 
CRP, ESR, a1 antitrypsin, orosomucoid) every 6 
weeks [ 28 ]. In total, 38 patients relapsed (defi ned 
as a CDAI >150 or an increase of .100 points from 
baseline) after a median of 31 weeks. Only two 

laboratory markers were predictive of relapse: 
CRP (.20 mg/l) and ESR (.15 mm). Patients with 
both markers positive had an eightfold increased 
risk for relapse with a negative predictive value 
of 97 %, suggesting that normal CRP and ESR 
could almost certainly rule out relapse in the next 
6 weeks. 

 It is clear that we still cannot rely on CRP 
alone to predict clinical relapse in CD. One of the 
crucial questions is how early or late CRP and 
other infl ammatory markers start increasing and 
what the ideal time would be to measure them. 

 A change in CRP following therapy is a good 
parameter to assess the effect of the drug on the 
underlying infl ammation. A decrease in CRP in 
response to therapy is objective evidence that the 
drug has a benefi cial effect on gut infl ammation 
and this holds even in patients with little change 
in symptoms. On the other hand, persistently 
raised CRP indicates failure of the therapy to 
control mucosal infl ammation. Introduction of 
biological therapies in IBD has led to a major 
improvement in treatment options. Anti-TNF- 
alpha antibodies are very effi cacious in patients 
with CD. Nevertheless, anti-TNF treatment fails 
in approximately 25 % of patients. In a Belgian 
study, in 153 patients treated with infl iximab, a 
baseline CRP >0.5 mg/l before the start of ther-
apy was associated with a higher response (76 %) 
compared with patients with CRP < 0.5 mg/l 
(46 %) ( p  = 0.004) [ 29 ]. Very similar results have 
been demonstrated for the humanized anti-TNF 
molecules CDP-571 and CDP-870 and for the 
fully human anti-TNF antibodies adalimumab 
and anti-adhesion molecule strategies [ 30 – 32 ]. 
Along the same lines, low or normal baseline 
CRP values have been associated with a high 
placebo response and remission rate in clinical 
trials [ 33 ].  

3.3     Hematologic Tests 

 The components of the complete blood cell 
(CBC) count can be useful indicators of disease 
activity and iron or vitamin defi ciency. An ele-
vated white blood cell ( WBC ) count is common 
in patients with active infl ammatory disease and 
does not necessarily indicate infection. High 
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 leukocyte count is common also in patients tak-
ing steroids due to drug-induced mobilization of 
marginated neutrophils. Anemia is common and 
may be either an anemia of chronic disease (usu-
ally normal mean corpuscular volume [MCV]) or 
an iron defi ciency anemia (MCV is often low). 
Anemia may result from acute or chronic blood 
loss and malabsorption (iron, folate, and vitamin 
B 12 ) or may refl ect reduced intake or chronic 
infl ammatory burden. Note that macrocytosis 
(elevated MCV) occurs in patients taking azathi-
oprine or 6-mercaptopurine (6-MP). Generally, 
the platelet count is normal but may be elevated 
in the setting of active infl ammation or iron defi -
ciency. Given to wide variability of reference 
value, the use of platelet count to monitor disease 
activity is low. 

 Due to the high prevalence of malnutrition in 
CD, vitamin B 12  and folic acid level often need to 
be evaluated.  Vitamin B   12   defi ciency can occur in 
patients with CD who have signifi cant terminal 
ileum disease or in patients who have had termi-
nal ileum resection. The standard replacement 
dose of vitamin B 12  is 1000 mg subcutaneously 
(SC) every month, because oral replacement is 
often insuffi cient. Serum  iron  studies should be 
obtained at the time of diagnosis, because active 
IBD is a source for GI blood loss, making iron 
defi ciency common. A microcytic hypochromic 
anemia suggests iron defi ciency; if confi rmed 
with serum iron/total iron-binding capacity 
(TIBC), iron can be replaced either orally or par-
enterally. For parenteral replacement, intrave-
nous (IV) iron sucrose or, more recently, 
iron-carboxymaltose, can be used, and dosing is 
based on the table in the package insert, with a 
maximum of 30 mL (1500 mg) at once. Although 
 folate  defi ciency is not common in persons with 
IBD, several concerns have been raised regarding 
this vitamin. Sulfasalazine (Azulfi dine) is a folate 
reductase inhibitor and may inhibit normal 
uptake of folate; thus, many practitioners com-
monly administer folate supplements in patients 
taking sulfasalazine. Folate supplements are indi-
cated in all women who are pregnant to help pre-
vent neural tube defects; this is particularly true 
for patients with IBD, and supplementation with 
2 mg/day or more (rather than the usual 1 mg/

day) should be considered in those on sulfasala-
zine. Folic acid defi ciency is common in patients 
taking methotrexate and folic acid supplementa-
tion the day after methotrexate administration is 
recommended. Nutritional status can be assessed 
by serum albumin, prealbumin, and transferrin 
levels. However, note that transferrin is an acute- 
phase reactant that can be falsely elevated in per-
sons with active IBD. Hypoalbuminemia may 
refl ect malnutrition because of poor oral intake or 
because of the protein-losing enteropathy that 
can coexist with active IBD.  Albumin  is a typical 
example of a negative acute-phase reactant, and 
decreased levels may be found during infl amma-
tion. However, other conditions such as malnutri-
tion and malabsorption also cause low albumin 
levels. Other acute-phase reactants include  sialic 
acid , alpha-1-acid glycoprotein orosomucoid, 
fi brinogen, lactoferrin, b2microglobulin, serum 
amyloid A, a2 globulin, and a1antitrypsin. Most 
of these markers have not been studied widely in 
IBD and many have shown confl icting results. 
Furthermore, their use in IBD has not proved 
superior to CRP in general, mainly due to the lon-
ger half-life of these proteins. Beta2 microglobu-
lin is a low-molecular-weight protein and is 
released by activated T and B lymphocytes on 
activation. The estimated half-life is 2 h. Beta2 
microglobulin is fi ltered through the glomeruli, 
and levels increase with age and also with 
decreasing kidney function. Orosomucoids have 
been shown to correlate well with disease activ-
ity, but its half-life of 5 days makes this a less 
useful marker in clinical practice [ 34 ,  35 ]. Finally, 
some authors showed good correlation between 
beta2 microglobulin and disease activity [ 36 – 38 ]. 
However, data were confl icting and not all 
authors were able to confi rm these fi ndings [ 39 ].  

3.4     Fecal Calprotectin and Other 
Fecal Marker 

 Stool samples should be tested for the presence 
of white blood cells (WBCs), occult blood, rou-
tine pathogens, ova, parasites, and  Clostridium 
diffi cile  toxin. An obvious reason to search for 
fecal markers is that stools are easily accessible 
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in IBD patients and because fecal markers would 
have a higher specifi city for IBD in the absence of 
gastrointestinal infection. Stool samples can also 
be studied to rule out infectious etiologies during 
relapses and before the initiation of immunosup-
pressive agents [ 40 ]. A number of neutrophil- 
derived proteins present in stools have been 
studied, including fecal lactoferrin, lysozyme, 
elastase, myeloperoxidase, and calprotectin [ 4 ]. 

  Fecal calprotectin  has been proposed as a 
noninvasive surrogate marker of intestinal infl am-
mation in IBD. As colorectal neoplasia and gas-
trointestinal infection also increase fecal 
calprotectin, this marker is not in widespread use. 
Note that relatives of patients with IBD may also 
have elevated levels of fecal calprotectin (with 
unknown degrees of infl ammation) [ 41 ]. 
Calprotectin, a 36 kDa calcium- and zinc-binding 
protein, is probably the most promising marker 
for various reasons. In contrast with other neutro-
phil markers, calprotectin represents 60 % of 
cytosolic proteins in granulocytes. The presence 
of calprotectin in feces can therefore be seen as 
directly proportional to neutrophil migration to 
the gastrointestinal tract. Although calprotectin is 
a very sensitive marker for detection of infl am-
mation in the gastrointestinal tract, it is not a spe-
cifi c marker and increased levels are also found 
in neoplasia, IBD, infections, and polyps [ 4 ]. 
Fecal calprotectin is a very stable marker (stable 
for more than 1 week at room temperature) and is 
resistant to degradation, which makes it attrac-
tive. Early studies using fecal calprotectin in IBD 
have shown a good correlation with indium- 
labeled leukocyte excretion and intestinal perme-
ability [ 42 ]. Increased fecal calprotectin levels 
have been reported after the use of nonsteroidal 
anti-infl ammatory drugs as well as with increas-
ing age [ 43 ]. More recently, fecal calprotectin 
was shown to predict relapse of CD [ 44 – 46 ]. In 
the study by Tibble et al., calprotectin levels of 
50 mg/g or more predicted a 13-fold increased 
risk for relapse [ 44 ]. A baseline level of calpro-
tectin of 150 mg/g or more was predictive for a 
relapse in the next year. A study by Henderson 
et al. indicated that fecal calprotectin has a high 
sensitivity and modest specifi city for diagnosing 
IBD in children. The researchers conducted a 

systematic review and meta-analysis of eight 
studies including 394 pediatric IBD cases and 
321 non-IBD controls [ 47 ,  48 ]. The use of fecal 
calprotectin during the investigation of suspected 
pediatric IBD was associated with a pooled sen-
sitivity of 97.8 %, a pooled specifi city of 68.2 %, 
a positive likelihood ratio of 3.07, and a negative 
likelihood ratio of 0.03.  Fecal lactoferrin  is 
another potential marker derived from feces. It is 
an iron-binding glycoprotein secreted by most 
mucosal membranes. It is a major component of 
the secondary granules of PMNs and is released 
during infl ammation, serving a role in the innate 
immune response. It is bactericidal, and its level 
may refl ect the degree of neutrophil infi ltration 
into the intestinal epithelium. Lactoferrin is less 
stable than calprotectin in stool and must be fro-
zen to ensure accuracy over time. Langhorst et al. 
[ 50 ] assessed fecal lactoferrin, fecal calprotectin, 
fecal PMN-elastase, and serum CRP in patients 
with IBD. These markers were compared with 
endoscopic fi ndings and specifi c activity indices 
for Crohn’s disease and ulcerative colitis (UC). 
Sensitivity and specifi city were measured for 
each test to distinguish IBD from IBS. Although 
there was no statistical difference between fecal 
markers, all three were superior to CRP. However, 
when any of the three fecal markers were com-
bined with CRP and an activity index, diagnostic 
accuracy approached 90 %. Schroder et al. [ 51 ] 
compared only fecal markers in identifying 
established infl ammation and found calprotectin 
to be superior to lactoferrin and PMN-elastase. 
Any combination of the three markers proved no 
more effective than the effect with calprotectin 
alone. Shitrit et al. [ 52 ] used calprotectin to pre-
dict abnormal colonic pathology of any type in 
72 consecutive patients undergoing colonoscopy, 
including screening. Each patient submitted stool 
specimens for measurement of fecal calprotectin 
before colonoscopy. Patients with abnormal 
colonic fi ndings had calprotectin levels that were 
signifi cantly higher than in those with normal 
colonoscopic fi ndings. Using a cutoff of 150 mcg/
mL, calprotectin had a sensitivity of 75 %, speci-
fi city of 84 %, and positive and negative predic-
tive values of 80 % and 75 %, respectively. 
Calprotectin proved effective in identifying 
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colorectal neoplasia as well, probably related to 
PMN infi ltration of the tumor. The authors rec-
ommended that calprotectin levels be obtained in 
all patients undergoing colonoscopy. Focusing 
specifi cally on its role in IBD, a number of 
authors have confi rmed the accuracy of calpro-
tectin in distinguishing IBD from IBS. In a meta- 
analysis of 13 studies involving over 1500 
patients, von Roon et al. [ 53 ] found calprotectin 
to have a sensitivity of 89–98 % and specifi city of 
81–91 %. Calprotectin can also be used to assess 
the level of disease activity in patients with 
known IBD [ 54 ]. This paper demonstrated a sig-
nifi cant association of calprotectin levels in 
patients with UC with clinical disease activity 
indices, endoscopic fi ndings for disease extent 
and activity, and CRP. In the same study for 
patients with Crohn’s disease, calprotectin did 
not correlate with clinical disease activity but did 
signifi cantly so for both the Vienna classifi cation 
and endoscopic fi ndings of active infl ammation. 
In another study of patients with UC alone, 
Schoepfer et al. [ 55 ] not only found a signifi cant 
correlation with the endoscopic activity index but 
also found that, among CRP, clinical activity 
index, and leukocytosis, only calprotectin levels 
were able to reliably discriminate between all 
levels of clinical activity. It is not surprising that 
in Crohn’s disease, there is no signifi cant correla-
tion between calprotectin and clinical activity 
index, as clinical activity indices such as Crohn’s 
Disease Activity Index (CDAI) or Harvey- 
Bradshaw Index correlate poorly with endoscopic 
fi ndings. This again was demonstrated by Jones 
et al. [ 56 ] who evaluated the relationship between 
disease activity and fecal biomarkers. With the 
advent of biological agents, for example, tumor 
necrosis factor inhibitors, mucosal healing is 
becoming the gold standard by which therapeutic 
trials are measured. Serum CRP levels are incon-
sistent in this regard. Genetic polymorphisms 
within various regions of the CRP gene may 
infl uence the response to infl ammation in IBD 
patients, making a response to Crohn’s disease, at 
best, unpredictable. The authors in this trial mea-
sured both serum biomarkers and fecal calprotec-
tin and lactoferrin in 164 patients with Crohn’s 
disease scheduled for colonoscopy. There proved 

to be no signifi cant association between the 
CDAI and endoscopic scores, nor between fecal 
biomarkers and CDAI. However, fecal calprotec-
tin and lactoferrin levels were signifi cantly higher 
in patients with more severe endoscopic activity. 

 In the  Journal of Clinical Gastroenterology , 
Licata et al. [ 57 ] from the University of Palermo 
have assessed the role of fecal calprotectin in the 
evaluation of patients with chronic diarrhea. The 
patients were selected quite carefully after 
excluding all patients with overt gastrointestinal 
bleeding, known colorectal or gastric cancer, pol-
yposis syndromes, active nongastrointestinal 
infections, and recent use of nonsteroidal anti- 
infl ammatory drugs or aspirin. Patients who were 
pregnant, alcoholics, or had any other prior gas-
trointestinal history were also excluded. This was 
essential, as calprotectin may be elevated in asso-
ciation with many of these conditions and sepa-
rating out the factors contributing to its elevation 
is diffi cult. Also, if endoscopic assessment is 
required regardless of the calprotectin level, the 
test would be unnecessary. A total of 346 con-
secutive patients who met these criteria and with 
diarrhea persisting for >4 weeks were subjected 
to a thorough investigation including analyses of 
serum CRP level, sedimentation rate, stool cul-
tures, and ova and parasites. All patients under-
went colonoscopy with biopsies. Upper 
endoscopy and small bowel enteroclysis studies 
were obtained if Crohn’s disease was confi rmed. 
After informed consent, a single stool specimen 
for calprotectin was submitted before 
colonoscopy. 

 Of the 346 patients entering the study, 242 
(69.9 %) had normal results in the endoscopic 
study. IBD was confi rmed in 82 patients (23.7 %), 
ischemic colitis in 1 (0.3 %), polyps in 10 (2.9 %), 
and simple diverticulosis in 11 (3.2 %). 
Calprotectin levels were signifi cantly higher in 
those patients with an abnormal colonoscopy ( P  
value <0.0001). When the authors focused on 
histologic changes alone, 142 (41.0 %) patients 
had an abnormal histology, 82 patients had IBD, 
17 patients had microscopic colitis, and 22 
patients had nonspecifi c colitis. On the basis of 
clinical fi ndings, 21 of 142 patients were still 
believed to have IBS despite the mild increase in 
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intestinal lymphocytes, which did not fulfi ll the 
criteria for microscopic colitis. Again, calprotec-
tin levels were signifi cantly higher in the patient 
with histologic infl ammation ( P  value < 0.001). 
On the basis of a multivariate linear regression 
model, the presence of histologic infl ammation 
was signifi cantly and independently associated 
with calprotectin levels. Using a cutoff of 
150 mcg/g of stool, fecal calprotectin had 75.4 % 
sensitivity, 88.3 % specifi city, and 81 % and 83 % 
positive and negative predictive values, 
respectively.  

3.5     Other Serological Markers 

 Perinuclear antineutrophil cytoplasmic antibod-
ies (pANCA) have been identifi ed in some 
patients with ulcerative colitis, and anti- 
Saccharomyces  cerevisiae  antibodies (ASCA) 
have been found in patients with Crohn’s disease. 
The combination of positive pANCA and nega-
tive ASCA has high specifi city for ulcerative 
colitis, whereas the inverse pattern—positive 
ASCA, negative pANCA—is more specifi c for 
Crohn’s disease [ 57 ]. The World Gastroenterology 
Organization (WGO) indicates that ulcerative 
colitis is more likely when the test results are 
positive for pANCA and negative for ASCA anti-
gen; however, the pANCA test may be positive in 
Crohn’s disease, and this may complicate obtain-
ing a diagnosis in otherwise uncomplicated coli-
tis [ 58 ]. It should be noted that both tests are 
recommended only as an adjunct to clinical diag-
nosis; the results are not specifi c and have been 
found to be positive in other bowel diseases. 
Patients with Crohn’s disease whose condition is 
ASCA positive have a higher rate of surgery and 
require surgery earlier in the course of the dis-
ease, independent of the area of involvement [ 39 , 
 59 ,  60 ]. Additional serologic markers, such as 
 Escherichia coli  anti-ompC (outer membrane 
porin C), can be found in more than 50 % of 
Crohn’s disease cases.  Pseudomonas fl uorescens  
(anti-12) may be found in more than 50 % of 
Crohn’s disease, fl agellin-like antigen (anti- 
Cbir1) is associated independently with small 
bowel, penetrating, and fi brostenosing disease. 

Indeed, serum response to anti-CBir1, an anti-
body associated with the presence of IBD, has 
been shown to differentiate pANCA-positive 
results in ulcerative colitis versus ulcerative 
colitis- like Crohn’s disease [ 61 ]. Patients with 
Crohn’s disease who have a greater titer of posi-
tive ASCA may be at a greater risk for complica-
tions such as strictures and fi stulas, and they may 
also be at a higher risk for surgery. However, 
serologic markers do not appear to predict 
response to medical therapy, and there is cur-
rently insuffi cient evidence to recommend the 
use of antibody testing to predict responses to 
treatment or surgery in patients with IBD [ 49 ].  

3.6     Microbiology 

 Before making a defi nitive diagnosis of idio-
pathic infl ammatory bowel disease (IBD), per-
form a stool culture, ova and parasite studies, 
bacterial pathogen culture, and evaluation for 
 Clostridium diffi cile  infection [ 62 ]. At a mini-
mum, a  Clostridium diffi cile  toxin assay should 
be performed on any patient hospitalized with a 
fl are of colitis, because pseudomembranous coli-
tis is commonly superimposed on IBD colitis. 
Assessment for  Cytomegalovirus  colitis should 
be performed in cases refractory to steroids [ 58 ]. 
Amebiasis can be diffi cult to identify from the 
stool; therefore, consider serologic testing.  

3.7     Laboratory Texts 
in Screening for Biologics 

 Opportunistic infections in patients with Crohn’s 
disease (CD) have become an important issue, 
particularly with the increasing use of immuno-
suppressants and TNF-α inhibitors [ 63 ]. That’s 
why a panel of texts is recommended by current 
guidelines before starting biologics: hepatitis B 
and C markers, HIV antibodies, and screening for 
latent tuberculosis. Viral markers are assessed to 
prevent viral reactivation, which, in the case of 
hepatitis B, can lead to fulminant liver failure. 

 Chronic HBV is the most common chronic 
viral infection of the liver, affecting 350 million 
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people worldwide. High rates of HBV (HBsAg- 
prevalence C8 %) are found in some parts of 
South America and Sub- Saharan Africa. In the 
Middle East and Indian subcontinent, an esti-
mated 2–7 % of the general population is chroni-
cally infected [ 64 ]. Therefore, it is particularly 
important to focus HBV screening efforts on 
high-risk patient groups, such as immigrants 
from Sub-Saharan Africa or some parts of South 
America (HBsAg-prevalence C8 %). In addition, 
the cost-effectiveness of HBV screening was 
affected by the HBVR risk and HBVR-related 
mortality. If the HBVR risk is more than 62 %, 
HBV screening became cost-effective. Similarly, 
HBV screening became cost-effective if the 
HBVR-related mortality is more than 37 %. 
Comparable thresholds were found in a cost- 
effectiveness study of HBV screening in patients 
beginning with chemotherapy for solid tumors 
(67 % and 41 %, respectively). Although CD 
patients and cancer patients are not entirely com-
parable with regard to their clinical and treatment 
characteristics (infl iximab versus chemotherapy), 
these fi ndings indicate that CD patients that are 
severely immunocompromised as a result of 
cotreatment with steroids or other immunosup-
pressive drugs, malnutrition, or serious comor-
bidities may benefi t from HBV screening prior to 
initiating infl iximab treatment. 

 Screening for TB using chest X-ray and tuber-
culin skin test (TST) effectively reduces the 
occurrence of TB in patients treated with TNF-α 
inhibitors [ 65 ]. Presently, the additive value of 
the interferon-gamma release assay (IGRA) in 
TB screening remains unclear. Although the utili-
zation of IGRA may reduce the rate of false- 
positive results, this comes with higher costs 
[ 66 ]. The cost-effectiveness of TB screening is 
unclear. Extended TB screening becomes cost- 
effective if the prevalence of latent TB is above 
12 %. This indicates that extended TB screening 
targeted at populations at risk of latent TB may 
be more cost-effective than a universal screening 
strategy. However, ECCO guidelines on opportu-
nistic infections in IBD recommend TB skin text 
(TST) or, better, interferon-gamma assays 
(Quantiferon-TB) in all patients candidates to 
biologics [ 67 ,  68 ] to prevent the reactivation of 

TB. In Europe, the estimated incidence of active 
TB ranges from 10 to 99 per 100,000 inhabitants 
[ 69 ]. Worldwide, one third of the population is 
infected with latent TB. As reported by various 
post-marketing surveillance registries and one 
meta-analysis, CD and rheumatoid arthritis 
patients treated with TNF-α inhibitors have a 4- 
to 20-fold increased risk of active TB, with a 
mortality up to 14 % [ 70 – 75 ]. 

 TST carries a high rate of false-positive 
tests, which is caused by the nonspecifi c nature 
of purifi ed protein derivative (PPD) leading to 
cross- reactivity with non-tuberculosis myco-
bacterium and the booster phenomenon of serial 
TST testing [ 76 ,  77 ]. In a recently published 
meta- analysis of nine studies comparing TST 
with different IGRAs, Shahidi et al. [ 65 ] showed 
a modest to strong agreement between TST and 
IGRA. However, particularly in the immuno-
suppressive treatment-naive IBD population, 
this agreement was highly affected by the bac-
ille Calmette-Guérin (BCG) vaccination status. 
As BCG increases the false-positivity rate of 
TST, IGRA may have an additive value in IBD 
patients who are BCG vaccinated. This is fur-
ther strengthened by a recent cost-effectiveness 
analysis showing that among multiple screening 
strategies—including TST alone, IGRA alone, 
and sequential screening of TST followed by 
IGRA—using IGRA in BCG vaccinated indi-
viduals is the most cost-effective screening 
strategy [ 78 ]. 

 In addition to this, Helwig et al. demonstrate 
that corticosteroids and immunosuppressive ther-
apy infl uence the result of QuantiFERON-TB 
Gold testing in infl ammatory bowel disease 
patients; 45 consecutive patients were enrolled; 
24 patients out of 45 (corresponding to 53.3 %) 
received at least low doses of corticoid treatment 
and 27 patients out of 45 (corresponding to 
60.0 %) received immunosuppressive agents. 13 
patients out of 45 (corresponding to 28.9 %) had 
an indeterminate result of the QuantiFERON test. 
A correlation between the indeterminate result 
and combination therapy of corticosteroids was 
found. The concomitant therapy of immunosup-
pressive agents lead to a lower IFN release but no 
signifi cance was found.  
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3.8     Therapeutic Drug 
Monitoring in Infl ammatory 
Bowel Disease 

 Dramatic advances in the treatment of IBD have 
been seen with the availability of new drugs and 
our ability to tailor the treatment strategy for each 
patient. Tumor necrosis factor (TNF)-α inhibitors 
and thiopurines are among the most important 
classes of medications utilized in the clinical 
management of Crohn’s disease. Monitoring of 
drug levels and anti-drug antibodies (for TNF-α 
inhibitors) and metabolite levels (for thiopurines) 
can provide valuable insight into the possible eti-
ology of unfavorable outcomes and allow for an 
appropriate management strategy for these 
patients. Drug monitoring is relevant not only 
when trying to achieve treatment effi cacy but also 
when trying to mitigate toxic side effects and 
optimize costs. 

 IFX is a chimeric IgG1 (human-constant and 
murine-variable regions) monoclonal antibody 
consisting of human-constant and murine- 
variable regions; it is indicated for induction and 
maintenance of clinical remission in patients 
with moderate to severely active CD [ 79 ,  80 ]. 
ADA is a recombinant fully human IgG1 mono-
clonal antibody, also approved for the induction 
and maintenance of remission in patients with 
CD [ 81 – 83 ]. 

 These biologic therapies are of proven ben-
efi t, reducing rates of hospitalization and sur-
gery rates while improving quality of life [ 84 , 
 85 ]. Unfortunately, up to 50 % of patients lose 
response to treatment (secondary nonresponders) 
and up to 30 % do not respond at all (primary 
nonresponders) [ 86 ]. The rationale for lack or 
loss of response is multifactorial, but the most 
important is the development of anti-drug anti-
bodies. One of the proposed strategies when 
patients lose response to an anti-TNF is switch-
ing to another drug in the same or different class. 
Another strategy is to empirically increase the 
dose, hoping to overcome increased drug clear-
ance. Unfortunately, this can lead to signifi cant 
adverse events including hypersensitivity reac-
tions. A third potential tactic is to measure drug 
levels and antibodies, trying to identify those 

patients who will benefi t from dose escalation 
and those who will be best served by switching 
to an alternate drug class. This latter strategy 
has been proven to be more cost-effective when 
compared to the former and highlights the impor-
tance and usefulness of measuring levels in these 
patients [ 87 ]. 

 Multiple studies have confi rmed a correlation 
between clinical response and trough  serum levels  
of anti-TNF medications [ 88 – 92 ]. Currently, there 
is no clear consensus on the trough level values 
that correspond to clinical response. Recently, a 
cutoff trough level of 3 μg/mL has been suggested 
to have the optimal discriminatory accuracy for 
response to IFX in [ 93 ]. Trough levels of 3–7 μg/mL 
[ 94 ] and 5–10 μg/mL [ 95 ] have recently been 
suggested as target levels for maintenance ther-
apy for CD. In addition, post- induction (week 
14) trough levels of IFX were correlated with 
long-term (week 54) clinical response in a sub-
group analysis of the ACCENT 1 study [ 96 ]. 
Moreover, serum levels at non- trough time points 
have also correlated with clinical response. For 
example, a serum level of IFX of 12.0 μg/mL 
at 4 weeks from the last infusion was indepen-
dently correlated with clinical response [ 90 ] For 
ADA, a cutoff drug level of 5.85 μg/mL yielded 
optimal sensitivity, specifi city, and positive like-
lihood ratio for prediction of clinical response 
[ 97 ]. Currently, there are several methods to 
measure IFX and ADA. Most studies have been 
performed using a solid-phase, double-antigen, 
enzyme-linked immunosorbent assay (ELISA). 
Unfortunately, this assay cannot measure the pres-
ence of antibodies when there are detectable lev-
els of anti-TNF. Another method is a fl uid-phase 
radioimmunoassay, which can report antibodies 
irrespective of the presence of drug. A recently 
developed assay is a homogeneous mobility shift 
assay using size-exclusion high-performance liq-
uid chromatography, which has a high sensitivity 
and specifi city and can potentially detect all iso-
types of immunoglobulin [ 98 ]. This modality per-
mits the measurement of antibodies to anti-TNF 
medications, even in the presence of detectable 
drug. However, most clinical studies have used 
the ELISA assay, which could have implications 
in how we interpret the available data. 

3 Laboratory Tests in Crohn’s Disease

gianfranco.cocorullo@unipa.it



24

 ATI directed against the FAB fragment of 
the molecule [ 99 ] develop against both chimeric 
and fully humanized anti-TNFs. ATI interfere 
with the biologic activity by inhibiting the bind-
ing of the TNF-α inhibitors to both serum and 
membrane- bound TNF-α molecules and by creat-
ing immune complexes that are eliminated by the 
reticuloendothelial system [ 100 ,  101 ]. Formation 
of ATIs has been demonstrated to be correlated 
with decreased levels of anti-TNFs and dimin-
ished clinical response, although not all studies 
support that [ 88 – 91 ,  102 ]. his discrepancy may 
result from several factors, such as different sen-
sitivity of the employed assays (see below), non-
neutralizing antibodies, non-anti- TNF-driven 
disease, and alternative methods of elimination 
of anti-TNFs [ 103 ]. Moreover, serum anti-TNF 
levels and ATI most likely represent a continuous 
process, which may frequently start with low-titer 
antibodies that do not hamper the serum levels of 
the drug signifi cantly, progressing to high-titer 
antibodies leading to a complete elimination of 
the drug. Frequently detection of ATI will pre-
cede the development of LOR by several weeks 
or, alternatively, will be detected after LOR has 
developed [ 104 ]. Moreover, transient (appear-
ing on a single measurement without recurrence) 
ATI are a frequent phenomenon, described in up 
to 28 % of patients [ 105 ]. In contrast to persis-
tent ATI that rarely (<10 %) appear after 1 year 
of treatment, these transient antibodies may be 
detected at any point during the treatment without 
a signifi cant impact on LOR-free survival [ 104 ]. 

 Several techniques are available for the pur-
pose of measurement of antibodies. The most 
common is a solid-phase double-antigen ELISA, 
in which IFX serves as both the capture antigen 
and the detection antibody. This technique is 
relatively simple, reproducible, and inexpensive 
[ 105 ]. This method has some important draw-
backs, the main one being an inability to detect 
ATI in the presence of IFX in the serum. These 
results, reported as “inconclusive,” are very com-
monly reported. For instance, 72 % of measure-
ments of ATI in the SONIC trial were deemed 
inconclusive. In addition, this method is also inca-
pable of detection of immunoglobulin 4 (IgG4) 
ATI. A modifi ed ELISA, employing  anti- human 
λ antigen detection antibody (AHLC), has an 

improved capacity for detection of ATI in the 
presence of IFX, a well as for detection of IgG4 
ATI [ 31 ,  104 ]. Additional detection methods, 
including homogenous mobility shift assay [ 106 ] 
and radioimmunoassay [ 107 ], are used in clinical 
practice. Both techniques, despite the presumable 
superior analytical accuracy, did not demonstrate 
superior diagnostic value on direct comparison 
with ELISA techniques [ 105 ,  108 ]. 

 Observations from randomized controlled tri-
als have shown that the concomitant use of 
immunomodulators (AZA, MP, or methotrexate) 
and biologic medications increases anti-TNF lev-
els. It is generally believed that this occurs by 
diminishing immunogenicity (decreasing the for-
mation of anti-TNF antibodies) while simultane-
ously reducing the amount of systemic 
infl ammation which, as we describe below, will 
negatively affect IgG levels. The presence of ATI 
has consistently been associated with lower IFX 
levels [ 109 ] (Fig.  3.1 ). In an exploratory analysis 
of a randomized controlled trial looking at effi -
cacy of IFX monotherapy, AZA monotherapy, 
and the two drugs combined, the authors found 
that at week 30, the IFX levels were 1.6 μg/mL 
for patients in the IFX group and 3.5 μg/mL for 
those in the combination therapy group 
( P  < 0.001). They also found that only 1 of 116 
patients (0.9 %) receiving combination therapy 
(compared to 15 of 103 patients (14.6 %) receiv-
ing IFX monotherapy) had ATI [ 110 ]. Studies 
looking at the effect of ATA on ADA levels have 
yielded similar results [ 91 ,  107 ]. The presence of 
ATI has been associated with treatment failure 
and lower IFX levels [ 109 ]. Even though most 
studies have shown a clear association between 
the presence of anti-TNF antibodies and drug 
levels, some data have failed to support this 
observation. Lichtenstein et al. looked at the 
infl uence that concomitant immunomodulators 
and IFX therapy had on drug levels. They 
reviewed the ACCENT I and II trials (effect on 
induction and maintenance of remission that IFX 
have in CD) as well as ACT 1 and 2 (effect on 
induction and maintenance of remission that IFX 
have in UC). In contrast to the previously men-
tioned studies, they found that IFX levels were 
similar when comparing patients who did and did 
not receive immunomodulators, even though 
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those patients that received immunomodulators 
had a higher incidence of ATI antibodies to inf-
liximab [ 111 ]. Of note, this report was based on a 
post hoc analysis and the results should be inter-
preted in that context. An algorithm reporting 
treatment strategies tailored on IFX and ATI lev-
els [ 112 ] is shown below in Fig.  3.1 .

3.8.1       Thiopurine Metabolites 

 Thiopurine medications (6-MP and AZA) have 
long constituted the mainstay of IBD immuno-
modulator therapy. Once absorbed, AZA is con-
verted to 6-MP by a nonenzymatic pathway. 
Measuring metabolites has two important appli-
cations, increasing the likelihood of treatment 
effi cacy and reducing the risk of treatment-related 
toxicities. The two metabolites that are commer-
cially available are 6-TGN and 6-MMP. 6-TGN 
has been the metabolite most associated with 
treatment effi cacy; as such, its measurement has 
been proposed as a strategy to optimize treatment 
in patients with IBD receiving AZA/MP. 6-TGN 
is a metabolite of TIMP, which goes through a 
series of phosphorylation events resulting in 
6-thioguanine diphosphate. A 6-TGN level >230 
pmol/8 × 10 8  RBC has been correlated with clini-
cal remission in both adults and children with 
IBD [ 113 ,  114 ]. Another study using a different 

assay that included only adult patients failed to 
show a relation between 6-TGN levels and clini-
cal activity [ 115 ]. 

 A potential use for metabolite measurement is 
to assess adherence to medical therapy. Indeed, 
6-TGN values have been proposed to optimize 
therapeutic response [ 116 ]. In patients without 
clinical response and “subtherapeutic” 6-TGN 
levels, optimization of the levels was signifi -
cantly associated with improved response rates 
[ 117 ]. An association between TPMT activity 
and response to thiopurines has been suggested. 
TPMT activity below 35 pmol/h/mg of hemoglo-
bin correlated with a greater chance of clinical 
response (81 % vs. 43 %;  P  < 0.001). In an addi-
tional study, TPMT activity below 15.3 U/mL 
RBC is associated with a sixfold higher response 
rate to AZA [ 119 ]. The risk of resistance is 
increased in patients with high TPMT activity 
(over 14 U/mL RBC) (OR, 0.21; 95 % CI, 0.06–
0.71;  P  = 0.009) [ 116 ]. 

 AZA metabolite measurement can also be 
used to help prevent drug-related toxicity. 
6-MMP is a metabolite produced from MP by 
TPMT. Higher 6-MMP levels have been found to 
correlate with a higher risk of hepatotoxicity. 
Even though patients with 6-MMP levels >5700 
pmol/8 × 10 8  RBC have a threefold increased risk 
of hepatotoxicity, not all patients with a high 
6-MMP level will develop elevated liver enzymes, 

Positive HACA
(detectable antibody)

Change to another anti-
TNF agent

If persistent disease, change to Rx with
different mechanism of action (non-
anti-TNF agent)

If persistent disease, change to Rx with
different mechanism of action (non-
anti-TNF agent)

If persistent disease, change to
different anti-TNF agent

Change to Rx with different mechanism
of action (non-anti-TNF agent)

Investigate for alternate etiology of
symptoms

Change to different anti-
TNF agent

Active disease on
endoscopy/radiology

Inactive disease on
endoscopy/radiology

Increase infliximab
dose or frequency2

Therapeutic IFX
concentration1

(> 12 mcg/ml at 4 weeks
or detectable trough level)

(< 12 mcg/ml at 4 weeks or
undetectable trough level)

Sub-therapeutic IFX
concentration

  Fig. 3.1    Treatment algorithm based on therapeutic drug monitoring (IFX concentrations and antibody levels).  HACA  
human anti-chimeric antibodies (From Afi f et al. [ 112 ])       
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and having a low 6-MMP level does not preclude 
the development of hepatotoxicity [ 112 ,  119 ]. As 
with 6-MMP, some patients with very high 
6-TGN levels do not develop myelotoxicity, 
while some with low 6-TGN levels may still 
develop this abnormality  118 . 

 Thus, measuring 6-TGN and 6-MMP levels 
do not replace monitoring liver enzymes and 
blood counts. 6-TGN level measurements can 
also be useful to identify those patients who will 
not experience clinical benefi t despite an opti-
mal AZA/MP dose. Patients with normal TPMT 
activity and 6-TGN levels >400 pmol/8 × 10 8  
RBC who do not achieve clinical remission will 
likely remain refractory to treatment even if the 
treatment is continued for 6 more months or the 
dose is increased [ 120 ]. CBC and transaminases 
should be assessed before onset of treatment and 
at 2, 4, and 8 weeks after initiating therapy, irre-
spective of TPMT status. Baseline and follow-up 
pancreatic enzymes should also be followed, as 
in some cases, elevated amylase and lipase may 
precede the clinical presentation of pancreati-
tis. Blood counts should then be repeated every 
3 months or 2 weeks after dose adjustment. 
Thiopurine metabolite levels can be determined 
after 2–3 weeks on therapy or after dose adjust-
ment; the levels should be reassessed when fac-
ing a loss of response, adverse effect, or when 
a medication with a potential effect on the thio-
purine metabolism (such as 5-ASA, allopurinol, 
furosemide etc) is added. In addition, it is advis-
able to assess metabolite levels twice yearly for 
the purposes of routine monitoring and verifi ca-
tion of adherence [ 121 ]. 

 Despite available evidence, measurement of 
thiopurine metabolites is not widely used unless 
in tertiary referral centers.      
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      Course of Crohn’s Disease                     

     Andrea     Affronti    ,     Ambrogio     Orlando      , 
and     Mario     Cottone     

        Crohn’s disease (CD) is an infl ammatory bowel 
disease (IBD) with a chronic course, and it is 
characterized by different events within time 
which are in relation to heterogeneity of the dis-
ease. This heterogeneity depends on the age of 
appearance, time elapsed from symptoms to 
diagnosis, site, extent and behavior of disease, 
and smoking status. 

 The initial description of CD by Oppenheimer, 
Ginzburg, and Crohn [ 1 ] still remain valid: “the 
disease is clinically featured by fever, diarrhea 
and emaciation, leading eventually to an obstruc-
tion of the small intestine; the constant occur-
rence of a mass in the right iliac fossa usually 
requires surgical intervention (resection). The ter-
minal ileum is alone involved. The process begins 
abruptly at and involves the ileocecal valve in its 
maximal intensity, tapering off gradually as it 
ascends the ileum orally for from 8 to 12 inches 
(20 to 30 cm). The familiar fi stulas lead usually to 
segments of the colon, forming small tracts com-
municating with the lumen of the large intestine; 
occasionally the abdominal wall, anteriorly, is the 
site of one or more of these fi stulous tracts.” 

 Studies evaluating the course of the disease 
have produced different results according to the 
adopted methodology. Unselected inception 
cohort studies are the best ones on which we rely 
[ 2 – 5 ], in order to avoid the selection bias from 
referral centers, where patients with more severe 
disease are usually included. The classical biases 
of prognostic studies are: (1) prevalence- 
incidence bias, (2) lead time bias, and (3) length 
time bias, according to Sackett et al. [ 6 ]. The 
quality of the studies of prognosis depends on: 
the presence of inception cohort, the correct 
description of referral pattern, a complete follow-
 up, and the presence of objective and well- 
assessed outcome criteria (blind). 

 In Table  4.1  the main unselected population- 
based cohorts in studies on prognosis of adult 
Crohn’s disease patients, used for this chapter, 
were summarized.

   After the introduction of effective medical 
therapy (steroids, immunosuppressors, and bio-
logics), it is incorrect to use the term natural his-
tory, whereas this term can be applied, for the 
short-term course, to the placebo arm of  controlled 
clinical trials and, for long-term course, to the 
studies performed before the introduction of 
these therapies. The “new therapies,” introduced 
in the last two decades, are very effective in keep-
ing down CD activity, but their real effect on the 
course of disease is mostly unknown. The main 
events during the course of disease are activ-
ity, remission, relapse,  obstruction,  fi stulizing, 
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 surgical resection, recurrence after surgery, can-
cer, and death. 

4.1     Activity and Remission 

 In observational studies of chronic course dis-
eases, the calculation of activity indices is not 
easy. There is not a well-established activity clas-
sifi cation system. In a study from Olmsted 
County, remission was assumed in absence of 
symptoms without treatment; mild disease was 
assumed in absence of symptoms under treat-
ment with 5-aminosalicylates (5-ASA), antibi-
otic, or topical therapy; severe disease was 
reserved to the responsive forms to oral cortico-
steroids (CS) or immunosuppressive medications 
(IM); patients under oral (CS) or IM therapy last-
ing more than 6 months were considered drug- 
dependent or drug-refractory, in absence of 
documented improvement within 2 months for 
corticosteroids or within 3 months for immuno-
suppressive medication [ 21 ]. In a study from the 
Copenhagen cohort, low activity was defi ned as a 
number of bowel movements not exceeding four, 
without blood and systemic symptoms; high 
activity was assumed in presence of systemic 
symptoms; moderate activity was attributed to 
the other cases. In the same reports by the 
Copenhagen group, the disease course is classi-
fi ed as inactive in absence of bowel symptoms 
during 1 year, intermittent in all cases of occur-

rence of at least 1 month symptom-free without 
therapy, and continuous for symptomatic disease 
without intervals during 1 year [ 22 ]. 

 In another tertiary clinical French database, a 
panel of IBD experts was interviewed to estab-
lish the most relevant criteria for discriminating a 
severe from a mild-to-moderate CD course. The 
following criteria were proposed: (1) number of 
years with active disease, (2) chronic, disabling 
extraintestinal manifestations, (3) number of 
intestinal surgeries, (4) disabling perianal disease, 
(5) number of perianal surgical procedures, (6) 
requirement for a temporary or permanent stoma, 
and (7) death related to CD or complications of 
CD or complications of CD treatment [ 7 ]. 

 This heterogeneity is the reason of the objec-
tive diffi culty to perform comparative studies of 
course of CD. 

 Despite all these limits, a more benign course 
of CD seems to emerge from data produced using 
inception cohort. As shown by Munkholm et al. 
in a Copenhagen cohort of 373 patients, after 7 
years, about 55 % of patients were in remission, 
whereas 15 % had low activity and 30 % had high 
activity, indicating that mostly the course of dis-
ease is favorable (Fig.  4.1 ); the probability of a 
continuously active course was 5 % after 5 years, 
while considering a period of 5 years only a quar-
ter of patients were active, about 20 % were con-
versely inactive, and the remaining patients 
experience fl uctuating symptoms, often infl u-
enced by medical treatments (Fig.  4.2 ).

   Table 4.1    Unselected inception cohort in studies on prognosis of adult Crohn’s disease patients   

 Region  N° CD patients  Follow-up  Inception period  Reference 

 Olmsted County, USA  278  Retrospective  1940–1993  [ 4 ,  21 ,  29 ] 

 Stockholm, Sweden  1251  Retrospective  1955–1984  [ 9 ] 

 Uppsala, Sweden  1469  Retrospective  1965–1983  [ 10 ] 

 Leicester, UK  610  Retrospective  1972–1989  [ 63 ] 

 Florence, Italy  231  Retrospective  1978–1992  [ 5 ,  14 ] 

 Cardiff, UK  341  Retrospective  1986–2003  [ 30 ,  64 ] 

 Copenhagen, Denmark  373  Prospective  1962–1987  [ 2 ,  3 ,  22 ] 

 IBSEN, Norway  232  Prospective  1990–1993  [ 23 ] 

 UK  5640  Prospective  1989–2010  [ 13 ] 

 Copenhagen, Denmark  231  Prospective  2003–2004  [ 32 ] 

 Veszprem, Hungary  506  Retrospective-prospective  1977–2008  [ 8 ,  19 ] 

 SIBDCS, Switzerland  1137  Retrospective-prospective  2006–onward  [ 48 ] 

A. Affronti et al.

gianfranco.cocorullo@unipa.it



33

    This observation is confi rmed in almost all the 
studies based on unselected inception cohort. 

 Data from Olmsted County had shown that, 
using the Markov model [ 15 ], a presumed patient 
spent most time in remission or mild disease 
(53 %) and only 8 % of the time in severe disease 
or surgery (Fig.  4.3 ).

   In the IBSEN cohort more than 60 % of 
patients were in clinical remission after 10 years 
of follow-up [ 23 ]. 

 This trend is also confi rmed in some referral 
cohort. Recently in a study from a cohort of 600 
patients from Paris, the percentage of patient- 
years with inactive disease was signifi cantly 
higher than that of patient-years with hospitaliza-
tion and even more than that of patient-years with 
abdominal surgery [ 7 ].  

4.2     Early Crohn’s Disease 

 Early CD needs a dedicated discussion, because 
of its relevance in clinical practice and in 
research. Studies of referral centers and pop-
ulation-based studies have shown that about 
one-fi fth of patients already have evidence of a 
stricturing or penetrating intestinal complica-
tion at diagnosis. From one of the most exten-
sive clinical course studies in children with CD 
[ 24 ], based on an IBD registry in northwestern 
France (404 children with median follow-up 
time of 84 months), it emerges that childhood-
onset CD is characterized by widespread extent, 
frequent evolution toward more complicated 
forms, and early prescription of corticosteroids 
(CS);  furthermore the cumulative risk for the 
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fi rst intestinal resection is approximately 34 % at 
5 years from diagnosis. 

 Our efforts are directed at early detection of 
disease to perform effective intervention before 
the onset of bowel damage (stricture, fi stula, 
abscess). Also in clinical research settings, the 
development of new therapeutic strategies to 
implement the early treatment of CD patients is 
now a relevant target. 

 According to Laurent Peyrin-Biroulet et al. 
[ 16 ], an early CD meets the following criteria:

    1.    Crohn’s disease activity index (CDAI) >220   
   2.    C-reactive protein >10 mg/l or signifi cant 

endoscopic (large coalescent and deep ulcer-
ations covering more than 10 % of the muco-
sal area of at least one segment of the 
colorectum) or radiological evidence (com-
puted tomography [CT] or magnetic reso-
nance imaging [MRI] bowel enhancement) of 
disease activity or positive fecal markers   

   3.    No limit of age (both pediatric and adult 
patients can be included)   

   4.    No previous or current use of immunomodu-
lators (azathioprine, 6-mercaptopurine, 
metho trexate), biologics, and corticosteroids 
(previously steroid-dependent with oral steroids 
or any treatment with intravenous steroids)   

   5.    No fi stula (including perianal fi stulas), 
abscess, and stricture (wall thickening and 
luminal narrowing with prestenotic dilatation 
defi ned as a diameter greater than the normal 
diameter of the small bowel or colon) on CT 
or MRI   

   6.    No history of CD-related surgery (minor or 
major surgical procedures, no history of endo-
scopic balloon dilation of a stricture)   

   7.    No impaired GI functioning: normal fecal 
continence, no previous or current use of oral 
or parenteral substitution (vitamins, miner-
als), and no enteral or parenteral nutrition 
since diagnosis   

   8.    Disease duration less than 2 years    

  If early treatment has an impact on the course 
of the disease, it is not fully understood, because 
of the general lack of long-term data. From the 
D’Haens trial [ 25 ] and from the subgroup analy-
sis of the placebo-controlled CHARM trial [ 26 ], 
early treated patients were less likely to have 
mucosal ulceration after 2 years of treatment, and 
increased remission rates were observed in those 
patients with disease duration <2 years. Data col-
lected by Abraham et al., from a cohort of veter-
ans with CD, suggest that early treatment could 
prevent the fi brosis development with a reduction 
of the rate of surgery [ 27 ]. However only pro-
spective population-based studies comparing 
early vs. late treatment could give an answer to 
this question. Of course these studies are diffi cult 
to carry out.  

4.3     Surgery 

 In the course of CD, surgery could be necessary 
if some complications occur, such as strictures, 
fi stulas, and intra-abdominal abscesses. Over the 

  Fig. 4.3    Identifi cation of the 
main disease states and 
probability of each of them 
over time (Markov model 
analysis). Reprinted from 
Silverstein et al. [ 21 ]       
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disease course the majority of patients undergo sur-
gery. In the Swedish and Danish cohort, the cumu-
lative rates of surgery after 10 years were 83 % and 
61 %, respectively; in the Copenhagen cohort 35 % 
of patients were operated in the fi rst year. 

 Now in the era of rapidly evolving treatments, 
it is important to evaluate the surgical risk trend. 
In a recent systematic review of 30 population- 
based studies, diagnosed from 1955 to 2011, the 
authors concluded that the risk of surgery had 
decreased over time at 1, 5, and 10 years after 
diagnosis [ 28 ]. 

 These data are consistent with the majority of 
evidences produced in recent studies in which a 
reduction in surgical rates was observed, even if 
contrary data were also not lacking. For example, 
the cumulative probability of fi rst major abdomi-
nal surgery from time of diagnosis remained sta-
ble over time, without any evidence of treatment 
benefi t in Olmsted County [ 29 ]. 

 The most debated question is the role of the 
introduction of immunomodulators in reducing 
the risk of surgery, since the reduction of surgical 
rates has coincided with the increased and earlier 
use of IM and biologics. 

 In the Cardiff [ 30 ] and West Hungary cohorts 
[ 8 ], the increased and earlier use of thiopurine 
was an independent factor infl uencing the likeli-
hood of surgery. In a prospective UK population- 
based cohort [ 13 ], patients treated with 6 months 
of IM therapy had a 44 % reduction in the risk of 
surgery (hazards ratio (HR): 0.56; 95 % confi -
dence interval (CI): 0.37–0.85), and those receiv-
ing 12 months of thiopurine therapy had a 69 % 
reduction in the risk of surgery (HR: 0.31; 95 % 
CI: 0.22–0.44). Early treatment showed no addi-
tional benefi t in reducing risk of surgery. Recently 
data were published from a Danish nationwide 
cohort study [ 19 ]. In this inception cohort of 
adult with IBD, 13,185 patients with CD, diag-
nosed during 1979-2011, were selected. Four 
cohorts were created according to the era of diag-
nosis. The authors found an increasing use of 
azathioprine (AZA) and tumor necrosis factor- 
alpha blockers (anti-TNF-α) in the more recent 
cohorts, together with a decreased use of 5-ASA 
and oral CS. The use of biologic agents and IM in 
the fi rst 4 years from diagnosis was signifi cantly 
higher, whereas the use of oral CS was lower. 

Likewise the cumulative probability of undergo-
ing fi rst major surgery was lowest in the most 
recent cohorts within the fi rst year and 5th and 
9th years after diagnosis, and the same signifi cant 
decrease in surgery over time was observed for 
minor surgery (intra-abdominal fi stulas or peri-
anal complication). 

 In a tertiary unit-referred patient cohort from 
France [ 17 ], the percentage of patients who were 
operated on during the fi rst 3 months remained 
less than 5 %. After the fi rst 3 months, the opera-
tive rate (number of operations performed per 
year) fl uctuated within a narrow range (3.3–7.5 %), 
without any signifi cant change over 26 years. In a 
Spanish study, a comparison between two referred 
cohorts, one selected before and another after the 
introduction of infl iximab (IFX), did not show a 
reduction of surgical requirements [ 31 ]. 

 How much the introduction of immunomodu-
lators and anti-TNF-α has changed the course of 
disease still remains debated, despite all the eco-
nomic and scientifi c efforts that have been made 
over the years in clinical and basic research. In 
the Paris referral cohort, abovementioned, an 
increased trend of use of anti-TNF-α and IM was 
observed in mild-to-moderate diseases and in 
severe diseases, together with an increased pro-
portion of untreated patients over time, mostly in 
the more recent years and in the mild-to- moderate 
forms. The authors concluded that despite the 
proportion of patients under immunosuppres-
sants (comprising steroids and anti-TNF) that 
had not changed over the years, the percentage of 
patients with active disease was decreased both 
in mild-to-moderate forms and in severe forms. 
This led the authors to conclude that the decrease 
in disease activity, especially in moderate CD, 
observed over time, was not related to the treat-
ment regimen. 

 In a prospective inception cohort from 
Copenhagen [ 32 ] (inception period between 
2003 and 2004), it was not possible to infer that 
biologics have reduced signifi cantly the risk of 
surgery. This study is very relevant because, dif-
ferently from the other upper mentioned, it is the 
only one in which the use of biologics was pos-
sible from the beginning of enrollment. The 
authors found a 7-year cumulative risk of anti- 
TNF- α treatment of 23.3 %. 
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 Historically a high rate of response to placebo 
has been shown in randomized controlled trials 
(RCT) on IBD, with a signifi cant heterogeneity 
among the studies, ranging between rates near 
zero and thirty percent [ 33 ]. This observation 
might suggest that the course of the disease is not 
always infl uenced by therapies, whereas it could 
spontaneously switch between periods of activity 
and inactivity. However in most of the trials there 
was a lack of disease activity-based eligibility 
criteria. This omission had led to the inclusion of 
patients with minimal disease activity, in whom it 
is diffi cult to assess the benefi t of treatment. 
Moreover primary end points for induction trials 
were often clinical response or improvement, and 
a wide variety of non-validated instruments to 
assess disease activity were used. 

 Summarizing according to the advances in 
treatment, there is a lower use of aminosalicy-
lates and topical treatment, the time to exposure 
to steroids tends to be reduced, and concurrently 
the use of thiopurines and anti-TNF has grown. 
However, no convincing surgery-sparing effect of 
newer medications can be defi nitively assessed. 
Other factors might affect the risk of surgery over 
time: new therapies, change in diagnostic 
approach (availability of CT and MRI), advance 
in surgery techniques, increasing use of endos-
copy, and the reduction of exposure to harmful 
substances (smoking, etc.). An interesting issue 
is the rapid evolution of surgical techniques, for 
example, laparoscopic surgery. Limited resec-
tions were more widely used than in the past, 
with an increased use of this surgical technique, 
in more selected patients. This approach has con-
tributed to maintain stable the rates of surgery 
over time. 

 Only long-term data from prospective 
unselected inception cohort could give more defi -
nite answers.  

4.4     Relapse and Recurrence 
After Surgery 

 After a complete resection there is a high rate 
of endoscopic recurrence. In a meta-analysis of 
placebo arm of studies on prevention therapy of 

endoscopic recurrence [ 18 ], the pooled data of 
severe endoscopic recurrence was 50 %, meaning, 
according to the Rutgeerts’ study [ 34 ], that this 
population will be affected by clinical symptoms 
within a short time. A recent multicenter study 
by Orlando et al. [ 35 ] has shown that even after 6 
months there is a 62 % rate of severe endoscopic 
recurrence. Many variables have been associated 
with risk of recurrence: smoking, site, extent and 
pattern of disease, type of anastomosis, disease 
duration, and extraintestinal manifestation, but 
with discordant results among the studies. 

 Many drugs have been evaluated for preven-
tion of endoscopic recurrence. Mesalazine and 
metronidazole seem to have a marginal role [ 36 , 
 37 ], whereas it seems that biologics therapy 
infl uences signifi cantly the rate of recurrence 
[ 38 ,  39 ].  

4.5     Predictors 

 The classifi cation of CD in different phenotypes 
is useful to predict the clinical course. According 
to the Vienna classifi cation system [ 40 ], CD 
could be classifi ed, based on:

•    Location: L1 (terminal ileum), L2 (colon), L3 
(ileocolon), and L4 (upper gastrointestinal)  

•   Behavior: B1 (non-stricturing, non- 
penetrating), B2 (stricturing), and B3 
(penetrating)  

•   Age at diagnosis: A1 (below 40 years) and A2 
(above 40 years)    

 The Montreal statement provided the addic-
tion of the perianal disease as a modifi er [ 41 ]. 

 Disease location at diagnosis is relatively 
homogeneous and quite stable, with the excep-
tion of the reported variance in the frequency of 
upper gastrointestinal location, comparing pedi-
atric- and adult-onset populations. Data from the 
population-based cohorts suggest that 20–30 % 
of patients have an L1, the percentages of L2 and 
L3 range between 30 and 45 % and 20 and 35 %, 
respectively, and 2 % have an L4, correlated with 
a worsened prognosis. The extent of disease is 
also a negative predictor. 
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 The clinical features of CD change over time 
with a decreasing frequency of infl ammatory dis-
ease behavior and an increasing frequency of 
stricturing and/or penetrating disease behavior. 
In the Veszprem cohort [ 19 ] at 7 years, the risk of 
progression to more complicated forms was 
25 %. In a Mayo Clinic study, 81.4 % had non- 
stricturing, non-penetrating disease, 4.6 % had 
stricturing disease, and 14.0 % had penetrating 
disease at diagnosis. The cumulative risk of 
developing either complication in the Mayo 
cohort was 18.6 % at 90 days, 22.0 % at 1 year, 
33.7 % at 5 years, and 50.8 % at 20 years after 
diagnosis [ 42 ]. In a noteworthy study by Cosnes 
et al., up to 70 % of CD patients developed either 
penetrating or stricturing disease during the 
course of the disease (Fig.  4.4 ). During the fi rst 
10 years, 27 % of patients had a change in disease 
behavior from non-stricturing, non-penetrating to 
structuring disease, while 30 % developed pene-
trating phenotypes [ 44 ].

   Pediatric onset has been associated with a 
more complicated course: high prevalence of 
upper forms, high cumulative risk of use of 
immunosuppressors, and increased frequency of 
active periods, but it is not defi nitively clear if 
there is also a higher risk of surgery over time 
[ 25 ,  43 ,  45 ,  46 ]. 

 In a landmark study by Beaugerie et al. [ 47 ], 
factors predictive of disabling CD course during 
a 5-year period following the diagnosis were 

 analyzed in a prospective-retrospective referral 
cohort. Among 1123 patients the rate of disabling 
disease was 85.2 %. At the multivariate analysis 
independent factors present at diagnosis, signifi -
cantly associated with subsequent 5-year dis-
abling course, were the initial requirement for 
steroid use, an age below 40 years, and the pres-
ence of perianal disease. 

 This study is particularly relevant because the 
early identifi cation of patients at increased risk of 
developing a severe disease could help clinicians 
to identify patients that would benefi t more from 
an aggressive treatment, limiting the side effects 
of therapies. 

 Furthermore the length of diagnostic delay is 
another negative predictor. Data reported from 
the IBD Swiss cohort [ 48 ] showed that the length 
of diagnostic delay was positively correlated with 
the occurrence of bowel stenosis and intestinal 
surgery in a cohort of about 1000 CD patients, 
stratifi ed into four groups according to the quar-
tiles of diagnostic delay. 

 The younger age at diagnosis is a predictor of 
worsened prognosis, whereas the older age at 
diagnosis seems to be a predictor of favorable 
course of disease [ 49 ], even if older IBD patients 
might have a higher morbidity and mortality than 
younger if they underwent hospitalization. In a 
Wisconsin cross-sectional study, patients older 
than 65 years with an IBD-related hospitalization 
in 2004, even after adjusting for comorbidity, had 

  Fig. 4.4    Long-term evolution 
of disease behavior in CD [ 43 ]       
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higher in-hospital mortality. Older patients with 
fi stulizing disease are more likely to undergo sur-
gery. Among IBD patients who underwent sur-
gery, older patients also had a longer postoperative 
stay [ 20 ]. 

 Another well-known negative prognostic fac-
tor is smoking. Smokers are at risk of having a 
disease with more exacerbations. In a French 
study of 622 consecutive inpatients, the number 
of fl are-ups was signifi cantly higher in smoking 
patients than nonsmoking; the former smokers 
had the same risk of nonsmokers [ 50 ]. In an 
Italian series of 182 patients who underwent sur-
gery for CD, smoking was independently associ-
ated with the risk of clinical, endoscopic, and 
surgical recurrence; the presence of extraintesti-
nal manifestations and the extent of disease were 
other independent factors [ 51 ]. 

 A great number of genetic factors have been 
associated as possible predictors of different 
courses of disease, but despite a high number of 
genes, associated with CD, that were identifi ed 
[ 52 ], none of these have emerged as a real pre-
dictor of worse course [ 53 ].  

4.6     Risk of Malignancies 

 The real risk of intestinal malignancies in CD is 
also debated. Although in the past IBD were con-
sidered at higher risk of developing cancer [ 54 , 
 55 ], some authors have suggested that the higher 
prevalence of intestinal cancer reported in the 
various studies on CD might depend mainly on a 
selection bias in the referral cohorts. In a land-
mark work by Jess et al. [ 56 ], a meta-analysis of 
six population-based cohort studies was carried 
out to evaluate the risk of colorectal cancer 
(CRC) and the risk of small bowel cancer. The 
study revealed an overall increased risk of both 
CRC and small bowel cancer among patients 
with CD; the risk of CRC in two of the six 
included studies was greater in patients with CD 
involving the colon than in patients with pure 
ileal CD. 

 The risk of cancer in patients using immuno-
suppressants is another debated issue, since in the 
posttransplant settings immunosuppressants are 

associated with a higher risk of cancer and recur-
rence of cancer in patients with a positive story 
[ 57 ]. Furthermore thiopurines have been shown 
to promote EBV-related lymphomas and nonmel-
anoma skin cancers in patients with IBD [ 58 ,  59 ]. 

 Recently a noteworthy study by Beaugerie 
et al. has shown an increased risk of malignancies 
in IBD patients [ 60 ]. In this study 19,500 patients 
were enrolled in a prospective referral cohort 
(CESAME), 400 of which had history of cancer. 
Authors found that patients with IBD with previ-
ous cancer had a doubled risk of new or recurrent 
cancer, compared with the risk of an incident fi rst 
cancer in patients without history of malignancy, 
whereas the exposure to immunosuppressors was 
not associated with new or recurrent cancer. In 
another study on the same population [ 61 ], the 
risk of lymphoproliferative disorders in IBD 
patients receiving thiopurines was fi ve times 
higher in patients exposed to thiopurines than in 
those never exposed to these drugs. Other inde-
pendent factors associated with risk of incident 
lymphoproliferative disorder were old age, male 
sex, and longer duration of infl ammatory bowel 
disease. 

 Even if it is less common, hepatosplenic T-cell 
lymphoma is not less important. It has been asso-
ciated with use of combination therapies (anti-
TNF- α + IM), especially in young males [ 62 ].  

4.7     Mortality 

 Data on mortality in CD range between a wide-
ness of values. The standardized mortality ratios 
(SMR) for Crohn’s disease vary from 0.72 to 
more than 2.0 [ 63 ,  64 ]. Generally the excess risk 
of dying in CD as compared with the general 
population is different in referral cohorts and in 
population-based studies, because of the referral 
fi lter bias. In unselected cohorts an overall 
increased risk of dying is not always detectable; a 
very large sample size is needed to detect small 
differences. In Tables  4.2  and  4.3  SMR of 
population- based and referral cohorts were sum-
marized. Standardized mortality ratios are calcu-
lated as the ratio of deaths observed in a cohort to 
those expected in a group of the same size from 

A. Affronti et al.

gianfranco.cocorullo@unipa.it



39

the general population in the same area and stan-
dardized for age and sex of the individuals in the 
study cohort.

    In a recent meta-analysis, including 13 studies 
that were conducted within general and specialist 
health care settings and results from different 
countries, the risk of dying for patients with CD 
is over 50 % higher than would be expected for 
someone in the general population of the same 
age and sex [ 11 ]. Specialist centers had the high-
est combined SMR and community-based studies 
the lowest. 

 A signifi cant decrease in SMR of 1.9 % per 
year from 1955 to 1985 has been showed. The 
introduction of AZA (1970 in Europe), along 

with corticosteroids, coincides with the reduction 
seen in SMR. This meta-analysis has not shown a 
signifi cant impact on SMR of anti-TNF-α. The 
use of biologics agents has spread recently, so it 
is not defi nitively possible to assess their real 
long-term impact. 

 Interestingly authors noted no signifi cant 
increase in mortality with duration of disease, 
while an increased mortality risk was assessed 
for patients within 5 years from diagnosis. The 
major cause of death was surgical complications. 
Mortality was fi nally highest in patients diag-
nosed under 20 years old and women diagnosed 
before the age of 50 years. Smoking was associ-
ated with an excess mortality in the Florence 
cohort [ 14 ].  

    Conclusions 

•     Studies evaluating the course of the disease 
have produced different results according 
to the adopted methodology. Unselected 
inception cohort studies the best ones on 
which we rely in order to avoid the selec-
tion bias from referral centers.  

•   The main events during the course of the 
disease are activity, remission, relapse, 
obstruction, fi stulizing, surgical resection, 
cancer, and death.  

•   A more benign course of CD than expected 
seems to emerge from data produced using 
inception cohort. In the studies from the 
most important unselected population-
based cohorts, more than 50 % of patients 
were in remission after several years of dis-
ease, and only a few of the patients had 
high activity.  

•   The true impact of early treatment with 
immunomodulators on the course of the 
disease is not fully understood, because of 
the general lack of long-term data.  

•   Data from inception cohorts have shown a 
high risk of surgery, increasing over time 
(more than 60 % at 10 years), but in the last 
decades this trend has been being reduced. 
It is not defi nitively established if this 
reduction of surgical rates over time is cor-
related with an increased use of immuno-
modulators and biologic therapies.  

   Table 4.2    CD-related mortality from selected 
population- based cohorts was reported as standardized 
mortality ratios   

 Author  Site 
 N° of 
patients  SMR (95 % CI) 

 Jess [ 4 ]  Olmsted 
County, USA 

 314  1.2 (0.9–1.6) 

 Persson 
[ 9 ] 

 Stockholm, 
Sweden 

 1251  1.5 (1.3–1.7) 

 Jess [ 3 ]  Copenhagen, 
Denmark 

 374  1.3 (1.0–1.6) 

 Sjoberg  
[ 10 ] 

 Uppsala, 
Sweden 

 1469  1.6 (1.4–1.9) 

 Masala 
[ 14 ] 

 Florence, 
Italy 

 231  1.5 (1.1–2.1) 

 Card [ 65 ]  GPRD, UK  5960  1.7 (1.5–2.0) 

 Wolters 
[ 66 ] 

 Europe  371  1.9 (1.3–2.5) 

   Table 4.3    CD-related mortality from hospital-based 
cohorts was reported as standardized mortality ratios   

 Author  Site 
 N° of 
patients  SMR (95 % CI) 

 Prior [ 67 ]  Birmingham, 
UK 

 513  2 (1.8–2.19) 

 Weterman 
[ 68 ] 

 Leiden, 
Netherlands 

 659  2.23 
(1.75–2.85) 

 Cottone 
[ 69 ] 

 Palermo, 
Italy 

 531  0.97 (0.4–1.8) 

 Farrokhyar 
[ 70 ] 

 Southern 
England, UK 

 196  0.94 (0.59–1.4) 

 Uno [ 12 ]  Kyushu and 
Fukuoka, 
Japan 

 544  1.43 
(0.53–3.12) 
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•   The clinical features of CD change over 
time with a decreasing frequency of infl am-
matory disease behavior and an increasing 
frequency of stricturing and/or penetrating 
disease behavior. The main predictors of 
disabling course are the presence of L4, the 
extension of disease, pediatric onset, the 
initial requirement for steroid use at diag-
nosis, an age below 40 years at diagnosis, 
the presence of perianal disease at diagno-
sis, the length of diagnostic delay, and 
smoking habitus. Genetic factors have not 
been defi nitively correlated with prognosis. 
The older age at diagnosis seems to be a 
positive predictor.  

•   An increased risk of colorectal cancer and 
small bowel cancer has been described in 
CD. Patients receiving long-term thiopu-
rine are at higher risk of lymphoprolifera-
tive disorders (especially B-cell lymphoma) 
and nonmelanoma skin cancer. The less 
common hepatosplenic T-cell lymphoma 
has been associated with use of combina-
tion therapies (anti-TNF- α + IM), espe-
cially in young males.  

•   The risk of dying in a CD patient when 
compared with the general population is 
higher, even if in inception cohort studies 
the increased risk is not always detectable.        
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        Endoscopy plays a very important role in the 
management of Crohn’s disease (CD). 

 It is an extremely important diagnostic tool 
in the period of symptoms onset, allowing the 
evaluation of the activity and of the extent of 
the disease; moreover, it is very useful in fol-
low-up giving an evaluation of the response to 
the medical therapy, a detection of recurrences 
following surgery, and providing an oncologi-
cal screening [ 1 ]. 

 Several procedures like traditional colonos-
copy, single- and double-balloon enteroscopy, 
endocapsule examination, and endoscopic ultra-
sound are today available. 

 CD can be diagnosed with endoscopy by a 
skilled gastroenterologist in the setting of a sug-
gestive clinical presentation [ 2 ]. 

 The “European Crohn’s and Colitis 
Organization” (ECCO) guidelines recommend 
colonoscopy, including exploration of the last 
ileal loop, as the golden standard procedure to 
establish a diagnosis of CD since it allows per-
forming multiple biopsies of the small bowel, as 
well as of each colonic tract. 

 However, further investigations are needed to 
study each part of the bowel and to show the 
overall extension of the disease. 

 The detectable endoscopic lesions are 40 % in 
ileum/colon, 30 % only in the ileum, 20 % only in 
the colon, 5 % in the duodenum, and 5 % in the 
rectum [ 3 ]. 

 Bernell et al. [ 4 ] categorized CD on the basis 
of its localization in:

•    Orojejunal (oral till the Treitz’s ligament)  
•   Small bowel excluding terminal ileum (last 

30 cm.)  
•   Ileocecal (last 30 cm. of ileum with or without 

cecal involvement)  
•   Continuous ileocolic (continuous ileocolic 

involvement)  
•   Discontinuous ileocolic (both small and large 

bowel involvement but without continuous 
infl ammation in the ileocecal region)  

•   Colorectal (confi ned to the colon or to the rec-
tum or both)    

 The correct localization of CD and the evalu-
ation of its activity degree, obtained by the his-
tological examination of multiple biopsies, play 
an indispensable role in the right orientation of 
treatments and for the choice of medical or sur-
gical therapy. According to statistical data, the 
major role in the diagnosis of CD affords the 
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retrograde ileoscopy that has got an overall 
importance [ 5 ,  6 ]. 

 Colonoscopy can highlight areas involved by 
disease separated by normal colonic mucosa. The 
colonic disease is more present in the cecum- 
right colon, usually with rectal sparing. On the 
contrary, anal lesions can often occur. 

 Characteristic lesions are small aphthous 
ulcers (Fig.  5.1 ) that can form star ulcers and 
large linear or deep serpiginous ulcers; these can 
develop the cobblestone-like colonic mucosa 
aspect with deep ulcers interposed between areas 
of edematous mucosa [ 7 ].

   Endoscopic examination is also essential in 
the differential diagnosis of infl ammatory bowel 
disease (IBD) from other causes of colitis includ-
ing infectious and noninfectious conditions such 
as ischemic colitis, diverticulitis, solitary ulcer of 
the rectum, drug-induced colitis, and others. 
Moreover, it consents to distinguish between CD 
and the others IBD such as ulcerative colitis, 
indeterminate colitis, collagenase colitis, and 
lymphocytic colitis. 

 In ulcerative colitis (UC), the distribution of 
lesions is continuous, in contrast to CD where it 
is discontinuous and segmental; both show a fra-

gility of the mucosa; however, this is much more 
common in the UC in conjunction with 
 proctocolitis, too [ 8 ,  9 ]. Conversely, the involve-
ment of the terminal ileum is almost present in 
CD while is absent in UC. Another endoscopic 
sign of the CD is the characteristic cobblestone-
like aspect, absent in UC. 

 An endoscopic score system was developed 
which has a sensitivity of 92 % in differential 
diagnosis between CD and UC. A score >4 is 
suggestive for CD, while a score <4 is suggestive 
for the second one [ 8 ,  9 ]. Criteria are showed in 
Table  5.1 .

   Moreover, Rutgeerts proposed an endoscopic 
score system to assess ileal lesions in patients 
with diagnosis of CD. The score plays a very 
important role also with regard to the postsurgi-
cal recurrence detection, and it is used for the 
relapses classifi cation (Table  5.2 ) [ 10 ,  11 ].

   Endoscopic indexes were developed, also, to 
evaluate the ileocolonic CD activity; these are the 
“Crohn’s disease endoscopic index of severity” 

  Fig. 5.1    Aphthous ulcer       

   Table 5.1    Score for diagnosis of CD versus UC   

 1  Discontinuity of mucosal involvement  +55 

 2  Cobblestone-like lesions  +8 

 3  Aphthous/serpiginous/linear ulcers  +4 

 4  Large/deep ulcers  +4 

 5  Sparing of the rectum  +5 

 6  Anal lesions  +15 

 7  Continuous mucosal involvement  −2 

 8  Granularity  −3 

 9  Not visible vascular frame  −2 

 10  Erosions or micro-ulcers  −7 

 11  Rectal involvement  −2 

   Table 5.2    Rutgeerts’ score for ileal involvement   

 Grade 

 0  No lesions in terminal ileum 

 1  Less than fi ve aphthous lesions 

 2  More than fi ve aphthous lesions and normal 
mucosa between them or skip areas of larger 
lesions or lesions limited to the ileocolonic 
anastomosis 

 3  Diffuse aphthous ileitis with diffusely 
infl amed mucosa 

 4  Diffuse infl ammation with larger ulcers, 
nodules, and/or narrowing 
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(CDEIS) (Table  5.3 ) and the “simple endoscopic 
score for Crohn’s disease” (SES-CD) (Table  5.4 ).

    In these indexes, bowel is divided into fi ve 
segments that are evaluated individually and then 
collected. 

 SES-CD provides a numerical score (0–3) for 
four endoscopic parameters in each segment; 
these are size of ulcers, degree of ulcerated sur-
face, degree of affected surface, and presence of 
narrowing in the colon. The sum constitutes the 
SES-CD score. 

 However, the evaluation of bowel endoscopic 
lesions does not refl ect the systemic manifesta-
tion of symptomatic infl ammatory process. 

 Thus, endoscopic recurrences of CD, follow-
ing colectomy or ileocolectomy, occur in 
73–93 % of patients within 1 year, while clinical 
recurrences affect only 20 % of these patients. 

 Unfortunately, Rutgeerts score 3–4 is predictive 
of early recurrences of symptoms and development 
of complications in the next course of CD [ 2 ]. 

 For patients with a high suspicion of CD 
despite the negativity of the ileoscopy and/or of 

radiological examinations (CT or MR), the ECCO 
proposes, in the statement 2 I, the use of video-
capsule endoscopy (VCE) for the study of the 
entire small bowel (Fig.  5.2 ) [ 12 ]. Of course, this 

   Table 5.3    Scoring system for Crohn’s disease endoscopic index of severity (CDEIS)   

 Rectum  Sigmoid and left colon  Transverse colon  Right colon  Ileum  Total 

 Deep ulcerations (12 if present)  Total 1 

 Superfi cial ulcerations (12 if 
present) 

 Total 2 

 Surface involved by disease (cm)  Total 3 

 Surface involved by ulcerations 
(cm) 

 Total 4 

  Total 1 + Total 2 + Total 3 + Total 4 = Total A 
 Number of segments totally or partially explored =  n  
 Total A⁄ n  = Total B 
 If an ulcerated stenosis is present anywhere, add 3 = C 
 If a nonulcerated stenosis is present anywhere, add 3 = D 
 Total B + C + D = CDEIS  

   Table 5.4    Defi nitions of the simple endoscopic score for Crohn’s disease (SES-CD) variables   

 0  1  2  3 

 Presence of ulcers  None  Aphthous ulcers 
 (0.1–0.5 cm) 

 Large ulcers 
 (0.5–2 cm) 

 Very large ulcers 
(>2 cm) 

 Ulcerated surface  None  <10 %  10–30 %  >30 % 

 Affected surface  Unaffected segment  <50 %  50–75 %  >75 % 

 Presence of narrowings  None  Single, can be passed  Multiple, can be passed  Cannot be passed 

  Values are given to each variable for every examined bowel segment 
  SES - CD  sum of all variables for the fi ve bowel segments  

  Fig. 5.2    VCE in CD       
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is not the fi rst-line modality to assess the initial 
diagnosis of CD. This exam that is superior to the 
CT or RM in the diagnosis of bowel lesions needs 
the integration with radiological exams to evaluate 
the presence of even severe extra- luminal lesion 
[ 13 ]. VCE is indeed useful to determine the extent, 
severity, and recurrence following surgery and to 
evaluate the response to medical therapy of the 
disease; it has a high negative predictive level but 
a lower specifi city. The exam is contraindicated in 
patients with suspected gastrointestinal obstruc-
tion, strictures, or fi stulas and is relatively contra-
indicated when dysphagia, Zenker’s diverticulum, 
colonic diverticulosis, extensive Crohn’s enteritis, 
and prior pelvic or abdominal surgery occur [ 13 ].

   Double-balloon enteroscopy allows examin-
ing the entire small bowel mucosa. The exam is 
indicated for endoscopic examination and therapy 
following VCE fi ndings; it should be reserved to 
patients in whom the biopsy specimens from sus-
picious areas are important for the diagnosis, the 
technique is useful in cases needing a small bowel 
stricture dilatation too (Fig.  5.3 ) [ 12 ].

   In this regard, the ECCO guidelines propose 
endoscopic dilatation, as a therapeutic tool, in the 
conservative treatment of brief, mild to moderate 
strictures, as alternative to strictureplasty [ 14 ]. 
Some authors suggest that endoscopic dilatation 
has to be preferred to strictureplasty in short stric-
tures and in anastomotic stenosis [ 13 ]. Patients 
that have short (<8 cm) and localized strictures 
without active infl ammation at the site of stricture 

are the most suitable for endoscopic treatment. 
Endoscopic dilatation permits a deferral of sur-
gery of at least 3 years in cases of regular course 
of the procedure; however, some authors report a 
rate of perforation following endoscopic dilata-
tion up to 11 % needing emergency surgery [ 15 ]. 
So, dilatation should be performed only in pres-
ence of an available surgical team [ 13 ]. 

 Endoscopy plays a role, also, in the detection 
of the origin and in the treatment of acute gastro-
intestinal bleedings. Bleedings are often caused 
by an ulcer, mainly located in the left colon; these 
can be endoscopically treated with laser 
 coagulation or bipolar coagulation when medical 
therapy fails [ 2 ]. 

 The treatment of perianal abscesses and fi stu-
las takes advantages by transrectal endoscopic 
ultrasound (EUS) in association to MR. EUS 
with hydrogen peroxide as contrast medium and 
MRI with contrast medium have a diagnostic 
accuracy of 100 % in the evaluation of perianal 
abscesses and fi stulas [ 16 ], allowing to localize 
lesions that are not identifi ed and so probably 
untreated during surgical evaluation, guarantying 
so better outcomes. 

 Since it was found that infl ammatory bowel 
diseases have an increased risk (2–3 times higher 
than the general population) of developing neo-
plasms, endoscopy fi nds an important role in 
their detection, too [ 17 ]. The ASGE (American 
Society of Gastrointestinal Endoscopy) interna-
tional guidelines recommended biopsies as four- 
quadrant biopsies every 10 cm, with a minimum 
of 32 samples, during each colonoscopy. 

 Endoscopic surveillance should be done every 
3 years after 8–10 years of disease, every 2 years 
after 20 years of disease, and every year after 30 
years of disease [ 18 ]. 

 Any histological diagnoses of high-grade dys-
plasia or multifocal low-grade dysplasia fi nd a 
surgical indication [ 19 ].    
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      Medical Treatment of Perianal 
Crohn’s Disease                     

     Ambrogio     Orlando      ,     Sara     Renna     ,     Gaspare     Solina     , 
and     Mario     Cottone     

6.1            Epidemiology and Clinical 
Course of Perianal Crohn’s 
Disease 

 Crohn’s disease (CD) is characterised by a trans-
mural infl ammation of the bowel, which can lead 
to the development of fi stulas in 17–43 % of the 
cases [ 1 ,  2 ]. 

 It is possible to recognise four types of fi stu-
las: enterocutaneous, enteroenteric or entero-
colic, enterovaginal and enterovesicular. The 
cumulative risk for developing fi stulas is 33 % 
after 10 years and 50 % after 20 years from the 
diagnosis of CD [ 3 ]. Of these fi stulas, 54 % 
involve the perianal region [ 4 ]. Various classifi -
cations of perianal fi stulas have been proposed, 

where the anal sphincters are the reference point. 
From the surgical point of view, Parks’ classifi ca-
tion [ 5 ] is more descriptive, but it is too compli-
cated to use in routine practice. More empiric and 
easier classifi cations in simple and complex fi stu-
las have been proposed [ 6 ,  7 ]. 

 The presence of perianal disease is considered 
an independent factor predicting a disabling 
course of CD, and it has a negative impact on the 
quality of life [ 8 ]. Since these fi stulas often 
involve the anal sphincters, they can be a source 
of signifi cant morbidity, with an increased risk 
for incontinence in case of complex fi stulas, 
which may require an aggressive surgical 
intervention. 

 Based on a recent consensus [ 9 ], the best man-
agement of complex perianal CD fi stulas requires 
a multidisciplinary approach. Surgical drainage 
of sepsis is the fi rst-line therapy followed by 
medical treatment. Anti-TNFα is indicated as the 
fi rst-line medical treatment. Defi nitive surgical 
repair of fi stulas is only of consideration in the 
absence of luminal infl ammation. Proctectomy 
with permanent stoma is the last resort for severe, 
therapy refractory disease. 

 However, the management of the complex 
perianal Crohn’s fi stulas is challenging, and 
despite intensive medical and surgical treatment, 
a signifi cant percentage of patients will continue 
to have debilitating perianal symptoms. 
Furthermore, fi stulas frequently recur after dis-
continuation of treatment [ 10 ,  11 ]. 
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 In the presence of perianal disease, the choice 
of medical treatment, surgical treatment or both 
is determined by the severity of symptoms, the 
disease activity, the presence of proctitis and the 
type of fi stula. Patients with complex perianal 
disease must be treated with a multidisciplinary 
approach, involving the cooperation among dedi-
cated gastroenterologists and colorectal sur-
geons. The drainage of any local sepsis has to be 
considered the initial step before medical treat-
ment, because persisting fi stula tracts after pre-
mature skin closure are predisposed to sepsis 
worsening [ 12 ,  13 ]. Furthermore, combining the 
placement of non-cutting seton drainage with the 
subsequent medical treatment seems to achieve a 
better treatment response, reducing fi stula recur-
rence [ 14 ,  15 ]. Many studies evaluated the effi -
cacy of medical treatments, alone or in 
combination with surgical procedures, to improve 
the outcomes in this subgroup of CD patients. 
However, most of these studies are small, open 
label and considered the effi cacy on perianal CD 
as a second outcome or as the result of a post hoc 
analysis from controlled clinical trials [ 16 ]. 

 Few randomised controlled trials (RCTs) are 
available on treatments of perianal CD Table  6.1 , 
and in all of them, the effi cacy outcomes were 
evaluated by the Fistula Drainage Assessment. A 
fi stula was considered opened if the investigator 
can express purulent material from the fi stula 
with the application of gentle pressure. Fistula 
response was defi ned as closure of at least 50 % 
of fi stulas for at least 4 weeks. Complete fi stula 
closure was defi ned as closure of all fi stulas for at 
least 4 weeks. Recently, it was observed that 
infl amed fi stula tracts often persist, despite the 
apparent closure of external orifi ces, causing 
recurrent fi stulas and pelvic abscesses. Based on 
this observation, radiological outcomes, espe-
cially using MRI examination, have been consid-
ered with promising results. In presence of 
perianal disease, the choice of medical, surgical 
or a combination of both medical and surgical 
treatment is determined by the type of fi stula and 
the degree of rectal infl ammation. 

 Recently, the Italian guidelines [ 17 ] on the use 
of antitumour necrosis factor-α treatment 
(TNFα), in the case of complex perianal fi stulas 

anti- TNFα, should be considered as the fi rst 
choice of medical therapy, in combination with a 
preliminary surgical therapy. Surgical procedures 
should include a “cone-like” fi stulectomy of each 
fi stula tract with sparing of sphincteric structures 
and loose seton placement, which will be 
removed according with the subsequent therapy. 
Antibiotics and/or immunosuppressants should 
be used as a second-line medical treatment. 
These recommendations are quite different from 
those reported in the ECCO guidelines in which 
anti- TNFα agents are considered to be second-
line options after antibiotics and immunosup-
pressants. However, in the new ECCO guidelines 
that will be published soon, this statement should 
be revised [ 18 ]. 

 In this chapter, we analysed the literature evi-
dence in which the effi cacy of medical therapy 
and of the different drugs (antibiotics, immuno-
suppressants, tacrolimus and anti-TNF alpha) has 
been evaluated.  

6.2     Medical Therapy 

6.2.1     Antibiotics 

 Antibiotics have been used for the treatment of 
fi stulising CD for both their antiseptic and anti- 
infl ammatory properties. The most common used 
antibiotics are metronidazole, at the dosage of 
750–1000 mg daily, and ciprofl oxacin, at the dos-
age of 1000–1500 mg daily. Many studies, most 
of which open-label case series involving few 
patients, have been performed with only modest 
results [ 19 – 21 ]. 

 A RCT was presented comparing the effi cacy 
of ciprofl oxacin and metronidazole on perianal 
fi stulas [ 22 ]. Twenty-fi ve patients were ran-
domised to receive ciprofl oxacin (500 mg), met-
ronidazole (500 mg) or placebo twice daily for 10 
weeks. The primary outcome was considered the 
closure of all open actively draining fi stulas. The 
closure of a fi stula was defi ned as the absence of 
drainage, both spontaneous and on gentle com-
pression. The closure of all fi stulas at week 10 
occurred in 3 patients (30 %) treated with 
 ciprofl oxacin, no patients (0 %) treated with 
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 metronidazole, and 1 patient (12.5 %) treated 
with placebo ( p  = 0.41). This small study sug-
gested that remission occurred more often in 
patients treated with ciprofl oxacin, but the differ-
ences were not signifi cant. 

 Another RCT [ 23 ] was also conducted to eval-
uate the effect of combined ciprofl oxacin and inf-
liximab treatment in perianal CD. Twenty-four 

patients, treated with infl iximab (5 mg/kg) at 
weeks 6, 8 and 12, were randomly assigned to 
receive ciprofl oxacin (500 mg) twice daily or pla-
cebo for 12 weeks. The closure of perianal fi stula 
was defi ned as no drainage despite fi rm fi nger 
compression. At week 18, the response rate was 
73 % in the ciprofl oxacin group and 39 % in 
the placebo group ( p  = 0.12). Using logistic 

    Table 6.1    Results of the trials on fi stulising CD   

 Study  Drug  N° Patients  Follow-up 

 Rate of 
remission 
treated (%) 

 Rate of 
remission 
placebo (%)  Outcome defi nition 

 West 
2004 a  [ 23 ] 

 Ciprofl oxacin + infl iximab  24  18  73  39  No drainage despite 
fi nger compression 

 Thia 2009 
[ 22 ] 

 Ciprofl oxacin/
metronidazole 

 25  10  30/0  12.5  Absence of drainage, 
both spontaneous and 
on gentle compression 

 Sandborn 
2003 [ 26 ] 

 Tacrolimus  42  10  10  8  Absence of either 
spontaneous drainage 
or the ability to 
express drainage with 
gentle compression 

 Hart 2007 
[ 27 ] 

 Topical tacrolimus  19  12  0  0  Drainage cessation of 
all fi stulas, maintained 
until the end of the 
treatment period or 
for 2 consecutive 
visits 

 Present 
1999 [ 28 ] 

 Infl iximab  94  2–6  55  13  No drainage despite 
gentle fi nger 
compression 

 Sands 
2004 [ 12 ] 

 Infl iximab  306  54  36  19  Drainage cessation of 
all fi stulas, maintained 
until the end of the 
treatment period or 
for 2 consecutive 
visits 

 Colombel 
2007 b  [ 36 ] 

 Adalimumab  117  56  33  13  No drainage despite 
gentle fi nger 
compression 

 Dewint 
2014 c  [ 38 ] 

 Adalimumab ± ciprofl oxacin  76  24  71  47  At least 50 % 
reduction of number of 
draining fi stulas from 
baseline to week 12 

 Schreiber 
2011 d  [ 39 ] 

 Certolizumab pegol  58  26  36  17  Absence of drainage 
on gentle compression 
at any two 
consecutive visits 

   a Only response rate was considered 
  b Subgroup analysis of CHARM study 
  c After adalimumab induction therapy (160/80 mg week 0, 2), patients received 40 mg every other week together with 
ciprofl oxacin 500 mg or placebo twice daily for 12 weeks 
  d Subgroup analysis of PRECISE 2 study  
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 regression analysis, patients treated with cipro-
fl oxacin tended to respond better (OR = 2.37, 
 p  = 0.07). The use of logistic regression analysis 
in this type of study is methodologically 
questionable. 

 A limit of the antibiotic treatment is the 
adverse events commonly associated with the 
long-term therapy. They can include glossitis, 
nausea, sensory neuropathy, headache, diarrhoea 
and rash. 

 To avoid the systemic side effects of antibiotic 
treatment, the potential effi cacy of metronidazole 
10 % ointment has been evaluated in a RCT [ 24 ]. 
Seventy-four patients with perianal fi stulas were 
randomised to metronidazole ointment, applied 
perianally three times daily, or placebo ointment. 
At the end of the study, more subjects in the met-
ronidazole group showed a reduction in perianal 
discharge and in perianal pain, but a signifi cant 
difference with placebo was not showed. The 
authors concluded that topical treatment with 
metronidazole is well tolerated, with minimal 
adverse effects, and could be useful for the treat-
ment of the pain and discharge associated with 
perianal CD.  

6.2.2     Immunosuppressants 

 There are no controlled trials where the effi cacy 
of immunosuppressants in fi stulising CD was 
considered as a primary endpoint. The effi cacy of 
azathioprine (AZA) and 6-mercaptopurine (6MP) 
in this setting was analysed in several trials where 
the treatment of perianal disease was considered 
as a secondary endpoint. Because of the small 
sample size of these studies, a meta-analysis was 
conducted to have a more reliable result on the 
effi cacy of immunosuppressants in the treatment 
of perianal CD. 

 The meta-analysis of these trials [ 25 ] found 
that 54 % of patients with perianal disease who 
received AZA/6MP responded versus 21 % of 
patients who received placebo (odds ratio 4.44 
[CI, 1.50–13.20]). The limits of these studies 
were the small number of analysed patients 
and being not designed primarily to look at the 

effect of the treatment on perianal fi stulas but on 
active infl ammatory disease. The relatively low 
reported remission rates, with high recurrence 
rates, represent probably the reason for the lack 
of new trials focused on these drugs in favour of 
much more evidences on other new treatments 
like biologics.  

6.2.3     Tacrolimus 

 The effi cacy of tacrolimus in the treatment of 
perianal CD has been studied in few studies. In a 
RCT by Sandborn [ 26 ], patients with perianal fi s-
tulas were treated with tacrolimus (0.2 mg/kg 
daily) or placebo for 10 weeks. The fi stula clo-
sure was defi ned as the absence of either sponta-
neous drainage or the ability to express drainage 
with gentle compression. In the tacrolimus group, 
43 % of the patients reached the closure of at 
least 50 % of fi stulas for longer than 4 weeks, 
compared with 8 % of the patients treated with 
placebo ( p  = 0.004). Complete fi stula closure, 
however, was only achieved in 10 % of the 
patients who received tacrolimus. The authors 
observed that fi stula closure was not affected by 
the concomitant immunosuppressive therapy 
with AZA/6MP (38 % closure with therapy vs 
50 % without). 

 Despite the encouraging results, a limit of the 
treatment with tacrolimus is represented by the 
high rate of adverse events, including headache, 
insomnia, elevated creatinine, paraesthesia and 
tremor. 

 To avoid these systemic adverse events, the 
effi cacy of a treatment with topical tacrolimus was 
investigated in a RCT [ 27 ]. Nineteen patients were 
stratifi ed according to whether they had ulcerating 
(7 patients) or fi stulising (12 patients) disease and 
randomised to topical tacrolimus (1 g ointment 
twice a day) or placebo for 12 weeks. In the sub-
group of patients with fi stulising CD, the complete 
response was defi ned as clinically evaluated ces-
sation of drainage of all fi stulas,  maintained until 
the end of the treatment period or for 2 consecutive 
visits. At the end of the study, 3 of the 4 patients 
treated with topical tacrolimus for ulcerating 
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disease improved, compared with none of the 3 
patients in the placebo group, but a complete heal-
ing was not achieved. In fi stulising disease, topical 
tacrolimus resulted to be not effective. 

 Adverse events were infrequent and mild. The 
results of this study suggest that topical tacrolimus 
could be effective and safe in the treatment of peri-
anal ulcerating CD, but not of fi stulising CD.  

6.2.4     Anti-TNF Alpha 

6.2.4.1     Infl iximab 
 Infl iximab has been proven to be effi cacious in 
the treatment of fi stulas in patients with CD. The 
fi rst evidence on its effi cacy comes from a trial 
published in 1999 [ 28 ]. In this study, 94 patients 
with fi stulising CD (85 of whom with perianal 
fi stulas) were randomly assigned to receive inf-
liximab or placebo at weeks 0, 2 and 6. A fi stula 
was considered to be closed when it no longer 
drained despite gentle fi nger compression. At the 
end of the study, 55 % of the patients assigned to 
5 mg/kg of infl iximab had a closure of all fi stulas, 
compared with 13 % of the patients assigned to 
placebo. 

 Some years later, a controlled trial 
(ACCENT II) [ 12 ] demonstrated the superiority 
of infl iximab (36 %) compared with placebo 
(19 %) in maintaining a long-term healing of fi s-
tulas. In this study, the response was defi ned as a 
reduction of at least 50 % from baseline in the 
number of draining fi stulas at consecutive visits 
four or more weeks apart. A complete response 
was defi ned as the absence of draining fi stulas. 

 It is important to underline that in these two 
large trials, 11 and 15 % of the treated patients 
developed abscesses related to their fi stulas dur-
ing the study, probably because of an early clo-
sure of the cutaneous opening of the fi stula tract. 
To minimise this complication, a combined sur-
gical and medical treatment was proposed. Some 
small studies [ 13 ,  29 – 32 ] reported a better 
response (from 47 to 100 %), a lower recurrence 
and a longer time to recurrence rates in patients 
who had placed a seton prior to infl iximab 
 infusions compared with patients receiving 

 infl iximab alone. The more recent trials focused 
on the effi cacy of this combined treatment. 

 Data from an Italian multicentric open study 
including 573 patients with luminal refractory 
CD (312 patients) or with fi stulising disease (190 
patients) or both of them (71 patients) treated 
with infl iximab, the global response of perianal 
fi stulas was 76 % (143 out of 188), whereas 
abdominal and rectovaginal fi stulae showed 
a global response to infl iximab in 63 % of the 
patients (44 out of 70); no variable was related to 
response [ 33 ]. 

 Recently, another prospective Italian study 
[ 34 ] was conducted to compare the outcomes of 
the management of perianal fi stulas in CD 
between infl iximab, surgery or a combination of 
surgery and infl iximab. Thirty-four patients with 
complex perianal fi stulas were included into 1 of 
the following 3 treatment groups: infl iximab (11 
patients), surgery (10 patients) or a combination 
of surgery and postoperative infl iximab (14 
patients). Patients who received surgery and inf-
liximab experienced a shorter time to healing of 
fi stulas and a longer mean time to relapse com-
pared to those who received infl iximab or surgery 
alone. This is the only RCT in which the combi-
nation therapy (medical + surgical) was compared 
with the classic approach (medical or surgical). 

 A recent retrospective study [ 35 ] evaluated 
156 patients treated with infl iximab for fi stulising 
perianal CD. Of these patients, 128 had a com-
plex fi stula, but only 98 of them (76 %) were 
treated with seton placement. The fi nal results 
showed that about 65 % of patients reached fi s-
tula closure at 2 years, but the number of patients 
healed from a complex perianal disease was not 
reported. 

 Although the initial response to infl iximab 
resulted to be very good, the median duration of 
fi stula closure is approximately 3 months, and 
repeated IV infusions are often required. 
However, it is known that after discontinuation of 
infl iximab therapy, most fi stulas recurred. Which 
is the best maintaining treatment for fi stulising 
CD after infl iximab and what is the best time to 
stop the treatment is up to now a question. New 
trials focused on these topics are warranted.  
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6.2.4.2     Adalimumab 
 The fi rst data on the effi cacy of adalimumab in 
the treatment of perianal CD come from a sub-
group analysis of a large trial [ 36 ] in which 117 
patients with perianal disease were treated with 
adalimumab at the induction dosage of 80/40 mg 
at weeks 0/2 and then randomised to placebo, 
adalimumab every other week or adalimumab 
every week. The closure of fi stulas was assessed 
draining upon gentle compression. Complete fi s-
tula closure was achieved in a greater percentage 
of adalimumab treated patients versus those 
receiving placebo at both week 26 (30 and 13 % 
for combined adalimumab groups and placebo 
group, respectively) and week 56 (33 and 13 % 
for combined adalimumab and placebo group, 
respectively). Of patients with complete fi stula, 
closure at week 26, 100 % continued to have a 
complete fi stula closure at week 56. 

 To evaluate the long-term effi cacy of adalim-
umab in the healing of draining fi stulas, the 
patients completing week 56 were then enrolled 
in an open-label extension [ 37 ]. Of all patients 
with healed fi stulas at week 56, 90 % maintained 
healing after 1 year of open-label adalimumab 
therapy. The authors concluded that adalimumab 
therapy is not only effective for inducing fi stula 
healing, but a complete fi stula healing is sus-
tained for up to 2 years by most patients. 

 In the recent RCT (ADAFI) [ 38 ] planned on 
patients with perianal disease treated with bio-
logics (± ciprofl oxacin), the fi stula closure rate at 
24 weeks was 33 % (12 out of 36) in those treated 
with adalimumab and 53 % (18 out of 34) in 
those treated with adalimumab plus ciprofl oxa-
cin, but this difference was not signifi cant 
( p  = 0.098). Similarly, nonsignifi cant differences 
between the two groups were observed at week 
24 considering both 50 and 100 % reduction of 
the number of draining fi stulas. The primary out-
come of the study was the “at least 50 % reduc-
tion of number of draining fi stulas from baseline 
to week 12.” Both response and remission rates 
resulted signifi cantly higher in the adalimumab 
plus ciprofl oxacin group in respect of the adalim-
umab group with the following p values: 
 p  = 0.047 in the intention to treat analysis (71 % 
vs 47 %) and  p  = 0.0498 in the per-protocol 

 analysis (75 % vs 51.5 %), considering the 
response to treatment, and  p  = 0.009 in the inten-
tion to treat analysis (65 % vs 33 %) and 
 p  = 0.009 in the per- protocol analysis (69 % vs 
36 %), considering the overall remission. In this 
trial, the number of patients with complex peri-
anal disease was not reported; about 20 % of 
patients were treated with seton placement pre-
suming that the number of patients with complex 
perianal disease was low. 

 The available data on the effi cacy of adalim-
umab in fi stulising CD are still insuffi cient 
because they come from post hoc analyses of 
RCTs, and in the ADAFI trial, the patients with 
complex perianal disease was not specifi ed, and 
at 24 weeks no difference in clinical between the 
two treatment group was observed ( p  = 0.02). 
New RCTs where closure of fi stulas will be the 
major endpoint are warranted.  

6.2.4.3     Certolizumab Pegol 
 Certolizumab pegol was approved for the treat-
ment of CD in America and in Switzerland, but 
not in the other European countries. Data on its 
effi cacy in the treatment of perianal CD come 
from subgroup analysis of large trials. Studies 
focused on the effi cacy of this drug in perianal 
CD are not available. In a subgroup analysis of 
the PRECISE 2 trial [ 39 ], the effi cacy of main-
taining treatment with certolizumab pegol in fi s-
tulising CD was evaluated. In the PRECISE 2 
trial, patients with draining fi stulas had received 
an open-label induction with certolizumab pegol 
400 mg at weeks 0, 2 and 4. At week 6, respond-
ers with draining fi stulas had been randomised to 
certolizumab pegol 400 mg or placebo every 4 
weeks. Fistula closure was defi ned as the absence 
of drainage on gentle compression at any two 
consecutive visits. At week 26, 36 % of patients 
in the certolizumab pegol group had 100 % of fi s-
tula closure compared with 17 % of patients in 
the placebo group ( p  = 0.038). 

 A prospective phase IV study [ 40 ] evaluating the 
effi cacy and safety of certolizumab pegol in a multi-
centre cohort of CD patients was recently published. 
Sixty patients were included, 53 % of whom had 
stricturing or penetrating disease. In the subgroup of 
patients with perianal disease, a complete fi stula 
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closure was observed in 36 % of patients at week 6 
and in 55 % of patients at week 26. These results are 
promising but not still suffi cient to consider certoli-
zumab pegol a good treatment for perianal CD. New 
RCTs are warranted. 

 The results of RCTs are reported in Table  6.1 .

6.3          Miscellaneous 

 In some small open-label studies, the effi cacy of 
other drugs has been analysed. For example, 
patients treated with thalidomide demonstrated a 
signifi cant improvement on their perianal disease 
in short-term follow-up, but the long-term treat-
ment is limited by its toxicity [ 41 – 43 ]. A few evi-
dences, from small case series, are also available 
to support the use of methotrexate, alone [ 44 ] or 
in combination with infl iximab [ 45 ]. Based on 
the results of uncontrolled small studies, an 
improvement in fi stula drainage was observed in 
3/4 of patients treated with ev cyclosporine 
(4 mg ⁄ kg), but most patients relapsed after tran-
sition to oral therapy or discontinuation of the 
drug [ 46 – 48 ]. It has recently been suggested the 
potential benefi t of local injection of infl iximab 
and adalimumab, associated with surgical proce-
dure in patients who have an intolerance to sys-
temic treatment. Also the data on this type of 
treatment come from small studies [ 49 – 51 ]. 

 An alternative treatment with stem cell local 
injection was proposed for the treatment of peri-
anal fi stulas. In a recent study [ 52 ], the effi cacy 
and safety of intrafi stular injections of autolo-
gous bone marrow-derived mesenchymal stromal 
cells were analysed, and complete closure of fi s-
tula tracts was reported in 70 % of patients with-
out any adverse effects. These preliminary results 
are encouraging, but RCTs are warranted to 
assess the real effi cacy of cellular therapy in CD 
complicated by perianal fi stulas. 

 A more recent, open-label, single-arm clinical 
trial was conducted at six Spanish hospitals [ 53 ]. 
Twenty-four patients were administered intrale-
sionally with 20 million expanded adipose- 
derived allogeneic mesenchymal stem cells 
(eASCs) in one draining fi stula tract. A subse-
quent administration of 40 million eASCs was 

performed if fi stula closure was incomplete at 
week 12. Subjects were followed until week 24 
after the initial administration. Treatment-related 
adverse events did not indicate any clinical safety 
concerns after 6 months follow-up. The full anal-
ysis of effi cacy data at week 24 showed 69.2 % of 
the patients with a reduction in the number of 
draining fi stulas, 56.3 % of the patients achieved 
complete closure of the treated fi stula achieved, 
and 30 % of the cases presented complete closure 
of all existing fi stula tracts. Of note, closure was 
strictly defi ned as absence of suppuration through 
the external orifi ce and complete re- epithelisation, 
plus absence of collections measured by mag-
netic resonance image scan (MRI). Furthermore, 
MRI Score of Severity showed statistically sig-
nifi cant differences at week 12 with a marked 
reduction at week 24. The authors concluded that 
locally injected eASCs appear to be a simple, 
safe and benefi cial therapy for perianal fi stula in 
Crohn’s disease patients, but additional studies 
are needed to further confi rm the effi cacy of the 
eASCs. 

 The effi cacy of oral spherical adsorptive car-
bon (AST-120) was also evaluated in recent 
years. In a RCT [ 54 ], 57 patients with CD and 
active anal fi stula were assigned to receive oral 
spherical adsorptive carbon or placebo for 8 
weeks. The reported remission rates were 29.6 % 
in the oral spherical adsorptive carbon group and 
6.7 % in the placebo group ( p  = 0.035), but in a 
recent largest phase 3 placebo RCT [ 55 ] to date 
to evaluate the impact of a therapeutic agent on 
perianal fi stulae in CD, the effi cacy of AST-120 
could not be confi rmed. An inverse relationship 
was observed between both infl ammatory and 
clinical disease activity and fi stula response.  

    Conclusion 

 The treatment of complex perianal CD is dif-
fi cult and the chance of complete fi stula heal-
ing remains no more than 50 %. It is now clear 
that the best management of this condition is a 
combining medical and surgical therapy. Up 
to now the most strongly evaluated medical 
treatments for perianal CD are the anti-TNF 
alpha antibodies. Regarding the other medical 
treatments, antibiotics and  immunomodulators 
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have not been demonstrated to result in sus-
tained closure of fi stulas in CD. The use of 
tacrolimus is limited by its side effects, and 
the effi cacy of topical treatment seems to be 
confi ned to perianal ulcerating CD. 

 Up to now some questions remain unan-
swered: how to treat patients who do not 
respond to biologic treatments, which is the 
best strategy from long-term maintenance 
therapy in responders and which is the best 
evaluation instrument in future RCTs on peri-
anal CD, considering the limits of the old used 
Fistula Drainage Assessment? 

 Regarding the medical treatments, we 
expect further RCTs to improve the manage-
ment of these CD patients. Regarding the 
 evaluation instrument, as therapy outcome 
resulted to be worse among patients with per-
sisting fi stulas in the MRI evaluation, despite 
a good Fistula Drainage Assessment, we think 
that MRI examination could be considered as 
a more reliable evaluation instrument to use in 
future RCTs on perianal CD.     
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7.1            Introduction 

7.1.1     Therapeutic Strategies 
and Goals 

 The traditional approach to therapy of Crohn’s 
disease has been the step-up approach usually 
represented as a pyramid (Fig.  7.1 ) where, pro-
gressing from mild to severe disease, therapeu-
tic choices proceed step by step from less potent 
drugs at the basement of the pyramid to more 
potent but also more toxic drugs at the top. The 
advent of biological therapies and the wider use 
of immunomodulators, together with the oppor-
tunity to achieve ambitious treatment goals and 
possibly to modify the course of disease, have led 
to other approaches such as the accelerated step-
 up or the top-down approach. This means that 
immunomodulators and biologics can be used 
earlier and de-escalated when disease is in deep 
remission. This could allow prolonged remission.

   Treatment goals in the era of biologics are 
induction and maintenance of remission of 
course, but also mucosal healing, deep remission, 
improvement of quality of life, reduction in hos-
pitalization and surgery, and fi nally prevention of 
disability. 

 The appropriate choice of treatment is infl u-
enced by the balance between potency and poten-
tial side effects of drugs, previous response to 
therapy (especially when considering treatment 
of a relapse, or for steroid-dependent or refrac-
tory disease), and the presence of extraintestinal 
manifestations or complications. Different types 
of drugs are currently available (from mesalazine 
to biologics) and best treatment choice is tailored 
to the individual patient. 

 Recommendations for clinicians approaching 
to treatment of CD have been developed and are 
constantly updated by the ECCO (European 
Crohn’s and Colitis Organization) [ 2 – 4 ]. 

 Guidelines can be downloaded free of charge 
from the ECCO website. 
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 Assessment of response to therapy can be 
made on the basis of clinical symptoms and signs, 
but a more objective way would include clinical 
and endoscopic scores, laboratory tests, and 
radiological fi ndings. 

 At present, a number of clinical activity indi-
ces are available: the most used are Crohn’s 
Disease Activity Index (CDAI), Harvey- 
Bradshaw Index (HBI), and the Infl ammatory 
Bowel Disease Questionnaire (IBDQ), the last 
specifi cally evaluating quality of life. 

 CDAI, developed by Best et al., is the most 
widely used of the multiple-component CD indi-
ces and is used on a large scale in clinical trials. 
CDAI score varies between 0 and 600 points. 
A score of 150 is used as a cutoff between 
 remission and active disease [ 5 ]. A score of 150-
220 defi nes mild to moderate active disease, 
while a score above 220 is related to severe dis-
ease. The CDAI is a complex index and is diffi -
cult to calculate in daily clinical practice. A more 
suitable index is HBI that incorporated fewer 
clinical variables, all of which could be measured 
easily with fi ve variables opposed to eight. An 
HBI score above 5 corresponds to a CDAI score 
above 150 and indicates active CD [ 6 ] (see chap-
ter on Clinical Presentation). Both indices are 
mainly based on subjective fi ndings, and their 
role in evaluating infl ammatory activity and their 
specifi city for CD infl ammation have recently 
been questioned. 

 Quality of life is assessed by IBDQ [ 7 ], a 
32-item questionnaire that includes four domains: 
bowel function, emotional status, systemic symp-
toms, and social function. High IBDQ scores 
indicate a better quality of life, an endpoint meet-
ing increasing interest in clinical trials. 

 Laboratory tests are also used for monitoring 
response to therapy. They include white blood 
cell count, platelet count, hemoglobin, hemato-
crit, C-reactive protein (CRP), and erythrocyte 
sedimentation rate (ESR). The latter two infl am-
matory markers, in particular, correlate with dis-
ease activity. CRP is an acute-phase protein and 
can be used as a very accurate marker of disease 
activity and also as an independent predictor of 
short- and medium-term clinical relapse in 
patients with high levels at diagnosis [ 8 ]. 

 Fecal biomarkers, such as the neutrophil- 
derived calprotectin and lactoferrin, are also 
 useful for managing CD patients and correlate 
with endoscopic and histological scores of CD 
activity in ileocolonic or colonic disease [ 9 ,  10 ]. 

 A complete blood cell count is also an impor-
tant indicator of disease activity. 

 Mucosal healing in the era of biologics has 
become a fundamental treatment goal since it is 
related to better long-term outcomes. Endoscopy 
is a crucial step in assessing CD activity, and 
endoscopic scoring systems have been developed 
to classify and assess disease activity. Endoscopic 
scoring systems currently used are the Crohn’s 
Disease Endoscopic Index of Severity (CDEIS), 
the Simple Endoscopic Score for Crohn’s Disease 
(SES-CD), and the Rutgeerts endoscopic grading 
scale, the last applying to the setting of postsurgi-
cal recurrence [ 11 – 13 ]. The CDEIS assesses fi ve 
bowel segments (terminal ileum, right colon, 
transverse, left colon and sigmoid, and rectum), 
considering specifi c mucosal lesions (ulcers and 
stenosis), extent of disease, and ranges from 0 to 
44, but is complicated to use routinely. SES-CD 
is easier and includes four variables, each consid-
ered in fi ve segments of the bowel: ulcer size, the 
extent of ulcerated surface, the extent of affected 
surface, and stenosis. Scores range from 0 t o 60. 
Ferrante et al. showed in a subanalysis of data 
from the SONIC trial a reduction of at least 50 % 
in the SES-CD or CDEIS score after 26 weeks of 
treatment to be predictive of corticosteroid-free 
clinical remission at week 50 [ 14 ]. 

 Although endoscopy remains the gold standard 
for assessing CD activity, cross-sectional imag-
ing techniques play an important  complementary 
role. The most used are ultrasound (US), com-
puted tomography enterography (CTE), and 
magnetic resonance enterography (MRE). US 
is particularly useful for examining the terminal 
ileum and colon to evaluate bowel wall thickness, 
strictures, loss of stratifi cation, wall stiffness 
with a reduced peristalsis in the small bowel, and 
loss of haustra coli in the colon [ 15 ,  16 ]. CTE 
and MRE involve the use of intraluminal oral 
and intravenous contrast agents to evaluate the 
small bowel, identifying the complications of CD 
with greater accuracy. CT is valid for examining 
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luminal and extraluminal structures and is widely 
available and standardized in its use [ 17 ]. MRI 
assesses mural and mucosal characteristics as 
presence of ulcerations, wall thickness, mural T2 
signal intensity, and T1 contrast enhancement. 
There are also extramural features of infl amma-
tion, such as a comb sign, lymph node enlarge-
ment, and fat wrapping [ 18 ]. MRI is used to 
monitor treatment response, transmural healing, 
as well as mucosal healing, which has been cor-
related with a better CD course, fewer hospital 
admissions, less surgery, and higher steroid-free 
remission rates [ 19 – 21 ].  

7.1.2     Therapeutic Armamentarium 
in Crohn’s Disease: 
Conventional Therapies 

7.1.2.1     Aminosalicylates 
 The mechanism of action of 5-ASA is still not 
completely known, but it has been hypothesized 
that the activity of 5-ASA is related to the elimi-
nation of free radicals, inhibition of T-cell prolif-
eration and decreased production of IL1 and 
TNF-alpha, antigen presentation and antibody 
synthesis, and macrophage function. 5-ASA has 
been shown to downregulate nuclear factor 
kappa-light-chain-enhancer of activated B-cell 
(NF-κB) levels [ 22 – 24 ]. 

 5-ASA is the active component of sulfasalazine 
(SASP), which is composed of a sulphapyridine 
molecule and the 5-ASA active moiety linked by 
an azo bond. The release of the 5-ASA molecule 
depends on azoreductase activity of the colonic 
fl ora, which breaks the azo bond. The benefi cial 
effects of 5-ASA are due on its topical delivery 
to affected mucosa. Most side effects related to 
SASP depend on the sulphapyridine component; 
aminosalicylates are better tolerated. Various 
formulations of 5-ASA-containing compounds 
have been developed, including pH- dependent 
and time-based release systems with peculiar 
pharmacokinetic properties. Ph-dependent prep-
arations are delivered in the colon, while time-
release preparations are delivered throughout the 
whole bowel. In addition to oral 5-ASA, topi-
cal formulations (suppositories, gel, foams, and 

 enemas), which provide the drug to the rectum 
and left colon, have been developed. 

 Older published trials showed oral amino-
salicylates to be an effective treatment for active 
ileal, ileocolic, or colonic CD. Asacol 3.2 g/day 
was effective in ileocolic or colonic disease [ 25 ], 
and Pentasa 4 g/day was reported to be effective 
for ileitis, ileocolitis, and colitis [ 26 ]. 

 However, more recent studies using different 
preparation sand meta-analyses have failed to 
demonstrate the effi cacy of 5-ASA in the induc-
tion and maintenance of remission in CD. At the 
present time, the role of mesalazine in CD should 
be considered marginal and limited to mild to 
moderate CD [ 3 ,  27 ]. Mesalamine has still a role 
in the prevention of postsurgical relapse espe-
cially in low-risk patients (fi rst resection, absence 
of prognostic factors for bad prognosis) and in 
those with a negative postsurgical follow-up 
endoscopy (absence of early relapse) [ 4 ,  27 – 29 ]. 
Opinion still varies about the value of topical 
mesalazine, which can be considered as adjunc-
tive therapy in distal colonic CD. 

 Side effects of aminosalicylates are both 
idiosyncratic and dose dependent and occur in 
10–45 % of patients. Most common dose-related 
side effects are headache, nausea, epigastric 
pain, and diarrhea. Other rare and less com-
mon adverse events are idiosyncratic reactions 
such as skin rashes or the rare Stevens-Johnson 
syndrome, pancreatitis, or agranulocytosis [ 30 ]. 
Aminosalicylates can induce reversible renal 
insuffi ciency, in patients with preexisting renal 
impairment, concomitant use of nephrotoxic 
drugs, or comorbid disease, and annual monitor-
ing of renal function is recommended.  

7.1.2.2     Corticosteroids 
 Glucocorticoids are the mainstay in the treatment 
of active CD for inducing remission. They have 
immunosuppressive activity by acting both on 
the infl ammation cascade and on the immune 
system, interfering with the clonal proliferation 
of helper T lymphocytes and reducing transcrip-
tion of genes coding for pro-infl ammatory cyto-
kines such as TNF-alpha and IFN-gamma. 

 The effi cacy of glucocorticoids in inducing 
remission has been demonstrated in two large 
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randomized controlled trials carried out in the 
1980s, the NCCDS and the ECCDS. 

 In the National Cooperative Crohn’s Disease 
Study (NCCDS), 60 % of patients obtained remis-
sion when treated with prednisone 0.5–0.75 mg/
kg/day and tapering over 17 weeks, as compared 
to 30 % of the placebo group [ 31 ]. In the com-
parable 18-week European Cooperative Crohn’s 
Disease Study (ECCDS), 83 % of patients 
achieved remission with 6- methylprednisolone 
1 mg/kg/day compared with 38 % of the placebo 
group [ 32 ]. 

 In view of the high prevalence of adverse 
events related to systemic glucocorticoid ther-
apy, recently new topically active low-availabil-
ity steroids have been developed. Budesonide is 
a synthetic corticosteroid derivative taken orally, 
which is delivered locally, and it is released in a 
time-dependent manner in the terminal ileum and 
proximal colon. Upon absorption into the portal 
system, the drug is highly metabolized into sig-
nifi cantly less active metabolites in the liver, 
which reduces systemic exposure, potentially 
decreasing corticosteroid-related side effects. 

 In a systematic review, 9 mg/day of this prepa-
ration are superior to placebo and mesalamine in 
achieving remission with fewer side effects but 
also less effi cacy of conventional steroid such as 
prednisolone [ 33 ]. Pushing the dose higher 
results in better effi cacy but at the expense of 
increasing side effects. 

 Budesonide is to be preferred to prednisone in 
mild to moderate active terminal ileal or ileocecal 
disease, and a standard tapering strategy is rec-
ommended. Though better tolerated, budesonide 
is not effective in maintaining remission as dem-
onstrated in clinical trials and meta-analyses, and 
a budesonide dependence should be approached 
as systemic steroid dependence [ 34 ]. 

 Steroids should never be used for periods lon-
ger than 3 months [ 35 ] because of signifi cant 
long-term side effects. Early effects due to the 
doses used to induce remission include cosmetics 
(acne, moon face, edema, and skin striae), sleep, 
and mood disturbs. A prolonged use of steroids 
leads to posterior subcapsular cataracts, osteopo-
rosis, osteonecrosis of the femoral head, and 

myopathy. Steroids increase also the risk of seri-
ous infections if associated with other immuno-
suppressive agents [ 36 ,  37 ]. 

 Effects on withdrawal include acute adrenal 
insuffi ciency in case of sudden cessation (slow 
tapering is thus advised), a syndrome of pseudo- 
rheumatism with myalgia, malaise and arthralgia, 
and raised intracranial pressure. 

 If the duration of therapy is likely to be more 
than 12 weeks, supplements of calcium and vita-
min D are recommended [ 38 ,  39 ]. 

 A signifi cant number of patients fail to respond 
adequately to glucocorticoids and are either ste-
roid resistant or steroid dependent. 

 Steroid-dependent patients experience a 
relapse of symptoms as the steroid dose is tapered 
wile steroid-unresponsive patients do not improve 
even with prolonged high doses of steroids. For 
these patients, other therapeutic strategies with 
the use of thiopurines or methotrexate or biolog-
ics for maintenance are recommended. 

 As recommended in ECCO guidelines, 
“patients who are dependent on corticosteroids 
should be treated with thiopurines or methotrex-
ate with or without anti-TNF therapy [EL1a, RG 
A for thiopurines and methotrexate], [EL1a, RG 
B for infl iximab and adalimumab], although sur-
gical options should also be considered and dis-
cussed” (ECCO Statement 6D) (2). 

 As recommended in ECCO guidelines, 
“patients with objective evidence of active dis-
ease refractory to corticosteroids should be 
treated with anti-TNF therapy, with or without 
thiopurines or methotrexate [EL1a, RG B for inf-
liximab], although surgical options should also 
be considered and discussed at an early stage” 
(ECCO Statement 5H) (2).  

7.1.2.3     Antibiotics 
 Antibiotics are coadjuvant drugs; they are consid-
ered appropriate in CD in treating CD-related com-
plications: intra-abdominal abscesses, infl ammatory 
masses, perianal diseases (fi stulas and perirectal 
abscesses), bacterial overgrowth in the small bowel 
secondary to partial small bowel obstruction, second-
ary infections with organisms such as  Clostridium 
diffi cile , and postoperative complications. 
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 The antibiotics most frequently used are met-
ronidazole and ciprofl oxacin [ 40 ,  41 ]. 

 Both drugs are more benefi cial in CD of the 
colon than in disease restricted to the ileum prob-
ably for their action on the anaerobic fl ora. 

 They historically were considered to be fi rst- 
line treatment for the management of fi stulizing 
disease [ 42 ]. They have been a mainstay of ther-
apy for simple fi stulizing disease, while complex 
fi stulizing disease is typically treated with a com-
bination of approaches including immunomodu-
lators, biologics, and surgical therapies (seton 
placement, drainage of abscesses). After cessa-
tion of therapy, fi stula tends to recur, but long- 
term therapy is limited by side effect. 

 The largest reported experience has been with 
metronidazole. Beside treatment of fi stulizing 
disease, another indication is the prevention of 
postsurgical recurrence in which high-dose met-
ronidazole (20 mg/kg/day for 3 months) has been 
shown effective in preventing endoscopic and 
clinical recurrence at 1 year [ 43 ]. 

 Metronidazole is generally well tolerated and 
incidence of side effects is dose dependent and 
time related. Most common side effects are gas-
trointestinal discomfort, nausea, and dysgeusia. 
After several months of treatment, a peripheral 
neuropathy can occur, and in rare occasions, this 
is not reversible after withdrawal of the drug. 

 The other antibiotic widely used is ciprofl oxa-
cin, a quinolone derivative with a selective sup-
pressive effect on intestinal fl ora. Ciprofl oxacin 
has similar effi cacy to metronidazole and with 
fewer side effects. 

 Ciprofl oxacin and metronidazole are often 
used to induce remission in mild to moderate CD, 
but comparison studies with corticosteroids have 
not clearly identifi ed any additional benefi ts to 
induce remission [ 44 ,  45 ]. 

 Another antibiotic used is rifaximin, a nonsys-
temic antibiotic approved for the treatment of 
traveler’s diarrhea and also used in irritable bowel 
syndrome. It is not completely absorbed in the 
blood stream, minimizing systemic exposure and 
reducing the risk of side effects. Rifaximin is 
associated with clinical improvement in patients 
with mild Crohn’s disease and can play an 

adjunctive role for inducing and maintaining 
remission [ 46 ]. 

 In conclusion, although controlled studies 
with antibiotics used for treatment of CD are lim-
ited and inconclusive, these drugs are widely 
used in clinical practice. At present, metronida-
zole and ciprofl oxacin, used alone or in associa-
tion, are considered appropriate for septic 
complications, symptoms attributable to bacterial 
overgrowth, or perianal disease.  

7.1.2.4     Thiopurines 
 Thiopurines, azathioprine (AZA) and its metabo-
lite 6-mercaptopurine (6-MP) are widely used in 
the management of CD and exert their effect via 
inhibition of purine synthesis. In order to get acti-
vated, they must undergo a very complex metab-
olism. Both are prodrugs; AZA is converted to 
mercaptopurine, which is metabolized to the 
active 6-thioguanine nucleotide (6-TG). 6-TG 
then functions as a purine analog, inhibiting 
DNA synthesis, and also appears to trigger T-cell 
apoptosis [ 47 ,  48 ]. AZA and 6-MP, alone or in 
combination with other drugs, are effective in 
induction and maintaining remission in active 
CD and are steroid-sparing drugs in steroid- 
dependent or steroid-refractory patients [ 49 ,  50 ]. 

 Two Cochrane meta-analyses have synthe-
sized the existing data regarding the effi cacy of 
AZA and 6MP in the induction and maintenance 
of remission in CD in patients treated with 
AZA/6MP versus placebo. Prefontaine et al. 
assessed eight RCTs of AZA/6MP for induction 
of remission in 425 patients with active CD.17 
Overall response in the pooled treatment group 
was 54 versus 33 % in the placebo arm (odds 
ratio [OR], 2.43; 95 % CI, 1.623.64). Induction 
of remission in active CD by using AZA requires 
a long period of time (from 3 to 6 months), since 
the response rate increases after 17 weeks. 
Thiopurines were more effective than placebo for 
maintaining remission in CD. With respect to 
maintenance of remission, a recent systematic 
review assessing seven trials with AZA and one 
with 6MP demonstrated, among 550 patients, an 
OR of 2.32 (95 % CI, 1.553.49) for AZA and 
3.32 (95 % CI, 1.407.87) for 6MP [ 51 ]. 
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 AZA and MP also showed to be more effec-
tive than placebo or mesalazine in preventing 
both clinical and endoscopic postoperative recur-
rence in CD [ 52 ]. 

 The optimal dose of AZA is typically 2–3 mg/
kg/day, whereas the dose for 6MP is half 
(1–1.5 mg/kg/day). To obtain a full pharmaco-
logical effect, a long-term treatment is required 
and frequent side effects occur. The high rate of 
adverse reactions reduces their use as an early 
therapeutic option. Adverse events due to thiopu-
rines are classifi ed as dose independent or dose 
dependent. Dose-independent or “allergic” 
adverse reactions include fever, malaise, nausea, 
abdominal pain, diarrhea, arthralgia, and pancre-
atitis and occur early (days or weeks). Dose- 
related or “nonallergic” AEs are myelotoxicity 
and liver toxicity and usually develop later 
(months or years) [ 53 – 56 ]. 

 During treatment, a careful laboratory moni-
toring is recommended, particularly when fi rst 
initiating the drug. Given the potential for signifi -
cant bone marrow suppression, frequent blood 
cell count monitoring is recommended, particu-
larly when initiating therapy or optimizing dos-
ing. Liver function tests should also be monitored 
periodically. However, the absolute risk of devel-
oping these remains low. Pretreatment assess-
ment of TPMT phenotype or genotype could be 
useful but is not widely used and recommended 
by ECCO guidelines. Thiopurines’ use is safe 
during pregnancy and lactation. 

 Treatment with thiopurines leads to a form of 
chronic immunosuppression and to an increased 
risk of infection. The use of thiopurines has also 
been associated with an increased risk of lym-
phoma and an increase of nonmelanoma skin 
cancer [ 57 – 61 ]. 

 Screening for opportunistic infection before 
immunosuppressive treatment should be 
 performed, and vaccination history should be 
documented [ 62 ]. 

 As far as concerns the duration of mainte-
nance immunosuppressive therapy with thiopu-
rines, an expert consensus recommends to 
continue immunomodulators for at least 4 years 
in view of the low risk of relapse after this time 
interval and to minimize the risk of cancer [ 63 ].  

7.1.2.5     Methotrexate 
 Methotrexate (MTX) is a folate antagonist with 
cytotoxical immunosuppressive activity. 
Mechanism of action includes inhibition of dihy-
drofolate reductase, inhibiting purine and pyrimi-
dine synthesis, resulting in decreased cellular 
proliferation and modulation of cytokine produc-
tion. MTX has the same indications of thiopu-
rines, but is generally reserved for treatment of 
active or relapsing Crohn’s disease in patients 
with refractoriness or intolerance to thiopurines 
or anti-TNF agents [ 64 ] and may be preferable in 
patients with CD-related arthropathy. 
Methotrexate is effective for inducing remission 
and preventing relapse in CD. In a controlled 
study, patients treated with intramuscular MTX 
(25 mg/week) and a concomitant dose of pred-
nisolone (20 mg at initiation) were able to with-
draw steroids and enter remission compared with 
placebo. MTX also is effective in maintaining 
remission; in patients treated with 15 mg/week of 
intramuscular MTX, a signifi cant number 
remained in remission at 40 weeks compared 
with placebo group [ 65 ]. The standard induction 
dose is 25 mg administered intramuscularly (IM) 
or subcutaneously via weekly injections. A 
switch to oral administration may be attempted 
for maintenance while carefully monitoring the 
clinical response. 

 As with thiopurines, there are signifi cant 
potential side effects. Most common compli-
cations of MTX are due to its mechanism of 
action and include folate defi ciency. Therefore, 
in patients taking MTX administration of 
folate, supplementation for 2 or 3 days a week 
is advisable. 

 Other early common side effects are fatigue, 
nausea, vomiting, diarrhea, and alopecia [ 63 ]. 

 Though less common than with thiopurines, 
mild leukopenia can also occur. Hepatic fi brosis is 
the most severe idiosyncratic side effect of long-
term therapy, and liver function test monitoring is 
recommended, though transaminase levels may 
not correlate with degree of fi brosis [ 66 ]. Also 
transient fi broelastography annually is advisable. 
Measurement of full blood count and liver func-
tion tests is advisable before and within 4 weeks 
of starting therapy, then monthly. Patients on 
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long-term MTX should also be monitored care-
fully for pneumonitis, a rare but possible side 
effect. Methotrexate is teratogenic and is contra-
indicated during pregnancy and lactation [ 67 ].   

7.1.3     New Approach: Biological 
Therapy 

 The introduction of biological therapy has revo-
lutionized therapeutic strategies in CD allowing 
the achievement of new goals: not only response 
and remission and maintenance of remission but 
also mucosal healing, deep remission, improve-
ment of quality of life, and reducing hospitaliza-
tions and surgery. Biological therapy could have 
the potential to change disease course and to pre-
vent disability.  

7.1.4     Biological Agents: 
Anti-TNF-Alpha 

 Tumor necrosis factor-alpha blockers (infl ix-
imab, adalimumab, and certolizumab) are mono-
clonal antibodies that block the pro-infl ammatory 
cascade that triggers the activation and prolifera-
tion of T lymphocytes in the intestine. 

 TNF-α is a cytokine especially produced by 
activated macrophages and lymphocytes and has 
been shown to be elevated in the lamina propria 
of patients with CD. Anti-TNF agents act by 
binding soluble TNF-α and also by inducing 
apoptosis in activated T cells within the lamina 
propria of patients with CD. These agents have 
demonstrated the ability to induce apoptosis in 
activated monocytes, as well [ 68 ,  69 ]. 

 According to ECCO guidelines, “anti-TNF 
therapy should be considered as an alternative to 
thiopurines for patients with moderately active 
localized ileocaecal CD who have previously 
been steroid-refractory, steroid-dependent, or 
steroid-intolerant. For those patients with 
severely active localized ileocaecal Crohn’s dis-
ease and objective evidence of active disease who 
have relapsed, anti-TNF therapy with or without 
an immunomodulator is an appropriate option. 
Infl iximab or adalimumab, in combination with 

surgical therapy, should be used, for complex 
perianal Crohn’s disease, as a second line medi-
cal treatment after antibiotics and thiopurines” 
[ 3 ]. More recently, guidelines from the IG-IBD, 
the Italian Group for the Study of IBD, have been 
issued, which, while confi rming indications to 
anti-TNF in most clinical scenarios according to 
ECCO, recommend anti-TNF as fi rst clinical 
option in the fi eld of perianal disease [ 70 ]. 

 As far as concerns the duration of therapy of 
anti-TNF agents, according to ECCO guidelines, 
“Anti-TNF agents are effective for maintenance 
of remission up to 1 year in patients with clinical 
response to induction therapy. No recommenda-
tion can be given for the duration of treatment, 
although prolonged use of these medications may 
be considered if needed. Potential risks and ben-
efi ts should be discussed on an individual basis.” 

 There is evidence that long-term infl iximab 
treatment has a good overall safety profi le in 
cohort studies [ 71 ] and that adalimumab is able 
to maintain remission for up to 2 years in patients 
who responded to induction therapy [ 72 ]. 

 In the STORI trial (infl iximab discontinuation 
in Crohn’s disease patients in stable remission on 
combined therapy with immunosuppressors), 
115 patients receiving both infl iximab and an 
immunosuppressor in stable steroid-free remis-
sion for at least 6 months discontinued infl iximab 
therapy [ 73 ]. After a median follow-up time of 12 
months, 43.9 % of patients had a relapse. 
Multivariate analysis showed that endoscopic 
activity, CRP level, and hemoglobin and infl ix-
imab trough levels predicted increasing risk of 
relapse. These data suggest that if discontinua-
tion of treatment is desired, stratifi cation of 
relapse risk according to predictive factors should 
be carefully evaluated and treatment withdrawal 
should be reserved to those patients at low risk of 
relapse. 

 Loss of response to anti-TNF therapy occurs 
at a rate of 10–20 %/year; when patients on anti- 
TNF loose response, an assessment of disease 
activity with the exclusion of complications and 
adherence problems is mandatory. Optimization 
of therapy by either dose intensifi cation (reduc-
tion of the interval between doses) or dose esca-
lation is appropriate strategy before switching to 
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another agent. Switching is an effective strategy, 
but reduces future therapeutic options. For intol-
erance, especially if severe, switching to an alter-
native anti-TNF agent is appropriate. 

 Primary lack of response can occur: by defi ni-
tion, this usually happens within 12 weeks; cur-
rent strategy suggests the use of an alternative 
anti-TNF agent or switch to another class of 
drugs [ 62 ]. 

 Therapy with biological agents should be 
strictly monitored for the risk of adverse advents 
and opportunistic infection [ 37 ,  74 ]. Patients 
with fever, cough, systemic symptoms, or with a 
suspected pyogenic complication of Crohn’s dis-
ease should be evaluated for opportunistic infec-
tions and treatment with antibiotics before 
starting or continuing biological therapy. 

 Whether this risk can be attributed to anti- 
TNF agents or concomitant use of other immuno-
modulators remains controversial. Recent 
analysis of pooled data from several clinical trials 
suggests that these risks may not be more ele-
vated with anti-TNF agents when used alone, but 
appear to be increased when receiving both anti- 
TNF drugs and immunomodulators [ 75 ]. 

 Before starting anti-TNFs, screening is man-
datory. Tuberculosis screening includes a full 
medical history, physical examination, TST or 
IGRA, and a chest X-ray. Patients should be 
tested also for HBV (HbsAg, anti-HbcAb,), anti- 
HCV, and anti-HIV using antibody testing. 

 Furthermore, anti-TNF therapy has been asso-
ciated with drug-induced lupus, demyelinating 
reactions, peripheral neuropathy, psoriasis, and 
heart failure. 

 A meta-analysis of all randomized controlled 
trials comparing all anti-TNF strategies with pla-
cebo did not show an increased risk of malig-
nancy in patients receiving anti-TNF [ 76 ]. These 
fi gures are in contrast with the results from a pre-
vious meta-analysis including patients with rheu-
matoid arthritis receiving infl iximab or 
adalimumab which reported an increased risk of 
malignancy [ 77 ]. 

 The risk of lymphoma in patients on anti- 
TNFs seems low, but hepatosplenic T-cell lym-
phoma (HSTCL) has been described in patients 
with Crohn’s disease who have been treated with 

anti-TNF agents in combination with immuno-
modulators or with immunomodulators alone 
(6-MP and azathioprine). This nearly fatal form 
of NHL predominantly affects young men, but 
the absolute rate of these events is low. This, in 
addition to the uncertain of benefi t of combina-
tion therapy, has led to an emphasis on previous 
or concomitant treatment with conventional 
immunomodulators, particularly in young male 
patients [ 78 ,  79 ]. 

 Recently, nested-case control studies have 
demonstrated in patients treated with anti-TNF 
an increased risk of melanoma [ 59 ]. 

7.1.4.1     Infl iximab 
 Infl iximab, administered intravenously, is a chi-
meric IgG 1 monoclonal antibody with a murine 
variable region and human immunoglobulin con-
stant region. It neutralizes the biologic activity of 
TNF-alpha by inhibiting binding to its receptors. 

 The infl iximab therapeutic schedule includes 
an induction phase at 0, 2, and 6 weeks and a 
maintenance treatment every 8 weeks. 

 Infl iximab was the fi rst biological response 
modifi er that has been shown to be effective in 
Crohn’s disease. A randomized, controlled trial 
(ACCENT I) provided strong confi rmation of 
the initial impression of effi cacy found in piv-
otal studies. Patients with moderate to severe 
Crohn’s disease were randomized to an ini-
tial infusion of placebo or 5, 10, or 20 mg/kg 
infl iximab. Recruited patients had moderate 
to severe Crohn’s disease (CDAI, 220–400) 
despite treatment with aminosalicylates and oral 
 glucocorticoids (59 %), or 6-MP, or azathio-
prine (37 %). The primary endpoint was clini-
cal response, defi ned as a decrease in the CDAI 
of 70 or more points at week four. All treatment 
groups had results signifi cantly better than those 
with placebo (placebo response rate of 17 %). 
The highest rate of response was seen at 4 weeks 
in the 5 mg/kg group (81 %) [ 80 ]. A smaller but 
still signifi cant fraction of patients had a clinical 
response by week 12 (48 % for 5 mg/kg vs. 12 % 
for placebo). The fraction of patients in clinical 
remission (CDAI less than 150 and a decrease in 
CDAI of 70 or more points) at week four also 
was signifi cantly higher among the 5 mg/kg 
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group (33 %) compared with the placebo group 
(4 %). Clinical improvement was accompanied 
by improvement in health-related quality of life 
and decreases in serum C-reactive protein levels. 
However, the inclusion criteria have been hetero-
geneous including both patients with active dis-
ease naive to steroids and with steroid-refractory 
or steroid-dependent disease. 

 No trial has been designed on the maintenance 
of corticosteroid-dependent patients. The data of 
effi cacy on this population can be extrapolated 
from the results of ACCENT I trial in which 51 % 
of patients received corticosteroids at the time of 
randomization. Twenty-four percent of those 
maintained on infl iximab every 8 weeks at 5 mg/
kg and 32 % of those receiving 10 mg/kg were in 
corticosteroid-free clinical remission at week 54. 
Only 9 % of patients receiving placebo main-
tained corticosteroid-free remission ( p  = 0.004 
for infl iximab groups vs. placebo) [ 81 ]. 

 The ACCENT II study evaluated the effec-
tiveness of maintenance therapy with infl ix-
imab in sustaining fi stula closure in patients 
suffering from one or more fi stulas for at least 
3 months immediately preceding screening and 
who responded to induction therapy. The primary 
effi cacy endpoint was defi ned as the time from 
randomization until loss of response. According 
to researchers, results show that at week 54, 
36 % of patients taking infl iximab had complete 
absence of draining fi stulas vs. 19 % of patients 
receiving placebo ( p  = 0.009). Time to loss of 
response was signifi cantly longer for patients 
who received maintenance therapy with infl ix-
imab (greater than 40 weeks vs. 14 weeks for 
placebo,  p  < 0.001) [ 82 ]. 

 The value of the concomitant use of immuno-
modulators (6-MP, azathioprine, or methotrex-
ate) to improve the anti-TNF initial response 
and maintenance effect is controversial. In the 
SONIC trial, patients with moderate to severe 
Crohn’s disease were randomized to the TNF-a 
inhibitor infl iximab plus placebo, azathioprine 
plus placebo, or the combination of infl iximab 
plus azathioprine. At the end of 26 weeks, corti-
costeroid-free remission was achieved in 57 % of 
patients on the combination, 44.4 % of those on 
infl iximab, and 30.6 % of those on azathioprine. 

The advantage for both infl iximab ( p  = 0.009) and 
the combination ( p  < 0.001) over azathioprine 
monotherapy was highly statistically signifi cant. 
The study suggested that moving immediately to 
infl iximab should be more effective than step-
ping up to the immunomodulator azathioprine. 
A widespread early use of biologics in all CD 
patients cannot be recommended, but in selected 
patient subgroups with a predictable disabling 
severe course (extensive disease, severe rectal 
disease, young age, severe perianal diseases at 
diagnosis, steroid need at diagnosis), the early 
introduction of biologics can be empirically con-
sidered on an individual basis [ 83 ]. 

 Treatment with the anti-TNF agents usually is 
well tolerated. In the largest and longer-term clin-
ical trials, between 4 and 16 % of patients with-
drew from the study due to an adverse event [ 84 ]. 
Injection site and infusion reactions occurred at 
variable rates. Severe acute infusion reactions 
consist of chest tightness, dyspnea, rash, and 
hypotension. Infusion reactions with infl iximab 
typically are associated with antibodies to infl ix-
imab (ATIs), also referred to as HACAs (human 
antichimeric antibodies). ATIs developed in 13 % 
of infl iximab-treated patients with Crohn’s dis-
ease. ATIs are less likely to develop in patients 
treated concomitantly with glucocorticoids or 
immune modulators, providing a justifi cation for 
continuing methotrexate, azathioprine, or 6-MP, 
even when these treatments have failed. 

 Delayed hypersensitivity reactions, manifest-
ing as severe polyarthralgia, myalgia, facial 
edema, urticaria, or rash, are unusual complica-
tions that can occur two to 14 days after an infu-
sion [ 85 ].  

7.1.4.2    Adalimumab 
 Adalimumab, another TNF-blocking drug, is a 
subcutaneously administered, recombinant, fully 
human, IgG1 monoclonal antibody that binds to 
TNF-alpha. By neutralizing it, adalimumab 
inhibits a number of TNF-alpha events including 
the release of IL-6, acute-phase reactants of 
infl ammation, and molecules enabling leukocyte 
migration. Furthermore, via the activation of 
intracellular caspases, TNF-expressing mononu-
clear cells undergo apoptosis [ 86 ]. 

7 Standard Therapeutic Approach and New Therapies

gianfranco.cocorullo@unipa.it



68

 The usual adult induction dose is 160 mg fol-
lowed by an 80 mg dose 2 weeks later. For ongo-
ing treatment, the usual dose is then 40 mg every 
other week. 

 Similar to infl iximab, adalimumab has been 
evaluated for its effect in inducing and maintain-
ing remission, its steroid-sparing effect, and its 
impact on hospitalizations and surgeries. 

 The CLASSIC I trial included a total of 299 
patients with moderate to severe active Crohn’s 
disease naive to TNF-alpha inhibitor therapy who 
were randomized to receive adalimumab 
(40/20 mg, 80/40 mg, or 160/80 mg) or placebo 
at weeks 0 and 2. They were randomly assigned 
to adalimumab at three different doses, or pla-
cebo, at zero and 2 weeks [ 87 ]. The highest dose 
of 160/80 mg demonstrated signifi cantly higher 
rates of remission at week 4 compared with pla-
cebo (36 vs. 12 %,  p  = 0.001). Similarly, a 
response (CDAI decrease of 100 points) at 4 
weeks was achieved signifi cantly more often in 
patients who received the highest dose compared 
with placebo (50 % vs. 25 %,  p  = 0.007). Adverse 
events occurred at similar frequencies in all four 
treatment groups except injection site reactions, 
which were more common in adalimumab- 
treated patients. 

 There were 275 patients from CLASSIC I 
who were entered into the CLASSIC II trial. 
Patients who were in remission at both week 0 
(week four of the CLASSIC I trial) and week 4 
were re-randomized to 40 mg every other week 
(eow), weekly, or placebo for 56 weeks. In this 
re-randomized cohort of 55 patients, 79 % who 
received adalimumab 40 mg eow and 83 % who 
received 40 mg weekly maintained remission 
through week 56 (primary endpoint) compared 
with 44 % for placebo ( p  0.05 for both adalim-
umab groups vs. placebo). The patients from 
CLASSIC I who were not in remission at both 
weeks zero and four received open-label adalim-
umab 40 mg every other week (dosages could be 
increased to 40 mg weekly if there was a nonre-
sponse or fl are). Of the 204 who entered the 
open-label arm, 46 % were in clinical remission 
and 65 % were considered responders at week 56 
[ 88 ]. Thus, CLASSIC I and II showed that 
 adalimumab induced and maintained clinical 

remission in patients with moderate to severe CD 
naive to TNF inhibitor treatment. 

 The results of the CHARM trial, which had 
the largest sample size for a maintenance trial 
with adalimumab in CD, confi rm that this drug is 
more effective than placebo for long-term (56 
weeks) maintenance of remission. Patients who 
had been exposed to infl iximab in the past and 
either lost response or had become intolerant to 
infl iximab were eligible for this trial [ 89 ]. 

 In CHARM, approximately 40 % of the 
499 patients with moderate to severe CD who 
responded to adalimumab maintained remission 
at 26 and 52 weeks, thus confi rming long-term 
effi cacy. ADA demonstrated steroid-sparing 
properties, benefi cial effects in patients with 
perianal fi stulas, and decreases rates of hospi-
talization and surgery. IFX-naive patients had 
higher response rates than those with prior IFX 
exposure.  

7.1.4.3    Certolizumab 
 Certolizumab pegol is a humanized monoclonal 
antibody composed of a PEGylated Fab’fragment 
that binds to TNF-alpha. The PEGylated 
Fab’fragment does not interfere with the anti-
body’s ability to neutralize TNF-alpha [ 90 ]. 

 Certolizumab pegol is approved in the United 
States for treatment and maintenance of response 
in adults with moderate to severe Crohn’s disease 
who had an inadequate response to conventional 
therapy. Approval for Crohn’s disease was based 
upon two placebo-controlled trials [ 91 ,  92 ]. The 
drug is also available in Canada and some 
European Union countries where, however, 
approved indications are limited to rheumatoid 
arthritis, psoriatic arthritis, and axial spondyloar-
thritis. Its use in Crohn’s disease in Europe has 
not been approved.  

7.1.4.4    Alpha-4 Integrin Blocker 
 In the last 2 years, new molecules directed against 
integrins and integrin receptors have been devel-
oped and investigated in clinical trials, showing 
that anti-α4integrin agents can be effective and 
safe for the induction and maintenance of remis-
sion in active CD. Adhesion molecules, mainly 
integrins (α4β7, α4β1), located at the surface of 
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endothelial cells, are responsible for cell migra-
tion to sites of infl ammation and play a key role 
in the pathogenetic mechanisms of IBD. Drugs 
targeting alpha-4 integrin (natalizumab, vedoli-
zumab) can limit the severity of infl ammation 
inhibiting the recruitment of lymphocytes in the 
affected sites.  

7.1.4.5    Natalizumab 
 Natalizumab is an IgG4 humanized monoclonal 
antibody that specifi cally antagonizes α4 integ-
rin. Natalizumab was fi rst developed in IBD 
showing effi cacy for induction and maintenance 
of clinical remission in CD. However, cases of 
progressive multifocal leukoencephalopathy 
(PML) due to JC virus reactivation in natalizumab- 
treated patients have pull up the further develop-
ment of the drug [ 93 ].  

7.1.4.6    Vedolizumab 
 Vedolizumab is a humanized monoclonal anti-
body that binds to the α4β7integrin, blocking 
its interaction with mucosal addressin cell adhe-
sion molecule-1 (MAdCAM-1). This interaction 
facilitates lymphocyte homing to the gut and is 
an important contributor to infl ammation that is 
a hallmark of CD [ 94 ]. Because MAdCAM-1 
is preferentially expressed on blood vessels in 
the intestinal tract, vedolizumab is theoretically 
more gut specifi c and therefore a more targeted 
form of immunosuppression. Concern about 
safety  profi le has been caused by previous expe-
rience with the fi rst anti-integrin, natalizumab, 
available in the United States but never approved 
in Europe because of the risk of PML (progres-
sive multifocal polyencephalopathy), due to JC 
virus reactivation. The overall rate of PML cases 
among patients treated with natalizumab is about 
1.16 per 1000 patients. Nearly 3000 patients have 
been treated with vedolizumab in phase III clini-
cal trials with no reported cases of PML. 

 Vedolizumab was developed as a treatment for 
patients with moderate to severe IBD who have 
failed at least one conventional therapy, including 
TNF antagonists. In GEMINI II (a randomized, 
placebo-controlled, trial) vedolizumab-treated 
patients with active Crohn’s disease, nonre-
sponder to immunosuppressive agents or TNF 

antagonists, were more likely to achieve remis-
sion but not a Crohn’s Disease Activity Index- 100 
response at week six and more likely to be in 
remission at week 52 compared with patients 
receiving placebo. Adverse events, including 
nasopharyngitis, were more common than in 
placebo- treated patients, but usually mild [ 95 ]. 

 Vedolizumab has been approved in Europe 
and is currently under evaluation of regulatory 
authorities in Italy.   

7.1.5     Biosimilars 

 Biosimilars are biologic medicines that enter the 
market when the patent of the original reference 
product has expired. The approval procedures for 
biosimilars require a thorough demonstration of 
the comparability of the biosimilar to the original 
biologic. To secure regulatory approval, there must 
be no clinically signifi cant difference, in terms of 
safety, purity, and potency, between the biosimilar 
and the originator, already-approved biologic. 

 Infl iximab is the fi rst anti-TNF-alpha agent 
that has lost its patent, and some infl iximab bio-
similars have already been authorized for use 
in the European Union. Available data from the 
literature have demonstrated effi cacy and safety 
of infl iximab biosimilars in rheumatoid arthritis 
and ankylosing spondylitis. No RCT has been 
 performed in IBD raising some concerns in gastro-
enterologists about the transferability of effi cacy 
rates from the originator to biosimilars in these 
diseases; reassurance however comes from obser-
vational post-marketing reports from countries in 
which regulatory approval is already available.  

7.1.6     Future Trends 

 There is a rich pipeline of novel therapeutic 
agents [ 96 ]. Treatment strategies that appear par-
ticularly appealing include selective anti-integrin 
therapy with anti-interleukin 12/23p40 therapy 
with ustekinumab [ 97 ] and Janus kinase 1, 2, and 
3 inhibition with tofacitinib [ 98 ]. 

 Another approach was proposed by 
Monteleone et al. In a phase 2 study, a  SMAD7  

7 Standard Therapeutic Approach and New Therapies

gianfranco.cocorullo@unipa.it



70

antisense oligonucleotide, called mongersen, 
targets SMAD7 proteins in the ileum and colon 
to increase TGF-β1, which is an immunosup-
pressive cytokine that can attenuate Crohn’s 
 disease- related infl ammation. Patients who 
received mongersen had signifi cantly higher 
rates of remission and clinical response than 
those who received placebo [ 99 ]. 

 With the availability of more biologics, thera-
peutic strategies will probably undergo more 
radical changes: patients’ profi ling according to 
prognostic factors and previous therapeutic his-
tory will be increasingly relevant to target thera-
peutical approach (Fig.  7.2 ).
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        Over the years, radiological examinations for 
small and large bowel are radically changed: 
milestones were the introduction of barium meals 
in the 1950s, of enteroclysis in the 1980s, and of 
cross-sectional techniques in the 1990s. 

 Until the 1980s, gold standard examinations 
were the  small bowel follow-through  ( SBFT ) [ 1 ] 
and the  single-contrast colon enema  [ 2 ]. In the 
1980s, Sellink JL [ 3 ], Herlinger H [ 4 ], and 
Maglinte DD [ 5 ] developed s ingle- and double- 
contrast small bowel enteroclysis , while Welin S 
[ 6 ], Altaras J [ 7 ], and Cittadini G [ 8 ] encoded the 
method of  the double - contrast barium enema of 
the colon . These examinations provide an extraor-
dinary evaluation of the mucosal layer with a 
reported sensitivity and a specifi city respectively 
of 85–95 % and 89–94 % in the detection of the 
typical Crohn’s disease lesions, when performed 
by expert radiologists [ 9 ]. Unfortunately, they 
give only indirect information on transmural and 
extraintestinal involvement, with diffi culties in 
the assessment of single bowel loops, even if dis-
played in transparency [ 10 ]. 

 Since the second half of the 1990s, already 
known cross-sectional techniques, mainly CT 

and MRI, have been specifi cally developed for 
the assessment of gastrointestinal pathology [ 11 ], 
with excellent results. These examinations allow 
a simultaneous evaluation of mucosal, mural, and 
extraintestinal pathologies without any possible 
superposition of bowel loops. 

 Conventional techniques have so largely lost 
their role in the everyday clinical practice, being 
less and less used in the last years. Only plain 
abdominal fi lm still plays a role as the fi rst-line 
examination in the acute abdomen, being able to 
identify signs of obstruction and perforation 
(Fig.  8.1 ).

   Each cross-sectional imaging technique is 
characterized by peculiar advantages and limita-
tions (diagnostic accuracy, availability, cost, 
X-ray dose, spatial and contrast resolution). In 
some circumstances, different modalities can be 
used to complement each other [ 12 ]. 

8.1     Technical Principles of Cross- 
Sectional Techniques 

 The most used cross-sectional techniques for the 
evaluation of small and large bowel are ultra-
sound, CT, and MRI. They share some essential 
technical common points that must be satisfi ed:

•    Intestinal cleansing  
•   Bowel distension  
•   Bowel wall enhancement    
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8.1.1     Intestinal Cleansing 

 The aim of a complete cleansing is to remove 
residual stool, which obviously may mimic 
pathologic fi ndings; it also allows an easier 
anterograde and retrograde bowel fi lling.  

8.1.2     Bowel Distension 

 An optimal distention allows a correct and com-
plete evaluation of the bowel, since collapsed 
intestinal loops can hide small lesions or mimic 
diseases, so leading to false-positive or false- 
negative results. 

 In the past, it was widely debated about the 
most performing route of administration of 
enteral contrast media, and if positive contrast 
agents (baritated or iodinated), neutral (water 
solutions), or negative ones (air or carbon diox-
ide) were to be preferred. Enteral contrast agent 

can be orally administrated, infused through a 
nasojejunal tube or retrograde introducted by an 
enema [ 13 ].  

8.1.3     Bowel Wall Enhancement 

 The injection of intravenous contrast media 
ensures bowel wall enhancement, improving 
contrast resolution and allowing to distinguish 
between different mural layers. In this way, it is 
possible to combine anatomical and functional 
information. In fact a functional analysis of 
bowel wall microcirculation allows to get the 
right differential diagnosis between different 
infl ammatory diseases or between infl ammations 
and tumors. Intravenous contrast media injection 
also provides an overall enhancement of the 
entire abdomen, improving the detection of 
extraintestinal fi ndings, related to Crohn’s dis-
ease or unexpected.   

a b

  Fig. 8.1    Acute ileal obstruction. Plain abdominal fi lm ( a ) 
shows signs of acute obstruction (small bowel loop disten-
sion with multiple air-fl uid levels). Contrast-enhanced CT 

( b ) detects a Crohn’s stenotic lesion of the last ileal loop 
( arrow  in  b )       
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8.2     Small Bowel 

 Due to its anatomical location, the small bowel 
remains beyond the reach of conventional upper 
and lower endoscopy techniques, and a radiologi-
cal evaluation of luminal and extraluminal fi nd-
ings is still quite a challenge. 

8.2.1     Ultrasound 

 In the last decade, interesting results were 
reported about the use of  ultrasound  ( US ) in many 
common intestinal diseases, such as appendicitis, 
diverticulitis, bowel obstructions, and Crohn’s 
disease [ 14 ]. Right iliac fossa and its structures, 
as cecum and last ileal loop, could be properly 
evaluated by ultrasound. So Crohn’s lesions of the 
last ileal loop can be detected, while early ileal 
lesions localized elsewhere are still challenging 
fi ndings, due to the lack of sure anatomical land-
marks. For these reasons, a fully comprehensive 
examination of all ileal loops is rarely achievable, 
leading to a possible false- negative examination. 
Ultrasound can also detect and characterize bowel 
mural thickening and strictures that are Crohn’s 
typical pathologic fi ndings. It has been reported 
that the cause of small bowel obstructions can 
be sonographically detected up to 76 % of the 
patients [ 14 ]. Also the presence of mesenteric 
nodes, phlegmon, and abscesses can be quite eas-
ily identifi ed, even if with less accuracy than CT. 

 An improvement in small bowel evaluation 
with ultrasound is the use of SICUS (small intes-
tine contrast ultrasonography with oral adminis-
tration of enteral contrast medium) or CEUS 
(contrast-enhanced ultrasonography) [ 9 ]. 
However, the timing and costs of these US tech-
niques are similar to CT ones but with less accu-
racy and less panoramic view. 

 Ultrasound strengths remain its wide avail-
ability and relatively low cost (except for CEUS). 

 Furthermore, ultrasound allows a continuous 
and direct contact with the patient during the 
examinations, with the possibility to use the 
probe as “a hand” to visit the patient. 

 Since Crohn’s disease is a chronic pathology 
needing multiple follow-ups and affecting also 
pediatric or very young patients, US can be safely 
implied, thanks to the lack of radiation exposure. 

 Ultrasound should be so considered as a valid 
fi rst-line examination in symptomatic patients 
with suspected Crohn’s disease and a useful tool 
for the follow-up of already known lesions, espe-
cially when located in the last ileal loop. US how-
ever is unsuitable for lesion’s staging because it 
lacks of panoramic view. 

 The use of ultrasound in Crohn’s disease has 
however several limitations, and high depen-
dence on the skillness of the operator remains the 
main one. The experience in the use of US for 
bowel disease evaluation is in fact still quite lim-
ited [ 11 ,  15 ].  

8.2.2     CT 

 CT is an accurate and panoramic imaging tech-
nique ensuring the visualization of both the 
bowel and the surrounding structures. 

 In the past it was widely debated if positive 
contrast agents (baritated or iodinated) or neutral 
ones (water solutions) were to be preferred for 
bowel distension in CT examinations. Nowadays, 
neutral enteral agents are usually preferred. In 
fact they have attenuation values and signal 
intensity similar to water, allowing a better depic-
tion of mesenteric wall. Positive contrast agent 
could be sometimes used in TC examinations in 
peculiar conditions, such as to better detect fi stu-
lous tracts. 

 Another controversial issue regards the route 
of administration of enteral contrast. Two main 
techniques have been proposed:

•     Enteroclysis , with infusion of neutral contrast 
material through a nasojejunal tube  

•    Enterography , with oral administration of a 
nonabsorbable isotonic solution    

 With enteroclysis, a better luminal distension 
in both jejunal and ileal tracts in comparison to 
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the one achieved with enterography, especially 
for jejunal loops, is achievable [ 16 ]. 

 However, in Crohn’s disease, some studies 
demonstrated no signifi cant difference in the 
overall detection of clinically signifi cant fi ndings 
[ 11 ] (Fig.  8.2 ). The question is still debated, and 
a consensus conference has been issued by The 
European Society of Gastrointestinal and 
Abdominal Radiology (ESGAR).

   Usually, enterographic studies are preferred to 
the enteroclysis-based ones because they are eas-
ier to perform and better tolerated by the patient 
[ 10 ]. Patient’s discomfort due to nasojejunal 
catheter, along with the radiation exposure during 
its placing (about 0.5–1 mSv), is an important 
disadvantage of enteroclysis [ 11 ,  17 ]. 

 According to our experience, the most per-
forming examination is obtained with the associ-
ation of a small bowel enterography to a colon 
water enema [ 18 ].  CT enterography of small 
bowel associated with colon water enema  
( CTe - WE    ) allows a simultaneous, combined, and 
constant distension of both small and large bow-
els, with some limitations only in the depiction of 

jejunum loops. With this technique, it is so pos-
sible to obtain a whole digestive tube examina-
tion with high diagnostic accuracy, allowing to 
simultaneously detect pathologic fi ndings in dif-
ferent gastrointestinal tracts [ 13 ] (Fig.  8.3 ).

   Regardless of the bowel fi lling technique, the 
injection of intravenous iodinated contrast media 
ensures mural and mucosal enhancement, 
improving contrast resolution, so allowing to 
detect the typical trilaminar mural stratifi cation 
of Crohn’s disease. 

 Nowadays, CT is the most comprehensive, 
accurate, and repeatable radiological examina-
tion for Crohn’s disease evaluation. CT limita-
tions remain the use of ionizing radiations and the 
need of intravenous injection of iodinated contrast 
media, possibly leading to acute adverse reactions 
and to renal failure. New reduction dose techniques 
have overcome the problem of ionizing radiation, 
and this result probably will improve in the future. 
Cost to replace older equipment is the only pres-
ent limitation to the spread of these new reduction 
dose techniques [ 11 ]. The other limitation due to 
the need of contrast media could be overcome 

a b

  Fig. 8.2    CT enteroclysis (CTE) vs. CT enterography 
(CTe). Both CTE ( a ) and CTe ( b ) show adequate luminal 
distension of small bowel loops and a Crohn’s lesion of 

the last ileal loop ( arrow  in  a  and  b ). Nasojejunal catheter 
in CTE ( arrowhead  in  a )       
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by using new drugs, but unfortunately, iodinated 
ones are the only choice on the market, probably 
because of their low production costs. Anyway a 
substantial contrast media dose reduction can be 
achieved with new dual-energy CT scanners [ 19 ]. 

 Nowadays, CT allows an almost infi nite num-
ber of planar or curved reconstructions, thanks 
to volume acquisitions with isotropic and sub-
millimeter voxel, with advanced workstation’s 
post- processing. A multiplanar assessment is par-
ticularly useful for bowel’s evaluation: according 
to the anatomical orientation of ileal loops, the 

best plane for bowel examination is in fact the 
coronal one.  

8.2.3     MRI 

 Magnetic resonance imaging of small bowel is 
mainly based on T1-weighted images with and 
without paramagnetic contrast media injection, 
T2-weighted images with and without fat suppres-
sion technique, and diffusion-weighted images 
(DWI), in multiplanar scansions (Fig.  8.4 ).

a

c

b

  Fig. 8.3    CTe-WE. Typical trilaminar mural stratifi cation 
of Crohn’s disease ( arrowheads  in  a  and  b ) seen on axial 
( a ) and coronal ( b ) planes. Curved reformatted image ( c ) 

shows multiple infl ammatory skip lesions involving the 
terminal ileum ( arrowheads  in  c )       

a b c

  Fig. 8.4    MR enterography. ( a ) Axial T2-weighted acqui-
sition with fat suppression. ( b ,  c ) Coronal GET1 acquisi-
tion with fat suppression. Crohn’s lesion of the last ileal 

loop ( arrowheads ) with enlarged local nodes ( arrow  in  c ), 
better shown on coronal planes after paramagnetic con-
trast media injection ( c )       
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    MR enteroclysis  ( MREc )  and MR enterogra-
phy  ( MRE ) share common technical points with 
CT-based enteroclysis and enterography tech-
niques. Like CT examinations, the bowel must be 
adequately cleansed, distended, and enhanced. 
The most performing route of administration of 
the endoluminal contrast media is still debated 
[ 9 ,  20 ]. 

 The spatial resolution achievable with MRI is 
lower than with CT [ 17 ], but MRI demonstrated 
higher contrast resolution. The use of intravenous 
contrast media, as for CT and US, could improve 
the detection of bowel hyperemia and edema and 
of infl ammatory mucosal erosions and ulcers. 
These typical Crohn’s disease signs are useful to 
assess the activity grade of the pathology. MRI 
seems to be superior also in the detection of fi stu-
lous tracts [ 16 ], a common Crohn’s complication. 

 Another advantage of MRI is the possibility to 
evaluate bowel motility, with the use of fast 
T2-weighted SSFP or echo planar imaging 
sequences comprehensively called “MRI- 
fl uoroscopy sequences” that can be visualized in 
a cine-like mode [ 17 ]. A chronic Crohn’s fi brotic 
stricture is shown as aperistaltic [ 16 ], while an 
acute infl ammatory one may present wall spasms 
and hyperenhancement. New studies have to be 
done in order to develop MR motility imaging, 
but interesting results about the improvement of 
Crohn’s disease lesions detection are encourag-
ing [ 21 ,  22 ]. The possibility to check bowel 
motility and its grade of fi lling is also very useful 
during the technical execution of MRI with the 
possibility to achieve better bowel distension. 

 Other recent MRI innovation is the analysis of 
Brownian motion of water among cellular struc-
tures using diffusion-weighted imaging (DWI) 
[ 23 ,  24 ]. Although it is already known that DWI 
signal and ADC values directly refl ect tissue 
structure, recent studies have reported a higher 
sensibility of these sequences in the detection of 
bowel infl ammatory lesions compared with 
contrast- enhanced MR imaging [ 25 ]. 

 The longer time of acquisition, the lower spa-
tial resolution, the low availability, and the higher 
cost of the examination suggest the use of mag-
netic resonance imaging only in selected patients. 
MRI should be preferred in pediatric or very 

young patients who need multiple follow-ups 
over a lifetime [ 10 ,  16 ], in patients with known 
chronic renal failure, or in patients allergic to 
iodinated contrast media.  

8.2.4     Endoscopy 

 Small bowel loops cannot be reached easily by 
conventional upper and lower endoscopy. In 
order to overcome this limitation, new endo-
scopic techniques have been used, such as single- 
balloon endoscopy (SBE) [ 26 ] and double-balloon 
endoscopy (DBE) [ 27 ,  28 ]. The main advantages 
of endoscopic examinations are the availability 
of biopsies and the possibility to perform thera-
peutic procedures such as balloon dilatation of 
stenosis [ 29 ]. However, these endoscopic tech-
niques have great limitations: they are not univer-
sally available and it takes quite long time to be 
performed. Furthermore, they highly depend on 
the operator experience, on the patient’s condi-
tions, and on the number and the entity of ileal 
stenosis.  

8.2.5     Capsule 

  Video capsule endoscopy  ( VCE ) [ 10 ,  29 ] is an 
alternative technique used for small and large 
bowel investigation. The patient swallows a cap-
sule of less than 2 cm of length lighting the lumen 
and acquiring about 2 images per second during 
its way. All data are radiotransmitted wireless to 
an external recorder [ 11 ]. Capsule endoscopy 
should be performed mainly in case of suspected 
gastrointestinal bleeding with previous negative 
upper and lower endoscopy [ 30 ,  31 ]. The main 
limitation of capsule endoscopy is its possible 
retention in case of bowel strictures, quite com-
mon in Crohn’s disease. To overcome this limita-
tion, the proper VCE capsule should be 
administrated only after capsule patency test, 
implying the previous use of a dissolvable 
capsule. 

 Furthermore, capsule is able to demonstrate 
nonspecifi c mucosal ulcers only, so resulting 
poor in the assessment of typical Crohn’s mural 
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involvement. High costs and long time for inter-
pretation are other limitations of this technique. 
The European consensus group [ 32 ] recommends 
the use of capsule endoscopy when standard 
imaging techniques and endoscopy cannot detect 
the pathology [ 11 ], mainly in the suspect of 
angiodysplastic lesions.  

8.2.6     Nuclear Medicine 

 Nowadays, nuclear medicine has no more a main 
role in the diagnosis of Crohn’s disease, except 
for differential diagnosis between Crohn’s lesion 
and Meckel’s diverticulum by means of  scintig-
raphy  and in case of suspected neoplastic degen-
eration of chronic Crohn’s lesions with the use of 
 fl uorodeoxyglucose positron emission tomogra-
phy CT  ( 18F - FDG PET - CT ). 

 Generally, nuclear medicine examinations 
could be performed when other imaging modali-
ties have been negative [ 11 ].   

8.3     Large Bowel 

8.3.1     Ultrasound 

 Ultrasound examinations in Crohn’s disease have 
a role in the detection and evaluation of lesions 
localized in the cecum and in the differential 
diagnosis between infl ammatory bowel diseases 
and acute appendicitis in acute scenarios. It can 
be also performed to evaluate Crohn’s perianal 
complications, such as fi stula and abscesses [ 33 ].  

8.3.2     CT 

 Two main CT techniques have been developed to 
adequately analyze the large bowel:

•     CT with water enema  ( CT - WE ), with intro-
duction of tap water through a rectal enema in 
a previously cleansed colon, with the patient 
placed on the CT table. The neutral contrast 
agent may sometimes refl ux through the ileo-
cecal valve from the cecum into the ileum, 

revealing pathologic fi ndings of the last ileal 
loop. An intravenous iodinated contrast media 
injection ensures mural and mucosal enhance-
ment, improving contrast resolution.  

•    Computed tomographic colonography  ( CTC ) 
 or virtual colonoscopy  ( VC ), with infl ation of 
air or carbon dioxide through a rectal catheter. 
The morphology of colonic surface is empha-
sized by refl ections arising from a virtual 
external light source, obtaining images similar 
to conventional endoscopic vision.    

 Main advantages of CTC over CT-WE are the 
lower X-ray dose and the absence of iodinated 
contrast media injection. Nowadays, CTC is 
included as a colorectal cancer (CRC) screening 
option for asymptomatic average-risk adults aged 
50 years and older [ 34 ]. 

 However, polyps are not pathognomonic fi nd-
ings of Crohn’s disease. Main Crohn’s pathologi-
cal signs are hyperemic thickening of bowel wall 
and perienteric fat stranding with engorged vasa 
recta, better depicted by CT-WE. 

 In the case of CTC, air or carbon dioxide is 
used to achieve lumen distension. The gas pro-
vides an extreme HU difference between bowel 
wall and the lumen. This extreme HU difference 
affects the bowel enhancement evaluation. In 
CT-WE, water is used to distend the lumen, and a 
better wall-lumen interface is achieved, allowing 
to distinguish the three-layered structure of the 
bowel walls and to easily detect Crohn’s lesions 
[ 35 ]. For these reasons, CT-WE in Crohn’s dis-
ease seems to be superior to CTC.  

8.3.3     MRI 

  MR colonography  ( MRC ) is a recent colonic 
imaging technique offering an alternative to CTC 
without the use of ionizing radiations [ 36 ]. 
Similar to CTC, colon distension is commonly 
achieved by infl action of air or carbon dioxide. 
Data on the accuracy of MRI colonography for 
the detection of infl ammatory colonic lesions in 
IBD are still limited. 

 MR imaging, due to its high contrast resolu-
tion, is instead the most accurate tool to evaluate 
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Crohn’s perianal complications: fi stulous tracts, 
abscesses, and their anatomical relationship with 
pelvic fl oor muscles are very well depicted.  

8.3.4     Colonoscopy 

  Conventional colonoscopy  is currently consid-
ered the reference standard for the evaluation of 
infl ammatory bowel diseases. However, technical 
failure of colonoscopy is not uncommon. Causes 
of incomplete colonoscopy are anatomic vari-
ants, patient intolerance, strictures, and severe 
diverticulosis. Up to 10 % of colonoscopy is 
technically diffi cult, even if performed by skilled 
operators [ 37 ]. Moreover, optical colonoscopy is 
poorly tolerated diagnostic procedure with pos-
sible complications, mainly represented by bowel 
perforation [ 9 ].   

    Conc lusions 

 Nowadays, cross-sectional imaging tech-
niques, mainly CT and MRI, have overtaken 
the conventional radiological methods for the 
evaluation of small and large bowel, with the 
possibility to detect both luminal and extralu-
minal pathological fi ndings [ 10 ]. 

 The wider availability of CT equipments, 
the lower cost of the examination and the 
rapidity of image acquisition, with less motion 
artifacts, and a better patient’s compliance 
represent strengths of CT over MR imaging. 
In fact, with a 64-slice CT equipment, it is 
possible to cover the entire abdomen and the 
pelvis in less than 10 s, while the acquisition 
of standard MRI sequences for a complete 
small bowel examination needs approximately 
20 min [ 17 ]. 

 The sensitivity and specifi city of CT and 
MRI techniques are however referred to be 
overall comparable [ 38 – 43 ], both in excess of 
90 % and 80 %, respectively [ 11 ], and so the 
choice of the best examination has to be suited 
to the needs of each patient. 

 Nowadays, CT could be the technique of 
choice in the detection and follow-up of 
infl ammatory pathologies [ 15 ] especially 

when occurred complications are suspected. 
MRI should be preferred in pediatric or very 
young patients who need multiple follow-ups 
over a lifetime [ 10 ,  16 ], in patients with known 
chronic renal failure, or in patients allergic to 
iodinated contrast media.     
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9.1           Introduction 

 For many years, the small bowel has been 
 considered as the “black box” of the gastrointes-
tinal system because it could not be evaluated 
through endoscopy. For this reason, the conven-
tional radiological methods, such as small bowel 
enteroclysis (SBE) and small bowel follow- 
through (SBFT), have been considered the stan-
dard approach for the evaluation of the small 
bowel in the diagnosis and management of 
Crohn’s disease for years [ 1 ]. However, due to 
technological limits, the study of small bowel 
through conventional radiology has been 
focused mainly on its function than on its anat-
omy. To date, the conventional examination 
with the study of intestinal transit is now rarely 
used, if not obsolete, but it has still a historical 
value in the diagnosis of infl ammatory bowel 
diseases.  

9.2     Techniques 

9.2.1     Small Bowel Follow-Through 

 The SBFT is an examination that allows the 
 visualization of the small bowel, which would 
not otherwise be visible on x-ray, by using bar-
ium as contrast medium. Barium is an inert sub-
stance that enters and exits the body without 
interacting or being metabolized, making it 
a very safe and effective contrast medium. 
However, considering the risk of granuloma for-
mation in both lungs and the peritoneal cavity, 
and of abdominal adhesions or peritonitis, the use 
of barium is contraindicated whenever bowel 
perforation or predisposition for pulmonary aspi-
ration is suspected. 

 The patient is asked to drink approximately 
200–300 ml of barium while supine abdominal 
fi lms are obtained until the terminal ileum and 
cecum are fi lled with barium [ 2 ]. The esophagus, 
stomach, and duodenum are easily evaluated 
through SBTF. This type of SBFT can take 2–3 h 
to complete and a detailed evaluation of the 
bowel lumen is not possible due to the overlap-
ping loops of the small intestine as the barium 
progresses. A better diagnostic tool would be 
SBE. 

 SBFT is poorly sensitive. It is limited by many 
factors as by the overlap of bowel loops, as previ-
ously written, but also by poor distension, fl oc-
culation of barium, intermittent barium fi lling, 
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and by the fact it is not possible to predict transit 
time [ 2 ]. For these reasons, small bowel enema, 
or enteroclysis, is the preferred method for 
detailed radiographic examination. The SBTF 
allows a better evaluation of small bowel transit 
time and the motility component of motor disor-
ders compared to enteroclysis, but this latter is 
superior in showing the structural components of 
motor disorder and short lesions such as isolated 
adhesions [ 3 ].  

9.2.2     Small Bowel Enteroclysis 

 For many years, conventional SBE has been con-
sidered the main imaging technique for the diag-
nosis of CD, given its high sensitivity and 
specifi city. In Greek language, the word “entero” 
stands for intestine and “clysis” for washing out; 
hence, enteroclysis means washing out of the 
intestine. 

 SBE represents a low invasive radiographic 
technique: it requires fi rstly the positioning of a 
catheter into the small intestine and then a dou-
ble-contrast examination is performed through 
the injection of both barium, which coats the 
intestine, and methylcellulose, which distends 
the bowel lumen [ 4 ]. 

 Conventional enteroclysis is generally per-
formed according to the technique proposed by 
Herlinger. An adequate preparation of the patient 
is mandatory and is obtained through a laxative 
the afternoon before the examination and fasting 
for at least 12 h. Moreover, about 20 min before 
the examination, a prokinetic drug is injected to 
accelerate the passage of the barium to the small 
intestine. 

 Visualization of the small bowel requires an 
adequate distension of the intestines in order to 
identify the confi guration of bowel loops and to 
improve characterization of bowel wall with 
luminal contrast. This is achieved by positioning 
a nasojejunal tube into the proximal small bowel, 
beyond the duodenojejunal junction under fl uo-
roscopic guidance [ 4 ]. 

 Sedation is usually not recommended because 
the patient needs to cooperate and move during 
the examination. 

 For the examination, a standard amount of 
barium (300 mL of barium 40/60 P/V) and 0.5 % 
methylcellulose solution (1.500 mL) or air is 
infused through the nasoenteric tube, achieving 
optimal double-contrast and small bowel disten-
tion [ 4 ]. 

 Then, the patient is observed under fl uoro-
scopic guidance both in a horizontal position, to 
better evaluate the proximal loops, then in right 
lateral decubitus, and fi nally after compression. 

 Thereafter, an additional bolus of barium is 
administered with the patient in the lateral 
decubitus position on the right side for about 

  Fig. 9.1    Conventional small bowel enteroclysis clearly 
depicts the last ileal loop ( arrow )       
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10 minutes. This part of the examination is quite 
useful for the evaluation of all bowel loops, 
which are studied using targeted and gradual 
compressions and different degrees of rotation 
of the patient. The targeted and gradual com-
pressions are used to evaluate also the mobility 
and fl exibility of all small bowel loops, in order 
to differentiate Crohn’s disease from tumoral 
and infl ammatory stenosis [ 5 ]. The study ends 
when the last intestinal loop is documented 
(Fig.  9.1 ).

   Its main limitations includes the high radia-
tion dose, mainly due to the need of fl uoroscopy 
guidance for placement of the nasojejunal tube, 
the invasiveness of the intubation procedure, and 
inability to provide direct information on possi-
ble extraparietal involvement and/or possible 
complications [ 1 ,  6 ,  7 ].   

9.3     Normal Appearances 
of the Small Bowel 

 As widely known, a radiologist may diagnose on 
images just what he knows; moreover, to deter-
mine if there is an abnormality, he must be able to 
recognize normal fi ndings. 

 The small bowel varies in length from 3 to 
10 m, with an average length of 6 m, and occu-
pies the central and lower abdomen, usually 
framed by the colon [ 8 ]. It begins where the 
intestine assumes a mesentery at the duodenoje-
junal fl exure and ends at the ileocecal valve [ 8 ]. 
The ligament of Treitz lies to the left of the fi rst 

part of the duodenum and marks the transition 
from the duodenum to small bowel [ 8 ]. 

 Small bowel loops show a mesenteric border, 
which is the concave one, and is called mesen-
teric because it is where the mesentery attaches, 
and the antimesenteric border, which is the con-
vex one and faces away from the mesentery [ 2 ]. 

 On the conventional radiological methods 
used to evaluate the small bowel, SBTF and SBE, 
the barium forms a continuous column, thus 
defi ning the diameter of the small bowel [ 9 ]. 
Transverse folds of mucous membrane of small 
bowel appear as lucent fi lling defects of about 
2–3 mm in width since barium lies between 
them [ 9 ]. 

 Depending on bowel diameter, the appearance 
of these folds may change: when the small bowel 
is distended, they are called valvulae conniventes 
and are seen as lines traversing the barium col-
umn, while when it is contracted, they lie longitu-
dinally, and when it is relaxed, the folds assume a 
feathery appearance [ 9 ]. 

 The villi are fi ngerlike projections of mucosa 
that extend from the entire mucosal surface of the 
small bowel. 

 The morphological normality of the small 
bowel can be determined with good accuracy on 
the basis of the observation of many characteris-
tics, as the abovementioned folds, the diameter of 
small bowel lumen, small bowel wall thickness, 
Peyer’s patches, and arterial arcades as shown in 
Table  9.1  [ 8 ]. Though there are some differences 
between the jejunum and the ileum, the transition 
between these two tracts is gradual [ 2 ].

   Table 9.1    Comparison between jejunum and ileum characteristics   

 Characteristics  Jejunum  Ileum 

 Mucosal folds  Thicker, (till 2 mm), and more numerous: 
 4–7 folds/2.5 cm 

 Thinner, less deep (about 1 mm), and less 
numerous: 
 2–4/2.5 cm 

 Lumen diameter  Wider (3–3.5 cm; in enteroclysis about 4.5 cm)  Narrower (2.5 cm; in enteroclysis about 3.5 cm) 

 Wall thickness a   Thicker  Thinner 

 Peyer’s patches  Less numerous and bigger  More numerous 

 Arterial arcades  1–2 with fewer long branches  4–5 with many short branches 

   a Wall thickness is calculated in a radiogram taking as a reference two adjacent loops, which are parallel to each other 
for at least 5 cm, and measuring the distance between the two mucous-coated barium surfaces. This is the combined 
wall thickness; half of this value represents the thickness of a single small bowel loop wall (normal value: 1–2 mm)  
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9.4        Barium Findings in Crohn’s 
Disease 

 The abnormalities encountered in barium studies 
in patients with Crohn’s disease are numerous, 
depend upon the stage and location of the dis-
ease, and are expression of the pathological 
changes [ 10 ]. These abnormalities can be distin-
guished in functional and organic ones [ 10 ]:

•    Functional signs: the infl ammatory process 
may be responsible of either bowel hypermo-
tility or hypomotility; in the acute phase, 
excessive luminal fl uid and exudate may be 
responsible for barium fl occulation or dilu-
tion, thus resulting at barium study as a blurred 
interface between the intraluminal barium and 
the mucosa.  

•   Organic signs: a coarser villous pattern 
together with thickening and distortion of 
mucosal fold (Fig.  9.2 ), which may appear 
straightened, fused, or nodular, due to muco-
sal and submucosal edema secondary to lym-
phatic obstruction; postinfl ammatory polyps, 
expression of a regenerated mucosa sur-
rounded by healed epithelial surfaces, present 
as well-defi ned round or oval fi lling defects; 
and ulcerations, which may be responsible of 
an “ulceronodular pattern” in case of combi-
nation of intersecting longitudinal, transverse, 
and oblique linear ulcers that surround resid-
ual islands of mucosa, and that is expression 
of a more advanced stage of the disease.

      To sum up, the major signs on barium 
examinations that may be seen in isolation or 
combination include [ 8 ]:

•    Strictures (Fig.  9.3 ) and associated dilatation 
of the bowel proximal to narrowed areas. 
Strictures may vary in length and have to be 
differentiated from physiological narrowing 
due to peristaltic waves: the former do not 
contain normal mucosal folds and usually 
result in dilatation of the upstream bowel, 
while the latter are usually transient and 
smooth, with normal mucosal folds traversing 
them and the upstream bowel is normal. In 
presence of marked small bowel irritability 

and spasm “the string sign” may occur and the 
area of narrowing often widens as the peristal-
tic wave reaches the affected segment.

•      Ulcers. “Aphthous ulcers” are erosions whose 
radiological appearance is that of shallow 
depressions, 1–2 mm in diameter, with a sur-
rounding radiolucent halo. The presence of 
fi ne ulceration combined with mucosal edema 
is responsible of to the so-called cobblestone 
appearance.  

•   Thickening, distortion, or effacement of 
mucosal folds.  

•   Separation of bowel loops due to bowel wall 
thickening or an infl ammatory mass.  

•   Signs of malabsorption.    

  Fig. 9.2    Small bowel enteroclysis images show coarser 
villous pattern together with thickening and distortion of 
mucosal fold       
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 Concerning the evaluation of the most com-
mon complications of Crohn’s disease, the main 
signs on barium studies are reported below [ 8 ]:

•    Fistulae (Fig.  9.3 ) are due to transmural 
involvement of the disease in an advanced 
stage, and they link a small bowel loop to 
other small bowel loops, colon, bladder, or 
vagina. Prefi stulas are seen as kissing lesions, 
while fi stulas cause a premature fi lling of a fi s-
tulized organ, but when the fi stula is between 
adjacent loops of the small intestine, it can be 
diffi cult to detect.  

•   Abscesses are the result of extension of 
infl ammatory lesions beyond bowel wall, and 
their presence can be suggested on barium 
studies by mass effect.  

•   Stenoses are due to the worsening of the stric-
tures. Enteroclysis helps in differentiating a 
true stenosis from a functional narrowing, 
since the resistance to lumen distention during 
the enema is a useful feature to confi rm the 
presence of a true stenosis. Some patients may 
present with multiple stenoses, as an advanced 
and complicated stage of skip lesions.    

 Considering the above-described radiological 
signs and the pathological changes of Crohn’s 

disease, it is possible to recognize a classifi cation 
system from early lesions characterized by fold 
thickening, aphthous ulcerations, and coarse 
granularity of the villi, but with normal contrac-
tion of bowel wall, to intermediate and then 
advanced lesions, whose features are “ulceronod-
ular” pattern (“cobblestone”) in a narrowed seg-
ment, pronounced wall thickening and possible 
strictures; fi nally, the presence of complications 
due to Crohn’s disease is indicative of the fourth 
and last stage [ 10 ]. 

 Furthermore, conventional SBE may help in 
the diagnosis of Crohn’s disease in patients with 
high clinical suspicioun of disease with a nega-
tive computed tomography enteroclysis examina-
tion [ 11 ,  12 ]. 

 Moreover, during conventional enteroclysis, 
patient’s ionizing radiation exposure is not negli-
gible. Metter et al. [ 13 ] demonstrated that 
medium radiation dose exposure during the pro-
cedure is 8 mSv, including the fl uoroscopic eval-
uation; this dose has to be compared with the 
exposure of 0.1 mSv for a posteroanterior and 
laterolateral chest x-ray. 

 Moreover, the chronicity of disease often 
leads to repeating the radiologic examination in 
these patients, and for this reason, the benefi t/risk 
rate between utility of examinations and ionizing 
radiation exposure must be kept in mind, espe-
cially in young population.     
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      US in Infl ammatory Bowel 
Diseases                     

     Di     Grezia     Graziella    ,     Gatta     Gianluca    , 
    Berritto     Daniela    ,     Iacobellis     Francesca    , 
    Reginelli     Alfonso    ,     Gagliardi     Giuliano    , 
    Grassi     Roberta     , and     Cappabianca     Salvatore   

        Ultrasonography plays a multipurpose role in the 
different phases of idiopathic and non-idiopathic 
infl ammatory bowel diseases. Even if abdominal 
ultrasound is most commonly used for the evalu-
ation of parenchymatous abdominal organs, its 
utility in intestinal imaging tract has developed in 
the last years, thanks to improvements of tech-
nology and higher quality of images. The wide 
availability, joined with the absence of invasive-
ness and pain, makes it a clinically crucial imag-
ing method in the diagnosis and follow-up of 
these complex and diffuse diseases. 

 Idiopathic infl ammatory bowel diseases 
(Crohn’s disease [CD], ulcerative colitis [UC], 
and indeterminate colitis [IC]) are probably 
related to an incongruous response of bowel 
mucosal immune system to gastrointestinal fl ora 
and/or ingested food antigens [ 1 ], typically pres-
ent a peak of incidence during late adolescence 
and earlier adulthood and a second peak later in 

adulthood [ 2 ], and are characterized by similar 
clinical pictures and a lifelong relapses and remit-
ting course that can deteriorate the quality of life 
[ 3 ,  4 ]. 

 Crohn’s patients can develop disease anywhere 
in the gastrointestinal tract, although the most fre-
quent location is the terminal ileum; the earliest 
changes are hyperemia and edema involving the 
mucosa and submucosa; the progression of the dis-
ease can cause aphthoid or superfi cial ulcerations 
up to a fi stulizing, fi brostenotic, or infl ammatory 
pattern, often associated with extramural manifes-
tations (fi stulas, abscesses, adhesions, lymph node 
enlargement, fi brofatty proliferation). 

 UC exclusively affects the superfi cial layers of 
the colon with a continuous spreading from distal 
to proximal section; rectum can be involved or 
spared. The disease is characterized by small or 
large mucosal erosions with edema and/or thick-
ening of submucosa, due to fat deposition. 

 In case of colonic features overlapping of CD 
and UC or diagnostic diffi culties in differential 
diagnosis, the disease could be classifi ed as IC; 
usually we can fi nd the typical pattern of UC with 
transmural infl ammation [ 4 ]. 

 Clinical suspicion of IBD needs radiographic, 
endoscopic, and pathological confi rmation, infor-
mation about the extent of the disease, and long- 
term follow-up [ 6 – 9 ]. 
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10.1     Examination Performance 
Requirements 

 The main advantage of intestinal ultrasound is 
the low cost and the availability in all hospitals 
that provides real-time information in an expert 
radiologist [ 10 ]. 

 The exam does require only 6 h of fasting to 
reduce postprandial peristalsis and luminal air; 
some authors suggest the injection of an oral con-
trast media, an isoosmolar polyethylene glycol 
solution (SICUS) that can mime the small bowel 
follow-through with high accuracy (100 % sensi-
tivity, 97 % specifi city) [ 11 ,  12 ]. 

 The exam starts with a global evaluation of the 
abdomen using a convex multifrequency probe 
(3.5–5 MHz) applying an appropriate abdominal 
compression to move the intestinal content, such 
as stool and air, and to evaluate the stiffness of a 
tissue and the reaction after this maneuver. The 
exam continues with a focused high-resolution 
study (7–12 MHz) with high-quality images; in 
this case, due to the less penetration of the probe, 
the abdominal compression is required to 
decrease the distance between the transducer and 
the loops. The operator should do a gradual and 
not marked abdominal compression to improve 
the visualization of the layers and to avoid a 
change in the thickness of the intestinal wall and 
infl uence in the measurements [ 13 ].  

10.2     Ultrasonographic Features 
of Small Bowel Anatomy 

 The small intestine can be differentiated from the 
colon, thanks to the arrangement of gas waves, 
conniventes valvulae (especially in the presence 
of fl uid), and the peristaltic capacity; above and 
below the umbilical region, we can generally 
fi nd, respectively, the jejunal and ileal loops. 

 The physiological appearance of the small 
bowel wall at ultrasonographic exam is of fi ve 
concentric layers with different echogenicities; 
each layer does not correspond exactly to a histo-
logic layer, but rather an interface between adja-
cent layers [ 14 ]. The fi rst layer is the echogenic 
interface, followed by a hypoechoic mucosa, an 
echogenic submucosa, a hypoechoic muscular 
layer, and an echogenic interface between the 
serosa and the adjacent fatty mesentery [ 15 ]. 
However, there is evidence that the muscular and 
submucosal layers correspond to those identifi ed 
on the ultrasonography [ 16 ,  17 ]. 

 Many authors established the physiological 
range of the thickness of the intestinal wall from 
1 to 5 mm, due to the equipment and frequencies 
used, the different scanning techniques, and the 
degree of abdominal compression during mea-
surement (Fig.  10.1 ).   

 Currently, the majority of the authors consider 
normal a wall, using a midline abdominal compres-

  Fig. 10.1    ( a ,  b ) shows thickening and lack of compressibility of bowel loops (Courtesy of Giuseppe Cabibbo 
Gastroenterology Section Specialistic and Internal Medicine Biomedic Department - Palermo University)       

a b 
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sion, if the thickness is below 3 mm in the distended 
bowel and 5 mm in the nondistended bowel [ 18 ].  

10.3     Ultrasonographic Features 
of Infl ammatory Bowel 
Diseases 

 Intestinal ultrasonography allows to visualize the 
lack of compressibility, thickening, narrowing, 
and the loss of normal stratifi cation and motility 
of the pathologic loops. 

 They can appear conglomerate and can coex-
ist with mesenteric thickening, increased lymph 
nodes, abdominal fl uid, and, in selected cases, 
abscess, fi stulas, and stenoses related to dilations 
of the upper loops [ 19 ] (Fig.  10.2 ). 

 The location of the disease infl uences the 
diagnostic accuracy that is proportional to the 
accessibility of the anatomic area, such as the ter-
minal ileum and left colon. The diagnostic accu-
racy is lower for upper small bowel and rectum 
[ 20 ] in overweight patients [ 21 ], in the detection 
of superfi cial lesions [ 22 ], and in case of proxi-
mal and anorectal involvement. 

 For these reasons, there is no cumulative value 
of diagnostic accuracy, but a range of sensitivity 
from 75 to 92 % and of specifi city from 67 to 
100 % [ 23 ]. 

 In general, the magnitude of US changes has a 
high correlation with endoscopic and histological 

magnitude of alterations and a weak correlation 
with indexes of clinical activity and biomarkers, 
especially in fi stulas (sens. 71.4 %, spec. 95.8 %, 
acc. 85.2 %) and abscesses (acc. 88.5 %) evalua-
tion [ 24 ].  

10.4     IBD Differential Diagnosis 

 Differential diagnosis in infl ammatory bowel dis-
ease is related to the localization of the disease 
and the involvement of terminal ileum rather than 
ultrasonographic features. 

 Terminal ileum is involved in Crohn’s dis-
ease in over 70 % of cases, with transmural and 
discontinuous thickening of the wall with stric-
tures and in some cases a linear path through all 
the bowel layers that can become a fi stula [ 25 ] 
that, occasionally, can be complicated by an 
access. 

 Ulcerative colitis typically involves only the 
large intestine, from the rectum to the cecal 
region, and involves only the mucosal layer 
with the development of ulcers that only in 
selected cases can deepen, such as in toxic 
megacolon. 

 Other feature that can be distinguished 
between CD and UC from a specifi c or non- 
idiopathic infl ammatory bowel disease is the 
involvement of mesenteric fat near the pathologi-
cal loops.  

  Fig. 10.2    ( a ) splenic fl exure involvement of Crohn disease with ( b ) dilation of upper loops (Courtesy of Giuseppe 
Cabibbo Gastroenterology Section Specialistic and Internal Medicine Biomedic Department–Palermo University)       

a b 
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10.5     Advantages of 
Ultrasonography in IBD 

 In case of suspected infl ammatory bowel disease, 
ultrasonography is the fi rst-level examination 
that can provide general information on abdomi-
nal status, but its accuracy is very low, due to the 
inability to differentiate infl ammatory, neoplas-
tic, or infectious wall thickening [ 26 ]. 

 Even if extraintestinal fi ndings are present and 
can improve diagnostic accuracy, a histological 
examination is mandatory to confi rm the pres-
ence of infl ammatory bowel disease, to differen-
tiate between idiopathic and non-idiopathic form, 
and to diagnose the kind of IBD [ 27 ]. 

 The extension of disease can be evaluated 
with a good diagnostic accuracy if the disease 
involves the ileum, descending colon, and sigma; 
the diagnosis is very hard if there are localiza-
tions in the duodenum, proximal jejunum, and 
rectum [ 20 ]. 

 Ultrasonography can help also in the evalua-
tion of infl ammatory bowel disease  complica-
tions . Intra- or retroperitoneal  abscesses  usually 
are hypo-anechoic image with undefi ned borders 
and with or without echogenic content. 

 Fistulas are visualized as tracts or hypoechoic 
areas from a thickened intestinal loop. They can 
be classifi ed as enteroenteric, enterovesical, and 
enteromesenteric [ 28 ,  29 ] with a sensitivity of 
82 % if compared with entero-MRI [ 30 ]. 

 For the detection of internal fi stulas, the com-
bination of small bowel enteroclysis and US sig-
nifi cantly improved diagnostic accuracy (small 
bowel enteroclysis 84 %, US 85 %, combination 
91 %) [ 19 ]. 

 Ultrasonography has a high sensitivity in the 
detection and the characterization of thickened, 
narrowed, and aperistaltic loops and in the evalu-
ation of prestenotic dilation, often associated to 
liquid distension or echogenic content [ 31 ].  

10.6     Disease Activity 

 Infl ammatory bowel disease activity can be 
determined by analyzing wall thickening, loss 
of echostructure wall, fi brofatty proliferation, 
and lymphadenopathy, but the main criterion is 
the degree of parietal vascularization 
[ 32 ,  33 ]. 

 Color and power Doppler imaging usually is 
performed with parameters optimized to detect 
low-velocity and low-fl ow states (pulse repeti-
tion frequencies 800–1500 Hz, wall fi lter 
40–50 Hz, maximal color signal gain immedi-
ately below the noise threshold, high levels of 
color versus echo priority, and color persis-
tence) [ 34 ]. 

 The intensity of the vascularity may be sub-
jectively categorized as mild (small focal area 
of color signal), moderate (multiple areas of 
weak color signal), or marked (multiple areas 
of color signal) because some studies have 
found that increased vascularity of the diseased 
bowel wall correlates with the activity of the 
disease [ 35 ]. 

 Doppler and sonographic parameters of the 
superior mesenteric artery are signifi cantly 
 correlated with disease activity in nonoperated 
and noncomplicated Crohn’s disease [ 36 ]. 

 The use of power Doppler US has been sug-
gested to improve the diagnostic accuracy of 
US, particularly in discriminating infl ammatory 
from fi brotic strictures, in better defi ning the 
presence of internal fi stulas, and in differentiat-
ing these lesions from intra-abdominal 
abscesses [ 37 ]. 

 The availability of dedicated contrast-spe-
cifi c techniques with microbubble contrast 
agents has enabled ultrasonography to obtain 
information regarding the perfusion behavior 
of the organs and their diffuse or focal 
diseases [ 38 ]. 
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 It might help in characterizing bowel wall 
thickening by differentiating infl ammatory vas-
cularization, edema, and fi brosis and may help to 
grade disease activity by assessing the presence 
and distribution of vascular perfusion within the 
layers of the bowel wall, although it is limited to 
the evaluation of a specifi c loop. 

 The high transmit power insonation produces 
extensive microbubble destruction with the pro-
duction of a wideband irregular harmonic signal. 
Low transmit power insonation (about 30–70 KPa) 
produces microbubble resonance with production 
of regular harmonic frequencies and allows real-
time scanning, and it is the technique of insonation 
which is usually in the clinical practice. 

 Four different perfusion patterns of bowel 
enhancement related to Crohn’s activity have 
been recently proposed: (a) a complete enhance-
ment of the entire wall section, from the mucosal 
to the serosal layer; (b) the absence of enhance-
ment only in the outer border of the muscularis 
propria; (c) the absence of enhancement both in 
the outer and in the inner borders of the bowel 
wall and enhancement only in the intermediate 
layer; and (d) the complete absence of enhance-
ment in the entire wall section [ 39 ]. 

 CEUS can become the most useful imaging 
modality in the differential diagnosis between 
fi brotic and infl ammatory thickening and in the 
detection of possible disease complications 
(abscess, phlegmons and fi stulas). CEUS can 
assess the effi cacy of medical therapy in reducing 
bowel wall vascularity in patients with chronic 
infl ammatory disease and has a strong correla-
tion with the CDAI (sens. 93.5 %, spec. 93.7 %, 
acc. 93.6 %, correlation coeffi cient 0.74; 
 P  < 0.0001) [ 40 ]. 

 CEUS allows real-time assessment of the 
bowel wall perfusion with the highest temporal 
resolution of all imaging techniques and with a 

spatial and contrast resolution that rivals that of 
CT and MRI.  

10.7     Recurrences and Follow-Up 

 Patients affected by infl ammatory bowel disease 
should be monitored frequently to assess the 
response to medical treatment with a noninvasive 
and well-tolerated technique, without using ion-
izing radiation, and ultrasonography meets all 
these requirements. 

 Relapses in patients with a good clinical 
response have been related to the exacerbation of 
infl ammatory activity; the residual hyperemia 
evaluated with color Doppler or with contrast 
agents can identify patients with incomplete his-
tological remission refl ecting subclinical infl am-
mation, with increased susceptibility to relapse. 

 Quantitative techniques in ultrasonography 
with contrast agents can measure changes in the 
mural enhancement refl ecting the response to 
therapy in monitoring the infl ammatory disease. 
It has been proven that there is a signifi cant 
reduction in the enhancement in patients with 
clinical response to biological treatments. 
However, to date there are no studies demonstrat-
ing that this assessment adds information to that 
provided by Doppler ultrasonography [ 41 ]. 

 All studies showed a high accuracy of US for 
the diagnosis of postsurgical recurrence in CD, 
detecting almost all cases of severe or compli-
cated recurrence, as well as high sensitivity and 
specifi city in differentiating mild from severe 
recurrence, especially after giving oral contrast. 

 In conclusion, in known Crohn’s disease fol-
lowing disease course and evaluating relapses 
and extramural manifestations, US is an excellent 
tool (sens. 88.4 %, 93.3 %, acc. 90.4 %) [ 42 – 44 ] 
(Table  10.1 ).
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11.1           Introduction 

 Since the fi rst studies suggesting its possible role 
in the management of Crohn’s disease (CD) 
patients [ 1 ], multidetector computed tomography 
(MDCT) has usually been considered a useful 
diagnostic technique in CD for the detection of 
extraenteric complications, as intra-abdominal 
abscesses, the study of strictures, prestenotic 
dilatations, fi stulas, and postsurgical complica-
tions [ 2 ]. Moreover, it is a widely available tech-
nique and is considered the gold standard in 
emergency. 

 Conventional enteroclysis has been the most 
widely used technique for identifying the sites of 
disease (often multifocal) and assessing possible 
complications for years [ 3 ]. However, many lim-
its pertained to this technique as its inability to 
provide direct information on the degree of extra-
mural involvement and the presence of complica-
tions [ 3 ]. 

 To overcome these limitations, investigators 
proposed the use of MDCT enteroclysis 
(EC-MDCT) that can be obtained by means of a 

fairly large amount (1500–2000 mL or more) of 
contrast agent administered orally or by the 
positioning of a nasojejunal tube; this technique 
usually allows the evaluation of the colon as 
well [ 2 ]. However, the need for nasojejunal 
intubation made MDCT enteroclysis poorly tol-
erated by patients, so its use was precluded in 
some cases [ 3 ]. Hence, MDCT enterography 
(EG-MDCT) was introduced [ 4 ] in 1997: for 
this technique, patients are required to drink 
approximately 1.5–2 l of oral contrast over 
45–60 min. Computed Tomography (CT) is 
largely used in CD population, so that Brenner 
et al. demonstrated that CT studies are account-
able for 51 % of the effective dose in CD 
patients [ 5 ]. 

 Moreover, EC-MDCT has shown to be able to 
modify clinical management of CD in 62 % of 
patients with symptomatic disease [ 6 ].  

11.2     MDCT Enteroclysis 

 The introduction of MDCT technology has 
allowed the evaluation of organs, such as the 
small intestine, that have a tortuous course, 
obtaining isotropic or near-isotropic resolution 
voxels of the abdomen and pelvis with 16-section 
or higher MDCT scanners in a reasonable breath 
hold, thus allowing the creation of coronal and 
sagittal reformations of similar resolution as 
transverse images [ 7 ]. 
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 In the 1980s and 1990s, considering the high 
diagnostic accuracy of CT studies of the small 
bowel for identifying the typical signs of dis-
ease on the bowel wall and possible complica-
tions [ 8 – 11 ], it was suggested to combine the 
conventional enteroclysis technique, involving 
nasojejunal intubation and methylcellulose 
administration, with CT [ 12 – 14 ]. To distend the 
bowel loops, several types of intraluminal con-
trast media have been used: positive, such as 
iodinated contrast agents [ 9 ]; negative, such as 
0.5 % methylcellulose [ 4 ]; or water or lipid con-
trast media [ 15 ]. 

 Patients have to do cathartic bowel prepara-
tion the day before the examination. 

 The  neutral contrast media  include water and 
methylcellulose and have attenuation similar to 
that of water; when neutral agents are used, intra-
venous contrast medium is also administered [ 3 , 
 7 ,  16 ]. These neutral contrast media allow better 
assessment of mucosal enhancement, mural 
thickness, and mesenteric vasculature. 

 Concerning the nasojejunal intubation, the 
balloon tip should be positioned at the level of the 
Treitz, and the balloon infl ated with 30 mL of air 
[ 7 ]. Thereafter, the rapid pressurized infusion of 
enteral contrast material and the use of an anti-
peristaltic agent allow an adequate bowel disten-
sion; on the other hand, the amount and rate of 
administration of intravenous contrast medium 
depends on the radiologist’s individual prefer-
ence [ 7 ,  16 ]. 

 If our aim is to distend large bowel, we failed 
since enteroclysis is aimed at distending just the 
small bowel while the distension of both small 
and large bowel requires also the retrograde 
bowel distension [ 17 ]. The distension of both 
small and large bowel raises the diagnostic accu-
racy of the examination because the refl ux of 
water from the cecum through the ileocecal valve 
into the terminal ileum combined with the orally 
ingested contrast material results in excellent 
luminal distension of both sides of the ileocecal 
area [ 18 ]. 

 The  positive enteral contrast material , as 
4–15 % water-soluble solution or a dilute (1 %) 
barium solution, does not require intravenous 
contrast medium injection and is mainly used to 
detect lower grades of small bowel obstruction 
and internal fi stula [ 3 ,  7 ,  16 ].  

11.3     MDCT Enterography 

 Intravenous contrast material-enhanced abdomi-
nopelvic MDCT following ingestion of a large 
volume of neutral oral contrast agent, typically 
1.5–2 L, is termed EG-MDCT [ 7 ]. Actually, 
EG-MDCT has a consolidated role in the man-
agement of CD, and, in referral centers, the num-
ber of EG-MDCT has continued to grow while 
the number of barium examinations decreased 
[ 19 ]. 

 EG-MDCT provides practical advantages: 
EG-MDCT requires less time and no direct radi-
ologists’ exposure to ionizing radiation and is not 
invasive because it does not require intubation. 
Though increasing concern has been recently 
expressed about radiation exposure, especially in 
young women, children, and adolescents, sub-
mitted to repeat exams, EG-MDCT is easily 
accessible even in non-specialized centers and 
district hospitals while MR, which has the advan-
tages of avoiding radiation exposure and provid-
ing excellent depiction of soft tissues and of 
perianal fi stulas, is more expensive and 
 time- consuming since it has longer acquisition 
times and is not available in all radiological 
departments [ 19 ]. 

 Concerning the technique, all patients have to 
do a cathartic preparation the day before the 
examination. The day of the examination, it is 
important to obtain an adequate small bowel dis-
tension, and this is achieved through oral admin-
istration of approximately 1.5–2 l of oral contrast 
over 45–60 min prior to scanning. 

 The optimal volume of oral contrast that 
should be ingested has been extensively evalu-
ated by many authors; Maglinte [ 20 ] stated that a 
volume of <1.5 l is unlikely to be suffi cient to 
adequately distend the small bowel without 
active infl ammation. In pediatric patients and 
patients with history of previous small bowel 
resection, smaller volumes of oral contrast may 
be suffi cient, mainly considering patient toler-
ance [ 21 ]. 

 Boudiaf et al. [ 22 ] classifi ed small bowel dis-
tension using a grading system based on diame-
ters of jejunum and ileum grades 0–3 (where 0 
was for no distension and 3 was optimal disten-
sion). The evaluation of the small bowel is 
obtained just through oral contrast material, while 
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the good evaluation of the colon can be achieved 
through rectal water enema. Optimal distension 
of both small and large bowel raises the diagnos-
tic capability, thanks to a better distension that 
can be obtained in case of ileocecal valve inconti-
nence and to the less progression of oral contrast 
material caused by the presence of colon enema. 
The water enema can also improve the ileal dis-
tension in patients with ileocolostomy. 

 Before MDCT scan, all patients are usually 
injected with an i.v. anticholinergic drug (except 
in case of contraindication to the drugs) to mini-
mize potential artifacts due to peristaltic bowel 
movement, to obtain homogeneous small bowel 
distension, and to reduce abdominal discomfort 
[ 19 ]. Thereafter, EG-MDCT is performed before 
and after i.v. administration of iodinated nonionic 

contrast medium, with the patient in the supine 
position from the diaphragm to the perineum dur-
ing a single breath hold. 

 CD predominantly involves the mesenteric 
border of the small bowel, frequently leading to 
asymmetric infl ammation and fi brosis, with 
pseudosacculation of the antimesenteric border 
[ 21 ]. The most common EC/EG-MDCT signs of 
CD in the affected bowel loops are (Fig.  11.1 ) [ 3 , 
 19 ] the following:

•     Mural ulceration and mucosal pseudopolyps 
that lead to the cobblestone aspect of endos-
copy examination  

•   Bowel wall thickening, defi ned as pathologi-
cal if ≥4 mm on an adequately distended loop  

•   Mural hyperenhancement (Fig.  11.2 ) , defi ned 

  Fig. 11.1    Axial CT images in a patient with Crohn’s disease show the bowel wall thickening with mural stratifi cation 
( white arrows ) and comb sign, creeping fat (*), and fi stula between the ileal loops ( red arrow )       

  Fig. 11.2    ( a ) A precontrastographic axial CTE shows 
wall bowel thickness ( white arrow ) of the distal ileum 
with creeping fat (*); ( b ) the postcontrastographic scan in 

the same patient better shows the bowel wall stratifi ed 
thickness with marked mural hyperenhancement ( white 
arrow ), creeping fat (*), and engorgement of vasa recta       
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as segmental greater enhancement in all or 
part (in the case of mural stratifi cation) of the 
small bowel wall

•      Stenotic bowel segments (diameter <3 cm) 
with prestenotic dilatation    

 The cobblestone pattern is due to transmural 
ulcerations that are detected by discontinuity of 
the mucosa, associated with “clefts” in the thick-
ened wall; these features are also recognized at 
the histologic evaluation [ 21 ]. Moreover, these 
ulcerations may penetrate through the wall 
 forming a small periluminal abscess. 

 Mural stratifi cation is due to the visible layers 
of the infl amed wall of the small bowel loops that 
is demonstrated after intravenous contrast 
medium injection in the enteric phase [ 21 ]. The 
mucosa and serosa show an intense enhance-
ment, but the intervening bowel wall enhances to 
a varying degree, either due to intramural edema, 
indicating active disease, or intramural fat, indi-
cating chronic infl ammation [ 21 ]. 

 Another important sign is the enhancement 
and thickening of the perivisceral fat [ 3 ]. 
Fibrofatty proliferation (known as “creeping fat” 
of the mesentery) (Figs.  11.1  and  11.2 ) refers to 
fatty deposition along the mesenteric border of 
bowel segments affected by CD. Increased fat 
density refers to fl uid density in the fat surround-
ing thickened or abnormally enhancing bowel 
resulting from infl ammatory infi ltration of the 

perienteric adipose tissue. The “comb sign” 
(Figs.  11.1  and  11.2 ) refers to the hypervascular-
ity of the involved mesentery because of the 
 presence of dilated and tortuous vasa recta that 
penetrate the bowel wall perpendicular to the 
bowel lumen, mimicking the appearance of a 
comb. Mesenteric lymphoadenopathies located 
near the affected intestinal segments are usually 
considered pathological if their transverse diam-
eter is >15 mm. 

 Moreover, enlarged lymph nodes can be 
detected along the course of the ileocolic vein 
and mesenteric root, but just in few cases, their 
maximum transverse diameter exceeds 15 mm 
[ 3 ]. In most of the patients, the mucosa of the 
thickened loops shows intense contrast enhance-
ment after contrast medium injection, with 
engorgement of the mesenteric vasa recta (comb 
sign) [ 3 ]. 

 However, considering that focal small bowel 
spasm is frequently encountered mimicking short 
strictures, despite the use of antiperistaltic agent, 
it is important to identify lack of mucosal hyper-
enhancement and absence of mesenteric abnor-
mality to distinguish spasm from true pathology. 

 Concerning the radiological evaluation of 
response to therapy in patients with CD, an 
assessment of the disease activity is useful 
 considering that effi cacious therapies for CD that 
may modify the natural history of the disease are 
available [ 19 ]; hence, there is increasing clinical 

  Fig. 11.3    A-axial and B-coronal CTE images of an enteroenteric fi stula with perivisceral fat involvement       
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and research need for a reproducible and vali-
dated activity scoring system to quantify infl am-
matory activity over time [ 23 ]. Lymph node 
enlargement and free abdominal fl uid have been 
recognized in active phase of CD [ 20 ] and even if 
Minordi et al. [ 24 ] tried to create a semiquantita-
tive score system (CTE0–CTE3) using the endo-
scopic Rutgeerts score, actually , there is not a 
widely accepted scoring system for CD severity 
assessment [ 23 ]. 

 Finally, the presence of abdominal free fl uid 
and other complications related to the disease are 
assessed in patients with CD. The MDCT study 
after distension of bowel loops is also useful in 
depicting fi stulas (Fig.  11.3 ) and other extraintes-
tinal complications of CD [ 25 ], such as abscesses 
(Fig.  11.4 ), and in patients suspected of having 
small bowel obstruction, proved to be superior to 
conventional MDCT for the diagnosis of lower 
grades of bowel obstruction [ 26 ].

  Fig. 11.4    Patient with advanced stage fi brostenotic 
Crohn’s disease who had undergone viscerolysis, right 
hemicolectomy, ileotransverse anastomosis 3 years 
before CT. ( a ) The colonic side of anastomosis shows 
thickened walls ( white arrow ) for a length of about 
13 cm with marked postcontrastographic mucosal 
enhancement; pseudopolyps and interspersed minute 
undermined ulcerations are visible in the mucosa, as a 
typical localization of Crohn’s disease. In the same fi g-
ure part, it can be noticed on the right paramedian region 
of the mesenterial root a newly formed infl ammatory 
fl uid collection ( red arrow ), with thick walls that are 
hyperdense after contrast medium injection; this abscess 
is in contiguity with mesenteric vessels of the right abdo-
men, with the duodenum and the uncinate process of the 

pancreas. ( b ) From the abovementioned fl uid collection, 
many fi stulous tracks origin; these latter connect the 
abscess in the mesenterial root with other two infl amma-
tory fl uid collections: the fi rst ( white arrow ) is at the 
level of the duodenum and of the head of the pancreas 
and has air bubbles within and the second ( red arrow ) is 
a pericholecystic abscess (maximum diameter 4 cm) 
which is in contiguity with the surrounding liver paren-
chyma. The involvement of liver presents with a post-
contrastographic heterogeneous density of the 
parenchyma near the pericholecystic abscess ( c ) and 
with an hepatic abscess ( white arrow ) that is also respon-
sible of postcontrastographic heterogeneous density of 
the near parenchyma ( d )       
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    Another important complication of CD is 
bowel obstruction caused by fi brostenotic or 
infl ammatory pattern; moreover, if there is a his-
tory of abdominal surgery, adhesions are also a 
possible cause [ 7 ]. 

 When CD is located in the large bowel, it must 
be distinguished from the chronic infl ammatory 
disease due to ulcerative colitis (UC). This dif-
ferential diagnosis is more easily performed 
through the distension of both small and large 
bowel (oral anterograde and bowel retrograde 
distension) which allows also a better evaluation 
of the disease. 

 UC mainly affects the rectum, and then it can 
extend proximally to the descending, transverse, 
ascending colon, and cecum. Lesions in UC are 
characterized by infl ammation of the mucosal 
layer, which is hyperemic and slightly thickened 
without or with low submucosal and muscle lay-
ers involvement and with lower mesentery fat 
stranding compared to CD. 

 It is also important to underline that, as fi rstly 
described in 1949 by McCready et al., about 
10 % of patients with UC infl ammatory fi ndings 
can be found in the terminal ileum, termed as 
backwash ileitis, with infl ammation adjacent to 
the ileocecal valve [ 27 ]. 

 Differential diagnosis that should be kept in 
mind in CD patients is Meckel’s diverticulum, 
which is about 40–60 cm from the ileocecal valve 
and may contain heterotopic gastric mucosa, 
small bowel GISTs, which may show an inhomo-
geneous intestinal bowel thickening, ileal endo-
metriosis, which appear in female patients as 
nodular wall thickening and whose presence has 
to be related to patient’s symptoms, and adeno-
carcinoma or metastases in oncologic patients. 

 Moreover, some typical MDCT signs of IBD 
may be encountered in other diseases:

•    Comb sign without skip lesions in small bowel 
carcinoid  

•   Distal ileal loop hyperemia without thickened 
and layered bowel wall in infectious ileitis  

•   Thickened distal ileal loop hyperemia but with-
out layered bowel wall or  inhomogeneously 
and poor enhancing asymmetric bowel wall 
thickening in lymphoma  

•   Inhomogeneously enhancing and asymmetric 
bowel wall thickening in metastases from 
melanoma  

•   Bowel wall thickening extended for longer 
bowel segment without skip lesions in 
Cytomegalovirus enteritis  

•   Stenotic thickening of bowel wall in graft-
versus- host disease    

 The evaluation of the severity of the abdomi-
nal disease is improved by the use of latest gen-
eration of workstations that are particularly 
useful to exceed an intrinsic limit of the tech-
nique which is the absence of multiplanarity. In 
particular, the use of MPR, slabMPR, slabMIP, 
slabVR, and VR allows a better assessment of 
potential fi stulas and abscesses as well as their 
relationships with the surrounding anatomical 
structures. The use of curvilinear MPR (CPR) 
could theoretically put in one plane the entire 
affected intestinal tract, thus allowing a better 
assessment of its extension.  

11.4     EC-MDCT Versus EG-MDCT 

 Regarding EC-MDCT, nasojejunal intubation is 
poorly tolerated by patients, precluding execution 
of the examination in some cases. The discomfort 
associated with nasoenteric tube placement may 
be alleviated with the use of conscious sedation 
and smaller tubes [ 28 ]. However, the limits of 
MDCT enteroclysis are not just related to 
patients’ discomfort but also to the increased 
costs related to the addition of MDCT to entero-
clysis, the additional radiologist time required for 
catheter placement and the highest exposure of 
patients and staff to radiation during the nasojeju-
nal intubation, even if MDCT technology has 
improved dose effi ciency [ 29 ]. Furthermore, the 
invasiveness of the procedure raises concern for 
complications such as bowel perforation, enteral 
contrast material aspiration, or respiratory depres-
sion from sedation [ 7 ]. In some patients, entero-
clysis cannot be performed because of inability to 
place the tube in an adequate position [ 7 ]. 

 The main advantages of EG-MDCT over 
imaging alternatives are its widespread access, 
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together with rapid scan times and high-quality 
diagnostic images, even in claustrophobic patients 
who are unable to lie fl at for long periods and/or 
reliably hold their breath [ 23 ]. 

 However, some limitations pertain to 
EG-MDCT since it is currently unable to match 
the exquisite soft tissue contrast afforded by 
magnetic resonance enterography and does not 
provide functional motility information as it is 
possible using ever-improving cinematic MRI 
techniques/sequences [ 23 ]. 

 Furthermore, there are some clinical scenarios 
in which EG-MDCT cannot be considered the 
appropriate examination as in CD patients with 
recurrent small bowel obstructions and in whom 
a previous EG-MDCT has been performed or in 
patients who cannot receive intravenous iodin-
ated contrast medium due to chronic kidney dis-
ease [ 30 ]. 

 The ionizing radiation exposure of CD patients 
in an important question in world literature; in fact 
Brenner et al. [ 5 ], demonstrated that the median 
total effective dose in a population of 103 patients 
was of 26.6 mSv, greater than in a UC population.     
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       Magnetic resonance imaging (MRI) is actually 
the most complete and less invasive imaging 
technique in the evaluation of Crohn’s disease 
(CD). Compared to CT and US, MRI allows 
both a morphological and qualitative evaluation 
of the disease at the same time, thus allowing an 
evaluation of its extension in the gastrointestinal 
tract and of its grade of activity, obtaining an 
accurate relation with the clinical status of the 
patient. 

 This is possible thanks to its intrinsic charac-
teristics, as multiplanarity, high contrast resolu-
tion, and the possibility to make a functional 
assessment; moreover, there is no use of ionizing 
radiation. For all these reasons, this technique has 
a high diagnostic potential. 

 Even if the costs are still moderately elevated 
(both in economic terms and in terms of acquisi-
tion time) and the accessibility is partially lim-
ited, to date MRI should be considered the fi rst 
choice examination in the study of patients with 
CD and the gold standard in the follow-up of 
young patients [ 1 ]. 

 MRI is actually used to study both small and 
large bowel, and the perianal region, whose 
 pathological aspects and imaging will be dis-
cussed in the next chapter. 

12.1     Technical Aspects 

 Technical aspects can be easily divided in two 
key moments: patient preparation and MR images 
acquisition. 

12.1.1     Patient Preparation 

 Scientifi c literature agrees on the need for an 
 adequate cathartic preparation of the whole intes-
tine before performing a MRI study of the small 
and/or large bowel. 

 In our institution, the cathartic preparation is 
performed asking the patient to drink a water 
solution with laxative effect the day before the 
exam together with a low-residue diet for the 
 preceding 3 days to reduce fecal matter in the 
colon and to allow an easier distension of the 
bowel necessary for the MRI study. 

 Table  12.1  shows the most used scheme for 
patients’ cathartic preparation. Although in some 
centers an adequate preparation is not considered 
mandatory, we strongly believe that no intestinal 
tract, mainly the large bowel, can be evaluated in 
absence of an adequate cathartic preparation.  
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 Regarding patient’s preparation, another 
important point is the distension with an endolu-
minal contrast medium. MRI evaluation is done 
with two kinds of contrast media, an endoluminal 
and an intravenous one (gadolinium). As already 
known in the literature, CD may affect all the 
digestive tract, from mouth to anus; excluding the 
proximal tracts (as oropharynx, esophagus, and 
stomach), which are usually less affected by the 
disease, MRI evaluation can evaluate both small 
bowel (MR enterography) and large bowel (colo-
nography- MR), with the possibility to simultane-
ously distend with different techniques both the 
small and large bowel. Obviously, small bowel 
distension is the most performed one since ileal 
location of the disease (last ileal loop) is the most 
common one. 

 The type of endoluminal contrast medium 
used for the study depends on several factors as 
costs, availability, tolerability, and intensitomet-
ric characteristics. According to the signal inten-
sity they produce on T1- and T2-weighted 

images, the endoluminal contrast medium is clas-
sifi ed in negative, positive, or biphasic. 

 The positive ones are represented by paramag-
netic agents (e.g., Gd, Mn); they are called posi-
tive agents because they produce high signal 
intensity on T1- and T2-weighted images (“bright 
lumen”). These agents facilitate the identifi cation 
of pathological wall thickening, but they can eas-
ily interfere with the assessment of the degree of 
wall enhancement; however, though being widely 
available, their use is limited by high costs. 

 Negative contrast media are superparamag-
netic agents (e.g., iron oxides, Ba). These agents 
are characterized by low signal intensity on T1- 
and T2-weighted sequences (“dark lumen”) thus 
improving the identifi cation of wall edema; 
unfortunately, they are too expensive and have an 
unpleasant taste. 

 Biphasic contrast agents (e.g., water, methyl-
cellulose and polyethylene glycol (PEG)) give 
high signal intensity on one sequence and low 
signal intensity on the opposite sequence. Thanks 
to this intrinsic feature, their low costs, good 
patient compliance, and wide availability, bipha-
sic agents are now the most used intraluminal 
contrast agent for MR enterography [ 2 – 4 ]. 

 As previously said, the optimal distension of 
small bowel plays a pivotal role in the evaluation 
of CD; this distension can be achieved through 
two techniques, enteroclysis and enterography. 

 In enteroclysis, the patient is fi rstly submitted 
to nasojejunal intubation under fl uoroscopic 
guidance, and the balloon tip is ideally positioned 
at the level of the Treitz. Afterward, the patient is 
transferred to the MRI room; here, endoluminal 
contrast medium is injected under MR dynamic 
fl uoroscopic sequence guide (single- shot T2W 
sequence, high slice thickness) 

 Endoluminal injection can be performed with 
a monophasic or a biphasic technique. 

 The fi rst technique is performed with a con-
tinuous infusion of 1.5–2 L of endoluminal con-
trast medium trough a manual pump (compatible 
with MR imaging), until the ileocecal valve is 
reached; then the distension is stopped and a 
spasmolytic agent is injected. 

 In the biphasic technique, the distension is 
obtained with a fl ow rate of 80–150 mL/min dur-

   Table 12.1    Cathartic preparation recommended for 
patients who have to be submitted to CT- or MR- entero-
clysis/enterography   

 Starting from 
3 days before 
examination 

 Low fi ber diet  Patients should avoid 
fried foods, sausage, 
bacon and hot dogs, 
nuts and seeds, 
luncheon meats, 
peas, lentils, 
legumes, dried 
beans, sushi, whole 
grain breads, 
pancakes, waffl es, 
high fi ber cereal, 
popcon, brown and 
wild rice, all raw and 
undercooked 
vegetables, cooked 
greens and spinach 
and gas forming 
vegetables, dried 
fruit, coconut, jams, 
marmalades 

 Starting from 
12 h before 

 Cleansing 
solution 

 A semiliquid diet 
and 2 L of water and 
polyethylene glycol 
solution 

 Starting from 
6 h before 
examination 

 Don’t eat or 
drink anything 
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ing the fi rst phase, until the contrast medium 
reaches the terminal ileum. During the second 
phase, refl ex atony is created with an increase in 
the fl ow rate to 200 mL/min; hence, it is not nec-
essary to inject any spasmolytic agent [ 5 ]. 

 MR enterography is performed after oral 
administration of the endoluminal contrast 
medium. The patient is invited to drink approxi-
mately 1.5–2 L of a solution with usually water 
and PEG [ 6 ] continuously and in a short span of 
time (in about 20 min). 

 Thereafter, no later than 30–40 min since the 
beginning of the ingestion of the contrast agent, 
MR images acquisition begins (Fig.  12.1 ).

   Both MR enteroclysis and enterography can 
be completed with large bowel distension to 
accurately evaluate all the bowel [ 7 ]. Large bowel 
distension is achieved in our department through 
an enema containing about 2000 ml of warm 
water. 

 Comparing MR enteroclysis and enterogra-
phy, many studies agree that enteroclysis allows a 
better bowel distension, while enterography may 
not turn into a complete and homogeneous dis-
tension of the bowel loops, mainly of the jejunal 
ones. 

 For this reason, it is recommended to the patient 
to drink the oral contrast medium  continuously 
and as fast as he can, since an  adequate distension 

determines a better accuracy in the detection of 
intestinal mucosal abnormalities. 

 However, considering diagnostic sensitivity 
and sensibility, both the techniques do not signifi -
cantly differ, mainly in the diagnosis and the 
characterization of the “stenoses” and “fi stulous 
tracks,” which are common in CD [ 8 ]. 

 Another key point is the use of ionizing radia-
tion for the correct positioning of the tip of naso-
jejunal tube, thus exposing patients to a minimal 
biological invasivity and to a discomfort caused 
by the intubation. 

 For the abovementioned reasons, many 
patients who were submitted to both MR entero-
clysis and enterography prefer the latter one. 

 Lastly, MR enterography is less time consum-
ing: nasojejunal intubation, x-ray evaluation of 
the correct position of the tip, and the contrast 
medium injection through MR fl uoroscopic guid-
ance signifi cantly lengthen the duration of the 
entire MRI. 

 On the other hand, using the enterography 
technique, the patient drinks the contrast medium 
and enters the magnet room ready for MR images 
acquisition.  

12.1.2     MR Imaging Acquisition 

 After the bowel distension, MR images are 
acquired. Nowadays, it is recommended to use 
high-fi eld MR scanners (at least 1.5 T). 

 The patient is usually placed in a prone posi-
tion; such a position facilitates separation of 
small bowel loops, and their ascent from the pel-
vic cavity decreases the volume of the peritoneal 
cavity and thus the number of imaging sections 
needed and reduces the abdominal wall move-
ment during breathing [ 9 ]. If patients do not tol-
erate this position, it is possible to place them in 
the supine one. 

 MR exam is performed using surface multi-
channel body coils (12 channels) that can increase 
the signal/noise ratio. 

 The following sequences are considered man-
datory in our protocol: steady-state free- precession 
(SSFP), single-shot fast spin echo (SS-FSE), 3D 
spoiled gradient echo (GE), and DWI. 

  Fig. 12.1    Coronal SSFP MR image shows a good ileal 
loops distension during an MR enterography; last ileal 
loop is easily detectable       
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 Except for DWI, all the other sequences are 
acquired on axial and coronal plane, including 
the whole abdomen and pelvic cavity. 

 The SSFP sequences (e.g., FIESTA, BFFE, 
TrueFISP) are acquired before contrast medium 
injection and without fat saturation and are not 
affected by bowel movements. They show a high 
contrast between the hyperintense mesenteric fat 
and the hypointensity of vessels, bowel wall, and 
lymph nodes. These sequences are usually 
acquired during a single respiratory apnea and 
usually show the typical chemical shift artifact 
which is sometimes responsible of disturbance in 
the evaluation of wall thickness. The SSFP 
sequences are useful in the extra-enteric evalua-
tion of CD. 

 SSFP sequences may be used for the “cine 
loop” technique [ 10 ], acquiring 15/25 phases of a 
single coronal section thus allowing the differen-
tial diagnosis between functional or mechanical 
stenosis. In this case it is important the spasmo-
lytic agent has not been previously injected [ 10 ]. 

 The single-shot-FSE sequences are acquired 
before contrast medium injection and with fat 
suppression (FAT-SAT); they are ultrafast 
sequences not affected by respiratory movement 
artifacts. They enhance tissues thanks to long T2 
relaxation time, increasing their spatial resolu-
tion. However, there are fl ow void artifacts due to 
the vessel blood movement. Fat suppression is 
used to enhance the “enteric” fi ndings as wall 
edema and ulcerations but also “extra-enteric” 
fi ndings as the presence of free fl uid or the thick-
ness and edematous stranding of mesenteric fat. 

 3D spoiled GE sequences are used before and 
after contrast medium injection. These sequences 
are T1 weighted, volumetric, and FAT-SAT, and 
they are affected by bowel peristaltic movements. 
For this reason, it is suggested the i.v. injection of 
a spasmolytic agent. Excluding contraindica-
tions, we suggest the intravenous injection of 
single or double dose of hypotonizing drug as 
hyoscine N-butylbromide or glucagon when the 
patient is already positioned on the scanning 
table, before the acquisition of the precontrasto-
graphic 3D spoiled GE sequence. It is usually 
then acquired a single coronal precontrasto-
graphic scan. After contrast medium injection 

(gadolinium), three coronal scans after 25, 40, 
and 70 s (arterial, enterographic, and portal 
phase) and a delayed axial scan centered on the 
pathological fi ndings are made; thanks to these 
scans, it will be possible a multiplanar evaluation. 
These sequences provide important information 
on wall thickness, grade of activity of the disease, 
and presence of fi stulous tracks and abscesses. 

 More recently, DWI sequences have been more 
and more used in the routine evaluation of 
CD. Many clinical studies underlined that on DWI, 
the presence of hyperintense bowel walls (due to 
restriction of the diffusivity of water molecules) is 
related to a high infl ammatory activity [ 11 ,  12 ]. 

 For this reason, we recommend to acquire at 
least images at two b values, between 400 and 
1000 s/mm 2 . If possible, it is useful to acquire 
images with the multi-b technique. Clinical stud-
ies demonstrate that this latter allow to create a 
unique ADC map with a possible increase of sen-
sibility, also reducing acquisition time.   

12.2     MR Findings 

 Crohn’s disease can be active or inactive and may 
present chronic fi brotic changes. 

 The objective of MRI is to diagnose CD, to 
assess the location, mural and extramural extent, 
and severity of disease, and to assess for com-
plications such as strictures, bowel tethering, 
obstruction, or abscess. 

 During the active phase of CD, the most com-
mon fi nding we can delineate is the typical cob-
blestone pattern, which is due to the simultaneous 
presence of both wall thickening greater than 
3 mm (Fig.  12.2 ), which is best assessed on 
single- shot TSE/FSE to avoid chemical shift 
 artifact on True FISP sequences, and transmural 
ulcerations, which are best accessed on single- 
shot TSE/FSE sequences and whose evaluation is 
highly dependent on the quality of luminal dis-
tention; however, early and superfi cial ulceration 
cannot be adequately demonstrated even with full 
luminal distention [ 3 ].

   The cobblestone pattern is best assessed on 
True FISP as fast spin-echo T2-weighted images 
are particularly prone to intraluminal fl ow artifact 
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and may be mistaken for cobblestoning (anti-
spasmodic agents are used to reduce fl uid fl ow in 
the lumen) [ 3 ]. 

 The acute infl ammatory changes associated 
are responsible of a hyperintense bowel wall on 
T2 FAT-SAT-weighted images due to mucosal 
and submucosal edema and increased enhance-
ment in bowel wall relative to adjacent loops 
on post contrastographic T1-weighted fat sup-
pressed sequences, due to mucosal hyperemia. 

 Regarding this latter characteristic, three main 
patterns of mucosal enhancement have been 
described, and these may help determine the 
likely level of disease activity [ 3 ]:

    1.    Stratifi ed contrast enhancement pattern, which 
results from an inner enhancing ring (hyper-

emic mucosa), poor submucosal enhancement 
(submucosal edema), and an outer enhancing 
ring (hyperemic serosa)   

   2.    Transmural contrast enhancement, which 
results from an intense homogeneous enhance-
ment affecting the entire wall (Fig.  12.3 )

       3.    Low level inhomogeneous contrast enhance-
ment, due to fi brosis    

  The mesentery adjacent to the affected bowel 
wall shows many abnormalities (Fig.  12.4 ) [ 3 ]:

•     Mesenteric edema (intermediate to high signal 
intensity of the mesenteric fat tissue on fat sat 
T2WI)  

•   Creeping fat or fat wrapping due to an 
increased mesenteric fat producing a mass 

a b

  Fig. 12.2    Coronal ( a ) and axial ( b ) SSFP MR images show concentric bowel wall thickening with bowel wall edema 
and substenotic lumen       

a b c

  Fig. 12.3    3D-GE coronal MR images. ( a ,  b ) Show an extensive location of Crohn’s disease in the last ileal loops with 
bowel wall involvement; ( c ) shows a small abscess ( arrowhead ) in the contiguous mesentery       
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effect (slightly decreased signal intensity of 
the fat adjacent to the affected bowel segment 
on single-shot TSE/FSE sequences)  

•   Infl ammatory mesenteric lymph nodes, 
 demonstrated by fat saturated sequences  

•   Increased mesenteric vascularity and engorge-
ment of the vasa recta (comb sign) seen as 
short parallel lines with low signal intensity 
on true FISP sequences and high signal inten-
sity on post contrast T1 (Volume Interpolated 
GRE sequences).    

 Another important goal of MR in CD is the 
assessment of its complications. MRI proved to 
be equal or superior to CT at characterizing extra- 
enteric complications [ 13 ]. According to the 
occurring complication, we can distinguish three 
subtypes of CD, fi stulizing, fi brostenotic, and 
reparative one [ 14 ]. 

 The fi stula forming subtype of disease is char-
acterized by severe infl ammation with progres-
sion to transmural ulcers or fi ssures that then 
penetrate the bowel muscle layer involving the 
adjacent mesenteric tissue and thus leading to 
formation of blind-ending sinus tracts [ 15 ]. These 
sinus tracts appear as high-signal-intensity tracts 
on T2-weighted images and may result in fl uid 
collections, phlegmon, and abscesses; moreover, 
they may extend and communicate through the 
wall of an adjacent hollow organ and form a fi s-
tula [ 15 ]. Fistulas are seen on MRI as high-
signal- intensity tubular tracts between bowel 
loops on T2-weighted sequences with strong 

peripheral enhancement on post contrastographic 
T1-weighted images [ 3 ]. Fistulas can be entero- 
enteric, entero-colonic, enterovesical, enterovag-
inal, or enterocutaneous among others, but the 
anal ones are the most common [ 3 ]. Complicated 
fi stulas with abscesses or severe underlying 
bowel disease have to be adequately treated and 
followed up because they can lead to spontane-
ous intestinal perforation. 

 Regarding the fi brostenotic subtype of CD, we 
have to keep in mind that during the chronic 
phase of CD, the signs of acute infl ammatory dis-
ease moderately change since infl ammation leads 
to fatty infi ltration of the bowel wall, fi brofatty 
proliferation in adjacent mesenteric fat, and wall 
fi brosis. This latter may be responsible of stric-
tures and consequent bowel obstruction with 
marked prestenotic dilatation. However, this sub-
type should be differentiated from small bowel 
obstruction secondary to spasm associated with 
active infl ammatory disease [ 14 ]. Actually this 
differential diagnosis can be solved through the 
“cine loop” technique: an infl ammatory stenosis 
should open on cine imaging, while a fi brotic 
stricture does not [ 16 ]. 

 The evaluation of the involvement of mesen-
tery in CD plays a key role since the presence of 
creeping fat, comb sign, and extraparietal fi nd-
ings as fi stulas tracks and/or abscesses may result 
in an advanced stage of the disease. Due to its 
high contrast resolution and to multiplanarity, 
MRI is actually the most useful technique in the 
evaluation of mesenteric involvement of CD. 

a b

  Fig. 12.4    ( a ) 3D GE axial MR image shows a severe 
bowel wall thickening ( arrow ) with mesenteric involve-
ment (comb sign and infl ammatory mesenteric lymph 

nodes) and a small abscess that has a marked a reduction 
in the water molecules diffusion, as it can be seen in the 
DWI sequence ( b )       
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 Lastly, the inactive phase of CD is character-
ized by mucosal atrophy with focal areas of spar-
ing and regenerative polyps that do not show 
signifi cant hyperemia or mural edema, leading to 
the reparative or regenerative disease subtype 
[ 14 ,  15 ]. Luminal narrowing may be seen, but 
usually there are no signs of infl ammation or 
obstruction [ 15 ]. 

 However, the most common clinical scenario is 
the coexistence of the different patterns in the 
same patient, differentiating the active, fi stulizing, 
fi brostenotic and reparative subtypes depending 
on the predominant pattern of involvement [ 14 ].     
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13.1           Introduction 

 Transmural bowel infl ammation in Crohn’s disease 
(CD) is associated with the development of fi stulas, 
which are tracts or communications that connect 
two epithelial-lined organs. Common sites for fi stu-
las connect the intestine to bladder (enterovesical), 
to skin (enterocutaneous), to bowel (enteroenteric), 
and to the vagina (enterovaginal). 

 Anorectal fi stulas (often called fi stula in ano 
or cryptogenic fi stulas) represent one of the major 
perianal complications of CD. 

 The lifetime risk for developing a fi stula in 
CD patients is approximately 25–50 %, while 
rectovaginal fi stulas accounted for 9 % [ 1 – 6 ]. 

 The development of perianal fi stulas can result 
in considerable morbidity and inaccurate diagno-
sis before treatment may lead to irreversible 
functional consequences. Fistula is defi ned by an 
abnormal communication between the epithelial-
ized surface of the anal canal and (usually) the 
perianal skin. They develop in approximately 

20–30 % percent of patients [ 7 – 9 ] and in up to 
45 % of these patients they develop before the 
diagnosis of CD [ 10 ]. However, when perianal 
fi stulas are the initial presentation of CD, it may 
be diffi cult to distinguish from the ones seen in 
patients who do not have CD. 

 The pathogenesis of the fi stula in ano is controver-
sial and there have been several theories for its expla-
nation. The most cogent theory has a long history of 
advocacy starting in 1878 with Chiari [ 11 ], who sug-
gested the origin from an infection of the anal glands, 
which are located between the two layers of the anal 
sphincters and which drain into the anal canal. These 
glands were found to occur in the anal canal and to 
discharge their contents into the anus at the dentate 
line. It was postulated that infection of these glands 
was the cause of anal abscesses and fi stulas. 

 With anal fi stulas as with all other conditions, it 
is important to evaluate history and physical exam-
ination. Usually, patients refer a history of previ-
ous pain, swelling, and spontaneous or planned 
surgical drainage of an anorectal abscess, while 
clinical symptoms are usually perianal discharge, 
pain, external opening, swelling, and drainage 
[ 12 ]. If not adequately drained, fi stulas may lead to 
overwhelming soft tissue and fascial infection. 

 The classifi cation of the area involved with the 
fi stula is helpful in planning surgical intervention. 

 However, a knowledge of perianal anatomy is 
mandatory in order to better understand how 
perianal fi stulas develop and to more accurately 
classify fi stulas. 
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 There are two major muscular groups found in 
the anorectum (see Fig.  13.1 ) [ 12 ]:

•     The inner muscle group, which is a circular 
smooth muscle that hypertrophies distally and 
develops into the internal sphincter muscle.  

•   The external sphincter muscles, which are 
composed, starting distally, of the subcutane-
ous, superfi cial, and deep sections, followed 
by the puborectalis. The puborectalis muscle 
is the level of what is anatomically described 
as the anorectal ring and has been described as 
the “key to continence (Fig.  13.2 ).”

      The intersphincteric space is the surgical plane 
of dissection between the internal and external 
sphincters and is most frequently found between 
the longitudinal muscle and external sphincter, 
where it exists as a sheet of fat containing loose 
areolar tissue [ 13 ]. 

 The dentate line lies approximately 2 cm prox-
imal to the anal verge and is a crucial landmark in 
fi stula in ano because the anal glands empty into 
the crypts that lie proximal to the valves [ 13 ]. 

 Considering the above anatomic prerequisites, 
it is important to distinguish between the anatom-
ical anal canal, which extends from the perineal 
skin to the linea dentata, and the surgical anal 
canal, which extends from the perineal skin to the 
anorectal ring. 

 As reported in a recent consensus on perianal 
fi stulizing Crohn’s disease [ 14 ], several classifi -
cation and scoring systems have been developed 
in an attempt to quantify disease extent and 
 severity of pCD. In this consensus, the World 
Gastroenterology Organization, International 
Organization for Infl ammatory Bowel Diseases 
IOIBD, European Society of Coloproctology and 
Robarts Clinical Trials propose that a  distinction 
is made between a detailed anatomic description 

a

c d

b

  Fig. 13.1    Transsphincteric perianal fi stula. The fi rst MRI 
examination reveals a transsphincteric perianal fi stula at 9 
o’clock with abscess in right ischioanal space. T2-W 
images on paracoronal ( a ) and parasagittal ( b ) planes show 
deposition of fi stulous tract ( white arrows ). Hyperintense 

signal on T2-W images ( c ) corresponds to the local infl am-
matory activity of fi stula ( white arrow ), while on gadolin-
ium-enhanced T1-weighted images ( white arrow  in  c ), an 
increase in signal intensity of infl ammatory tissue can be 
seen because of increased tissue perfusion       
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of perianal fi stulas and the assessment of fi stula 
activity (scoring), a dynamic measure that is sen-
sitive to change under treatment. 

 Regarding the anatomic description, it is 
important to evaluate both the ends of any fi stula, 
the epithelialized surface of the anal canal, and 
the perianal skin. 

 The relationship of the cutaneous opening to 
the expected site of the enteric opening has been 
described by Goodsall [ 15 ]: usually, cutaneous 
openings anterior to the transverse anal line are 
associated with direct radial fi stulous tracks into 
the anal canal, while the posterior ones have 
tracks that enter the canal in the midline posteri-
orly. Exceptions are external openings more than 
3 cm from the anal verge. However, the cutane-
ous opening is evident to the surgeon and the role 
of the radiologist is not its demonstration. 

 In 1934, Milligan and Morgan [ 16 ] classifi ed 
anorectal fi stulas according to their relationship 
to the anorectal ring, formed by the puborectalis 
muscle, as follows:

•    Subcutaneous  
•   Low anal (below the dentate line)  
•   High anal (above the dentate line but below 

the anal ring)  

•   Anorectal below the levator ani muscle 
(ischiorectal or infralevator)  

•   Anorectal above the levator ani muscle (pelvi-
rectal or supralevator)  

•   Submucous (high intermuscular between the 
internal and external anal sphincters)    

 In 1976, Parks et al. proposed a more anatomi-
cally precise classifi cation system describing the 
course and relationship of perianal fi stulas to the 
sphincter mechanism with reference to the coro-
nal plane [ 6 ]; Parks identifi ed four main types of 
fi stulas (see Fig.  13.3 ) but numerous variations of 
each occur:

•      Intersphincteric  (most common; ~70 %): are 
confi ned to the intersphincteric space and 
internal sphincter. They result from perianal 
abscesses.  

•    Transsphincteric  (25 %): are the result of ischio-
rectal abscesses, with extension of the tract 
through the external sphincter; it crosses both 
internal and external sphincters.  

•    Suprasphincteric  (5 %): are the result of supra-
levator abscesses. They pass through the leva-
tor ani muscle, over the top of the puborectalis 
muscle, and into the intersphincteric space, 
without relationship with anal sphincter.  

•    Extrasphincteric  (1 %): bypass the anal canal 
and sphincter mechanism, passing through the 
ischiorectal fossa and levator ani muscle, and 
open high in the rectum (Fig.  13.4 ).

      An easier classifi cation used in clinical prac-
tice is the one proposed by the American 
Gastroenterological Association (AGA) [ 17 ]: it 
distinguishes between simple fi stulas, which are 
low, including superfi cial, intersphincteric, or intra-
sphincteric fi stulas below the dentate line, with a 
single external opening, and are characterized by 
the absence of perianal complications, and com-
plex fi stulas that are high, arriving above the den-
tate line, with many external openings, and may be 
associated with perianal abscesses, rectal stricture, 
proctitis, or connection with the bladder or vagina. 

 The MR imaging-based St. James’s University 
Hospital classifi cation is an easy-to-use classifi -
cation that uses axial anatomic landmarks, which 

  Fig.  13.2    Coronal section of the anal canal demonstrat-
ing the external and internal sphincters and the longitudi-
nal muscle bundles       
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are familiar to radiologists, and consists of fi ve 
grades and relates the Parks surgical classifi ca-
tion to anatomy seen at MR imaging in both axial 
and coronal planes:

•     Grade 1  – simple linear intersphincteric  
•    Grade 2  – intersphincteric with abscess or 

secondary track  
•    Grade 3  – transsphincteric  
•    Grade 4  – transsphincteric with abscess or 

secondary track within the ischiorectal fossa  
•    Grade 5  – supralevator and translevator 

extension    

 Considering the assessment of fi stula activity, 
it is recommended to consider both clinical 
and radiological features. The Perianal Disease 
Activity Index (PDAI) is based on the assessment 
of quality of life (pain/restriction of activities 
and restriction of sexual activities) and perianal 

a

c d

b

  Fig. 13.3    On ( a ,  b ) same exam of Fig.  13.1 ; on ( c ,  d ) follow-up after 3 months demonstrated reduction of the local 
infl ammatory activity of fi stula ( arrow ) as well as of the signal intensity of infl ammatory tissue       

  Fig. 13.4    Anatomic classifi cation of anal fi stulas accord-
ing to Parks classifi cation:  A  intersphincteric fi stula;  B  
transsphincteric fi stula;  C  suprasphincteric fi stula;  D  
extrasphincteric fi stula       
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 disease severity (fi stula discharge, type of peri-
anal disease, and degree of induration) [ 18 ,  19 ]. 

 Concerning the diagnosis of anal fi stulas in 
CD, physical examination remains the mainstay. 
The examiner should observe the entire perineum, 
looking for an external opening and eventual 
spontaneous discharge of pus or blood through it. 
Digital rectal examination may reveal a fi brous 
tract or cord beneath the skin. 

 Radiologic studies are not performed for rou-
tine evaluation since the anatomy of most anal 
fi stulas can be determined in the operating room, 
and, until very recently, surgeons have operated 
without preoperative imaging [ 20 ].  

13.2     Anal Endosonography 

 Anal endosonography (AES), with or without 
hydrogen peroxide, is safe, rapid, and well tol-
erated by patients [ 21 ], and its accuracy com-
pared to clinical assessment of fi stulas has been 
proved [ 22 ]. 

 AES uses high-frequency sound wave probes 
(with a frequency between 5–16 MHz) to pro-
duce detailed high spatial resolution images of 
the sphincter muscles and other structures of the 
pelvic fl oor [ 14 ]. At AES, although a breach in 
the subepithelial layer of the anal canal is occa-
sionally present, it is more common for the posi-
tion of the internal opening to be revealed as a 
hypoechoic focus in the intersphincteric space 
that abuts the internal sphincter, often with a 
small corresponding defect in the internal 
sphincter [ 13 ]. 

 Using a high-resolution 3D endoanal ultra-
sound, some perianal fi stulas in patients with CD, 
unlike conventional fi stula tracks, show a 
hypoechogenic fi stula tract surrounded by a well- 
defi ned hyperechogenic area with a thin 
hypoechogenic edge in patients with Crohn’s dis-
ease, and this has been called “Crohn’s ultra-
sound fi stula sign.” The histological explanation 
of this sign is unknown, but it might be due to a 
deep infl ammatory process associated with 
Crohn’s fi stula, with the hyperechoic component 

of the sign being a refl ection of infl ammatory 
debris [ 23 ]. 

 The accuracy of AES ranges between 86 and 
95 % for correct classifi cation of fi stulas and 
62–94 % for identifi cation of internal openings 
[ 14 ]. Moreover, the Crohn’s ultrasound fi stula sign 
can differentiate between Crohn’s related and cryp-
togenic fi stulae in ano with a positive and negative 
predictive value of 87 and 93 %, respectively [ 23 ]. 

 Even if sphincter mechanism and intersphinc-
teric plane are usually well visualized with endo-
sonography, some limits are inherent to this 
techniques as the diffi culty to assess the external 
sphincter in some individuals, the diffi culty in 
entering the probes in case of luminal stenosis, the 
inability in distinguishing infection from fi brosis, 
and failure to identify secondary  ramifi cations 
and more distant sepsis because of an insuffi cient 
depth penetration [ 20 ].  

13.3     Fistulography 

 Fistulography consists in the catheterization with 
a fi ne cannula of the external opening of the fi s-
tula and in the injection of a water-soluble con-
trast agent in order to establish the direction and 
openings of a fi stula. However, many limits per-
tain to this radiologic technique as the diffi culty 
or failure in the identifi cation of the primary track 
if it is plugged in with debris, the absence of visu-
alization of sphincter muscles, and of the levator 
plate [ 13 ].  

13.4     Computed Tomography 

 Computed tomography (CT), performed with 
rectally and intravenously administered contrast 
media, may depict fi stula in ano and initial reports 
were encouraging [ 24 ,  25 ]. 

 However, CT cannot be used for fi stula clas-
sifi cation since the attenuation values for the 
sphincters, levator ani, fi brotic fi stulous tracks, 
and active fi stulas are quite similar resulting in a 
diffi cult characterization of these structures on 
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CT, unless the track contains gas or leaked con-
trast material [ 13 ,  20 ]. 

 However, CT may be helpful in the setting of 
perirectal infl ammatory because it is better for 
delineating fl uid pockets that require drainage 
than for delineating small fi stulas. 

 Potentially, the disadvantages of CT might be 
overcome by using multidetector row CT fi stu-
lography, but the widespread of this technique is 
limited by radiation exposure and the ready avail-
ability of MR imaging, which is a radiation-free 
technique [ 13 ]. 

 However, in the acute setting, MR is not 
always immediately available; hence, it has 
been recently proposed to perform a CT scan 
after rectal administration of a contrast (gastro-
grafi n or barium) through a catheter in the anal 
canal and intravenous administration of an 
iodinated contrast [ 26 ,  27 ]. Using this tech-
nique, a fi stulous tract appears as a well-defi ned 
tubular, soft tissue, or fl uid-/air-fi lled structure 
that arises from the anal sphincter, while an 
infected fi stula will typically have a thick, 
enhancing wall along with surrounding infl am-
matory changes [ 26 ]. Furthermore, advances in 
CT hardware and software enable scans to be 
performed with a much lower radiation dose 
than conventional CT scans [ 27 ].  

13.5     Magnetic Resonance 

 Pelvic MRI has become the gold standard imag-
ing technique for perianal CD. Considering all 
imaging techniques available, magnetic reso-
nance (MR) proved to have a more important 
diagnostic role in patients with rectal/pelvic 
CD, showing a signifi cant superiority [ 28 ]; this 
is due to its multiplanarity, spatial and contrast 
resolution, which allows a satisfactory depic-
tion of fi stulas and other possible pathological 
fi ndings (abscesses) of infl ammatory bowel 
 disease [ 29 ]. 

 MR imaging examinations performed using a 
body coil do not require patient preparation and 
are well tolerated, while endoanal coils are 
poorly tolerated in symptomatic patients, and 

though providing an excellent anatomic detail of 
the anal sphincters, they fail to provide the over-
view required for surgical management and are 
susceptible to motion artifact [ 13 ,  30 ,  31 ]. 
Moreover, endoanal coils have not an adequate 
depth penetration; hence, it does not allow a 
good visualization of distant organs or infl am-
matory manifestation of perianal CD. 

 Spasmolytics administered intramuscularly 
may help to reduce motion-induced artifact. 
However, the choice of coil depends mainly on 
personal preference, availability, patient group 
studied, and the clinical question in each patient; 
when circumstances allow, an optimal examina-
tion will be achieved by using both external and 
endoluminal coils [ 13 ]. 

 MR imaging accurately visualizes the anal 
sphincter and the pelvic fl oor muscles, as well as 
the fi stula tracts and abscesses, with an accuracy 
ranging from 76 to 100 % [ 14 ]. 

 The combined analysis of axial, coronal, and 
sagittal images allows an accurate study of the 
fi stula tracks evaluating their course, extension, 
their relationships, and, in particular, the rela-
tions between fi stulae, the anal sphincter com-
plex, and the surrounding pelvic structures. 

 Axial and coronal MR images help in identi-
fying the relations of the fi stula with the sphinc-
teric apparatus, the levator ani, and the ischial 
rectal fossa; on the other hand, sagittal images 
are useful in the evaluation of rectovesical and 
rectovaginal fi stulae and of presacral disease. 

13.5.1     MR Sequences and Image 
Plans 

 Considering the MR sequences to image fi stula 
in ano, various investigators have adopted differ-
ent strategies [ 32 – 35 ]. Anatomic precision is 
needed to adequately assess the course of the fi s-
tula with respect to adjacent structures. 

 Most of the radiologists prefer use of the 
rapid and convenient fast spin-echo T2-weighted 
sequence, due to its good contrast between 
hyperintense fl uid in the tract and the hypoin-
tense fi brous wall of the fi stula and the good 
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 discrimination between the several layers of the 
anal sphincter [ 32 ,  34 ]. 

 Others use T1-weighted sequences, before and 
after intravenous contrast material injection [ 33 ]. 
Fat suppression is applied to both T2-weighted 
and T1-weighted, before and after gadolinium-
enhanced sequences. 

 Unenhanced T1-weighted (T1W) images pro-
vide an excellent anatomic overview of the sphinc-
ter complex, levator plate, and the ischiorectal 
fossae, while on T2-weighted (T2W) and STIR 
images; pathologic processes including fi stulas, 
secondary fi stulous tracks, and fl uid collections are 
clearly depicted as areas of high signal intensity in 
contrast with the lower signal intensity of the 
sphincters, muscles, and fat [ 20 ]. 

 Recently, Horsthuis et al. [ 36 ] investigated the 
role of dynamic contrast-enhanced MR imaging 
in the diagnosis of disease activity in perianal CD 
and concluded that rapid enhancement and maxi-
mum enhancement during dynamic series corre-
late to disease activity. 

 Furthermore, gradient-echo T1-weighted 
dynamic intravenous contrast material-enhanced 
MR imaging combined with T2-weighted imag-
ing proved to be useful to assess perianal fi stulas 
and their complications, clearly demonstrating 
active fi stulous tracks, secondary ramifi cations, 
and abscesses [ 20 ,  33 ]. 

 STIR images can also be used in replacement 
of T1W images after contrast medium due to 
their high capacity of detecting the walls of the 
fi stulae and their degree of infl ammation. 

 Diffusion-weighted images display informa-
tion based on diffusion of water molecules. As 
infl ammatory tissues have a high signal intensity 
on diffusion-weighted images, DWI may be of 
value for evaluating perianal fi stula activity [ 37 ]. 

 With regard to imaging planes, a localizer in 
three directions is needed in order to align the 
T2W sequences axial and coronal to the anal 
canal. It is central to success that imaging planes 
are correctly aligned with respect to the anal canal; 
hence, oblique transverse and coronal planes ori-
ented orthogonal and parallel, respectively, to the 
anal sphincter, are needed and they are most easily 
planned by using a midline sagittal image [ 13 ].  

13.5.2     MR Interpretation 

 The visualization of the fi stulae is related to the 
degree of infl ammation and consequently to their 
content and to the sequences used in the study. In 
the active phases of the disease, the fi stula shows 
both walls containing granulation tissue and fl uid 
or mucin in its lumen; furthermore, it presents 
itself as a stria or as a band of tissue with high 
signal intensity, well contrasted compared to the 
muscles and to the surrounding fat. On T1W 
images, acquired with fat suppression and after the 
use of paramagnetic contrast agents (gadolinium 
and its chelates), the walls of fi stulae – containing 
granulation tissue – as well as the areas of active 
infl ammation, exhibit intense postcontrasto-
graphic enhancement. 

 Active fi stulas are fi lled with pus and granula-
tion tissue, thus appearing as longitudinal struc-
tures hyperintense on T2W images and on STIR 
sequences. In the STIR images, the signal sup-
pression of adipose tissue provides a good con-
trast between fi stula and adjacent tissues and 
makes easier its identifi cation. 

 On T1W FSE sequences, active granulation 
tissue is hyperintense after contrast medium 
injection, while the fl uid in the lumen remains 
hypointense. 

 At axial DWI, fi stula exhibits spotty slightly 
high signal intensity [ 37 ]. 

 The fi stulae in the active phase are often sur-
rounded by hypointense fi brous walls, which can 
be relatively thin, particularly in patients with 
recurrent disease, or with a recent surgical opera-
tion; however, in case of edema, the walls may 
appear hyperintense, and this hyperintensity can 
spread into the surrounding parenchyma. 

 The external anal sphincter is moderately 
hypointense and its wall contrasts with the fat of 
the ischioanal fossa, both in STIR and FAT-SAT 
sequences. It is therefore relatively easy to distin-
guish the presence of a fi stula in the ischioanal 
fossa. 

 The main advantage of the MR is its ability in 
recognizing the extension associated to the pri-
mary fi stulous tract, which is hyperintense both 
on T2W and STIR sequences, and shows contrast 
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enhancement. It is also important to recognize 
the relationships with the elevator ani muscle and 
the extensions above it. 

13.5.3      MR Report 

 When reporting an anal canal fi stula in MR 
reports, it is important to assess:

•    Internal opening: this is the starting point of 
the fi stula from the anal canal. Most of anal 
fi stulas open into the anal canal at the level of 
the dentate line, but unfortunately, the dentate 
line cannot be identifi ed as a discrete anatomic 
entity on MR, even when endoanal receiver 
coils are used. However, the general position 
of the dentate line can be estimated with suf-
fi cient precision for the imaging assessment: it 
is probably best appreciated on coronal views 
at approximately the mid-anal canal level, 
between the superior border of the puborecta-
lis muscle and the most caudal extent of the 
subcutaneous external sphincter [ 13 ].  

•   External opening and track of the fi stula: this 
corresponds to the position of the mucosal 
opening on axial images (using the anal 
clock). Surgeons describe the site and direc-
tion of fi stulous tracks by referring to the “anal 
clock,” which is, the view of the anal region 
with the patient in the lithotomy position. At 
12 o’clock is the anterior perineum and at 
6 o’clock, the natal cleft; 3 o’clock refers to 
the left lateral aspect, and 9 o’clock, to the 
right of the anal canal [ 20 ]. These descriptions 
correspond exactly with the view of the anal 
canal on axial MR images.    

 Moreover, thanks to MR imaging, it is possi-
ble to demonstrate extensions associated with a 
primary tract, as secondary fi stulas and abscesses. 

 In particular, it is useful to delineate the course 
of the fi stula tracks with respect to the ischiorec-
tal fossa and to assess any confl uence of different 
fi stulas and/or of fi stulae and abscesses and/or of 
fi stulae and nearby organs.  

13.5.4     Pitfalls 

 Few concepts should be kept in mind to avoid pit-
falls: veins can be mistaken for fi stulas, but veins 
usually are thin-walled, tortuous, symmetric 
structures; a pilonidal sinus may resemble a fi s-
tula, but several fi ndings, as extension to the 
intersphincteric space in fi stulas, help one to dis-
criminate between the two [ 38 ].   

13.6     Follow-Up of Perianal 
Fistulas in Crohn’s Disease 

 Approximately one-third of the patients who have 
Crohn’s disease have perianal involvement [ 39 ]. 

 Perianal involvement is seen in a signifi cant 
proportion of children with Crohn’s disease [ 17 , 
 40 ] and is a signifi cant source of symptoms and 
extraluminal disease complications. A  number of 
medical and surgical treatment strategies have 
been developed to treat Crohn’s perianal disease, 
but a unique challenge in perianal fi stulizing 
Crohn’s disease is to monitor the response to the 
treatment. The most common clinical parameter 
used is cessation of drainage of the fi stulas [ 41 ]. 
The healing of fi stulas occurs from the skin (exter-
nal orifi ce) to inside (internal orifi ce); therefore, 
cessation of drainage from the external orifi ce may 
not be the best indicator of complete healing of the 
fi stula. 

 3D endoanal ultrasound (3D-EAUS) and pel-
vic magnetic resonance imaging (MRI) are the 
imaging modalities commonly used in adults to 
evaluate this disease [ 20 ,  42 ,  43 ]. 

 3D-EAUS is a valuable tool to represent the 
normal anatomy of the anal canal resulting in 
simple, cheap, readily available, and less demand-
ing for the patient and reaching high diagnostic 
accuracy. It allows rapid evaluation for special-
ized equipment, is easy to perform and easily 
reproducible, is painless, and does not require 
patient preparation. 

 This method can be very useful also in the 
follow-up of anal diseases, both to study surgical 
drainages and in the postoperative study of anal 
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fi stulae, providing excellent imaging of the rectal 
wall, of the internal and external sphincters, and 
of the intersphincteric plane, and of the position 
of the internal opening and of fi stulous tract. 

 3D-EAUS is more accurate in comparison to 
MRI in the individuation of intersphincteric/sub-
mucosal fi stulas, better depicting the intersphinc-
teric plane and both the internal and external 
sphincters. In fact, the introduction of 3D tech-
nique has optimized US evaluation. 

 However, above all in patients with Crohn’s 
disease, where in most cases perianal involve-
ment results complicated, 3D technique has lim-
ited ability to resolve ischioanal and supralevator 
infections and it does not allow a reliable distinc-
tion between infection and fi brosis [ 13 ,  44 – 48 ]. 

 MRI is more accurate in comparison to 
3D-EUAS in the individuation of suprasphinc-
teric and extrasphincteric fi stulas and has the 
advantage of an excellent intrinsic soft tissue 
resolution, thus showing the fi stula tract in the 
context of the surrounding structures. It has a 
wider FOV than 3D-EAUS and results more 
suited for the assessment of complex branching 
tracts, the lateral extension into the perianal 
spaces, and the cranial extension above the leva-
tor ani [ 49 ]. 

 It is useful for successful treatment by correct 
assessment of the extent of disease, in the treat-
ment response monitoring of perianal fi stulas, 
especially in Crohn’s disease, in the differential 
diagnosis between infection from fi brosis, ischio-
anal from supralevator infections, and, in coronal 
plane, between supra- and infralevator extension. 
It could be a valid second-level examination, 
especially in the case of abscesses or when com-
plex tracts where internal opening cannot be con-
fi dently shown and tracts seen going up across 
the pelvic diaphragm [ 28 ,  31 ,  49 – 52 ]. 

 MRI of the pelvis has been shown to be useful, 
not only in defi ning the anatomy of the pelvic 
region in perianal fi stula but also in measuring 
infl ammatory activity of the fi stula [ 53 ,  54 ]. 

 The follow-up MRI is generally obtained from 
3 months to up to 2 years after the baseline MR 
examination (Fig.  13.3 ).  

 Despite various studies have been conducted, 
the precise role of pelvic MRI in monitoring ther-
apy is still being investigated [ 53 ,  55 ]. 

 Various parameters such as number of fi stulas, 
complexity of fi stulas, presence of abscesses, 
rectal wall involvement, and T2 hyperintensity 
have been used to monitor disease activity [ 56 ]. 

 The most common MRI-based score used in 
literature is the Van Assche which gives a partic-
ular score to each anatomical and infl ammatory 
parameter. 

 The anatomical parameters include the num-
ber of fi stulas, the extension of fi stulas, and the 
location of fi stulas, whereas the infl ammatory 
parameters include hyperintensity on T2 images, 
presence of collections, and rectal wall involve-
ment. The most important parameter of local 
infl ammatory activity is T2 hyperintensity. 

 Few prior studies in adults have shown a sig-
nifi cant decrease in Van Assche score with treat-
ment [ 54 ,  57 ], whereas there are other studies 
that did not show a decrease in Van Assche score 
with treatment [ 55 ,  56 ]. In the study of Kulkarni 
et al., the only infl ammatory parameter that 
decreased with decreasing severity of disease 
was the presence of collections. 

 According to Shenoy-Bhangle et al. [ 58 ], the 
length of a perianal fi stula on the fi rst MR study 
is a signifi cant predictor of treatment response on 
the follow-up MR study. 

 Maximum single fi stula length of <2.5 cm 
predicts treatment response, while aggregate 
length ≥2.5 cm predicts disease progression. 
Small abscesses (<1 cm 3 ) respond to medical 
therapy at a rate comparable to surgical treatment 
of larger abscesses and often do not require surgi-
cal intervention. 

 Villa et al. [69] were the fi rst to adopt the 
gadolinium- enhanced T1W images as indicators 
of fi stula activity. On gadolinium- enhanced T1W 
images, a marked increase in signal intensity of 
infl ammatory tissue can be seen because of 
increased tissue perfusion [ 60 ]. Villa et al. used 
percentage increase of fi stula activity after con-
trast administration [P.I.], which is the signal 
intensity of the fi stula compared with the signal 
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intensity of adjacent healthy fat, to determine the 
disease activity of the fi stula. 

 The measurement of PI is not time consuming 
and could be done in every MRI station. PI = ([sig-
nal intensity of fi stula – signal intensity of healthy 
fat] × 100/signal intensity of healthy fat). 

 Although the PI did not decrease signifi cantly 
with treatment, further prospective studies may be 
required to study the role of this parameter in follow-
up during treatment of perianal Crohn’s disease.     
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      Extraintestinal Findings in Crohn’s 
Disease Patients                     

     Gian     Andrea     Rollandi     ,     Riccardo     Piccazzo    , 
and     Francesco     Paparo   

       Crohn’s disease is a chronic infl ammatory bowel 
disease with a relapsing and remitting course that 
may affect any part of the gastrointestinal tract, 
often with multiple discontinuous involvements 
[ 1 – 3 ]. 

 This pathology involves all the layers of the 
bowel, with the fi rst localization in the submuco-
sal layer, which becomes fi lled of hyperplastic 
lymphoid tissue and, being associate with lym-
phatic stasis, develop with dystrophy and fi ssura-
tion of the superior mucosal layer [ 4 ,  5 ]. These 
alterations lead to the development of aphtoid 
ulcers, alternated with normal mucosal tracts, in 
a pattern described as “cobblestone.” 

 The infl ammatory process can extend also 
toward the muscular layer, reaching the serosal 
surface, stimulates fi brin production, causing 
adhesions between adjacent bowel loops, and to 
parietal and visceral peritoneum. Disease pro-
gression into the mesentery produces typical 
alteration such as fi bro-fatty proliferation, 
extraenteric fi stulae, and abscesses. 

 Over intestinal alterations, Crohn’s disease 
can be associated with pathological processes 
affecting organs and systems outside the gastro-
intestinal tract, generally known as extraintesti-
nal manifestations (Table  14.1 ).

   Starting from the pathogenetic mechanism 
and the relationship with the underlying disease, 
these alterations can be classifi ed in four catego-
ries [ 6 – 8 ] (Table  14.1 ). 

 Extraintestinal manifestations are often the 
onset symptomatology, producing greater mor-
bidity than the intestinal disease. The presence of 
extraintestinal manifestations leads to a higher 
risk to develop other complications [ 9 ]. 
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    Table 14.1    Extraintestinal manifestation related to 
Crohn’s disease, classifi ed on the basis of the pathoge-
netic mechanism and the relationship with the underlying 
disease   

 Related to active infl ammation, with a self-immune- 
like pathogenetic mechanism 

   Arthropathies 

   Skin pathologies 

   Ocular and oral alterations 

   Primary sclerosing cholangitis 

 Related to small bowel alterations, based on metabolic 
dysfunction 

   Cholelithiasis 

   Nephrolithiasis and obstructive uropathy 

 Related to therapeutic drugs 

   Osteopenia 

   Osteoporosis 

 Nonspecifi c manifestations 

   Amyloidosis 

   Pulmonary alterations 

   Risk of neoplastic degeneration (adenocarcinoma, 
lymphoma) 
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 Many extraintestinal manifestations of 
Crohn’s disease have a symptomatic behavior 
synchronous with intestinal pathology, sensibil-
ity to therapy included. Some others, such as pri-
mary sclerosing cholangitis and ankylosing 
spondylitis, have a course independent from the 
bowel disease activity [ 10 ]. 

 While the correlation of the different extraint-
estinal manifestations with infl ammatory bowel 
diseases (IBD) is known, the specifi c pathogenic 
mechanisms are not clear. Some systemic disor-
ders may be based on immunologic processes, 
being likely related to the pathophysiology of the 
underlying intestinal disease. Others seem to be 
caused by intestinal bacterial overgrowth, or 
being direct iatrogenic complications of the ther-
apy [ 9 ,  11 ,  12 ]. 

 In this context, it is useful to maintain a focus 
on extraintestinal manifestations, which are an 
important source of decreased quality of life for 
affected patients. Imaging plays an important 
role in early recognition of extraintestinal mani-
festations, guiding therapy and reducing overall 
morbidity. Therefore, the ideal technique should 
provide not only information about gastrointesti-
nal tract but also about the other organs at the 
same time. 

 Bowel  ultrasonography  is often used for an 
initial screening in cases of suspected Crohn’s 
disease [ 13 ], but it lacks panoramic view of the 
whole abdominal cavity, resulting in a diffi cult 
detection of extraintestinal manifestations [ 14 , 
 15 ]. So it could be a valid option only in the fol-
low- up of specifi c pathological bowel loops, but 
not for general restaging. 

 Conversely, cross-sectional imaging tech-
niques optimized for small bowel evaluation 
( computed tomography (CT)  and  magnetic reso-
nance imaging (MRI) ) should allow a combined 
and simultaneous demonstration of both intestinal 
lesions and extramural complications [ 16 ,  17 ]. 

 Currently, the advantages of CT over MR 
imaging include higher spatial resolution, greater 
availability, and, in particular, the possibility 
depict together bowel wall infl ammation and 
extraenteric complications in shorter examina-
tion times. The most important limiting factor 
of this technique is the x-rays exposition, but 

the new technologies of dose reduction are 
 signifi cantly reducing its importance in the 
 risk-benefi ts assessment. 

 MRI provides important information such as 
quantitative contrast-enhancement parameters 
and time–signal intensity curves, derived from 
dynamic MRI, enabling to differentiate between 
active and inactive disease [ 18 ]. MRI is more 
expensive, time consuming, and less available 
than CT, but it should be considered the imaging 
method of choice in young patients. 

  CT enterography  technique (CTe) used in 
association with  colon water enema  (CTe-WE) 
results in excellent luminal distension of both 
sides of the ileocecal area, allowing a simultane-
ous and constant distension of both small and 
large bowel. Moreover, it is possible to study 
adjacent organs and their enhancement, ensuring 
a complete evaluation of the abdomen, that could 
be extended to the rest of the body, if any doubts 
arise during the examination [ 17 ,  19 – 22 ]. 

14.1     Arthropathies 

 IBD-related arthropathies are classifi ed as non- 
spinal (or peripheral) and spinal. 

 Non-spinal arthropathies are differentiated 
according to the pattern of articular involvement 
[ 9 ]:

•    Type I: large joint pauciarticular arthropathy, 
occurring during phases of IBD activity  

•   Type II: small joint polyarticular arthropathy, 
independent from IBD activity    

 Type I arthropathy is defi ned pauciarticular 
because it affects fewer than fi ve joints. It involves 
weight-bearing joints such as ankles, knees, and 
hips. Symptoms are usually acute, self-limiting, 
and linked with disease activity. It decreases in 
few weeks, leaving no permanent joint damage. 
Clinical examination reveals painful, tender, 
swollen joints. The differential diagnosis includes 
rheumatoid arthritis, osteoarthritis, gout, septic 
arthritis, and pyrophosphate arthropathy. 

 Type II arthritis is defi ned polyarticular 
because more than fi ve joints are affected. It 
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involves the small joints of both hands as a 
 symmetrical arthropathy. Pain is usually not pro-
portionate to the signs of arthritis. It is not related 
to IBD activity, persisting for months or years, 
even after colectomy. To perform a correct dif-
ferential diagnosis some different conditions 
must be considered, such as osteoarthritis, 
mesalazine- or azathioprine-induced arthropathy, 
and even side effects of treatment such as steroid-
induced pseudorheumatism [ 23 ]. 

 Spinal arthritis is represented by sacroiliitis 
and ankylosing spondylitis, which diagnosis is 
based on clinical setting and supported by char-
acteristic radiological fi ndings. HLA B-27 is not 
considered of diagnostic value even if it is over-
represented in IBD-related spinal arthritis. Its 
association is found in a majority of patients, but 
is less common than in patients with ankylosing 
spondylitis not associated with IBD [ 24 – 26 ]. 

 Sacroiliitis is one of the most frequent Crohn’s 
disease extraintestinal complications [ 3 ]. 
Symptomatic sacroiliitis is characterized by pel-
vic pain, which improves with movement. This 
condition must be suspected if the patient refers 
discomfort in the sacroiliac joints during pressure 
on the pelvic brim. 

 However, symptomatic sacroiliitis is com-
mon, and up to 50 % of Crohn’s patients have 
abnormal radiography (Fig.  14.1 ) [ 27 ,  28 ].

   The principal symptom of ankylosing spon-
dylitis is persistent low back pain, affecting peo-
ple before the age of 30. At the clinical 
examination, it is possible to observe limited spi-
nal fl exion and loss of the lumbar lordosis. In the 
early stages, conventional radiographs are usu-
ally normal, while CT scans and radionuclide 
bone scans are more sensitive [ 29 ,  30 ]. In 
advanced cases, the classical condition of 

a

b

c

  Fig. 14.1    Bilateral sacroiliitis in a patient affected by 
Crohn’s disease. CT oblique reconstruction ( a ) and 
oblique coronal reconstruction oriented parallel to the 
sacral promontory ( b ). Specifi c fi ndings of sacroiliitis are 
visible in CT scans using bone window: spongiosclerosis, 
which is more evident along the iliac side of sacroiliac 

joints ( arrows ); erosions ( small arrows ); irregular bony 
bridges crossing the joint space ( arrowhead ). 
Anteroposterior radiograph ( c ) shows diffuse subchondral 
sclerosis involving the iliac portion (anteroinferior) of 
both sacroiliac joints ( arrows )       
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 “bamboo spine” may be observed, characterized 
by vertebral bodies squaring, marginal syndes-
mophytes, and bony proliferation with ankylosis 
(Fig.  14.2 ) [ 24 – 26 ,  31 ].

   Even if MRI is considered as the gold stan-
dard, CT is an appropriate diagnostic tool for the 
evaluation of structural changes of the sacroiliac 
joints in seronegative spondyloarthropathies. The 
spinal involvement in Crohn’s disease is not eas-
ily differentiable from that of ankylosing spondy-
litis, and it is not correlated with the activity of 
intestinal infl ammation [ 3 ]. 

 Treatment is based almost entirely on extrapo-
lation from other forms of arthritis, including the 
use of different classes of drugs: analgesics, non-
steroidal anti-infl ammatory agents, sulfasalazine, 
local steroid injections, and even infl iximab in 
ankylosing spondylitis. Physiotherapy is an 
important element common to these treatments.  

14.2     Cutaneous Manifestations 

 The diagnosis of IBD-related cutaneous 
 manifestations is based on clinical signs and 
their characteristic features, once excluded the 
presence of specifi c skin disorders. The fre-
quency of these pathologies in patients affected 
by Crohn’s disease is greater than in the normal 
population. 

14.2.1     Pyoderma Gangrenosum 

 Pyoderma gangrenosum is a pathological condi-
tion characterized by cutaneous lesions often 
 preceded by trauma, which may occurred several 
years before. The lesions are localized in the 
same position of the trauma, due to the pathoge-
netic phenomenon known as pathergy. 

a b c

  Fig. 14.2    Crohn’s disease related to ankylosing spondy-
litis. Sagittal multiplanar reformation ( a ) and correspond-
ing surface-rendered ( b ) CT scan, and T1-weighted 
sagittal MRI image ( c ) of the dorsal spine, clearly defi ne 
some specifi c fi ndings: the ossifi cation of the supraspi-
nous ligaments ( arrows  in  a ,  b ); syndesmophytes ( thin 
arrows  in  a – c ); ossifi cation of the anterior longitudinal 
ligament ( white arrowheads  in  a – c ); “squaring” of the 
vertebral body endplates, with loss of the normal concav-

ity ( black arrowheads  in  a ,  c ). These alterations are 
observable in all fi gures, and in  b  it is possible to see how 
the chronic infl ammation of the discovertebral junction 
leads to the onset of an osteoproliferative process, con-
necting together the anterior portion of vertebral bodies. 
In advanced stages, the ossifi cation of vertebral (longitu-
dinal, supraspinous, and interspinous) ligaments may 
occur, leading to ankylosis       
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 Lesions appear more frequently in the shins, 
but they can affect the whole body. Starting from 
single or multiple erythematous papules, these 
lesions develop with necrosis of the dermis, lead-
ing to ulcerations that contain purulent material 
(sterile on culture) with the possibility of subse-
quent secondary infection. 

 Steroids, with topical and systemic adminis-
tration, were considered the best treatment for 
pyoderma gangrenosum, with cyclosporin or 
tacrolimus reserved for selected cases [ 32 ]. The 
biologic drug infl iximab has changed the man-
agement of this pathology, starting to be used 
only in specifi c cases and becoming, nowadays, a 
fi rst-line treatment [ 33 ].  

14.2.2     Erythema Nodosum 

 Erythema nodosum is characterized by raised, 
tender, red, or violet subcutaneous nodules up to 
5 cm in diameter. It usually affects the extensor 
surfaces of the extremities, particularly the ante-
rior tibial aspect, being related to the intestinal 
disease activity. Due to these specifi c characteris-
tics, the diagnosis is normally done by the clini-
cal presentation. 

 Because of its relationship to disease activity, 
treatment is based on that of the underlying coli-
tis, requiring systemic steroid administration. 
Even in these cases, infl iximab is showing prom-
ising results [ 34 ].  

14.2.3     Sweet’s Syndrome 

 Sweet’s syndrome is a neutrophilic dermatosis, 
like pyoderma gangrenosum, that has been rec-
ognized as an extraintestinal manifestation of 
IBD only recently. 

 It is characterized by tender, red nodules or 
papules, commonly affecting the upper limbs, 
neck, or face. 

 The rash is usually associated with active dis-
ease, but may precede the onset of intestinal 
symptoms, or it could appear several months 
after proctocolectomy for ulcerative colitis [ 35 ].   

14.3     Ocular Manifestations 

 Different ocular complications have been 
reported in patients with IBD, and they are com-
monly associated with articular symptoms. 
Uveitis and iritis are more common in ulcerative 
colitis (UC), while episcleritis affects more fre-
quently patients with Crohn’s disease [ 36 ]. 

 Uveitis and episcleritis are probably the most 
common extraintestinal manifestations of IBD 
[ 37 ,  38 ]. 

14.3.1     Episcleritis 

 Episcleritis has a wide range of clinical presenta-
tion. In fact, it may be painless, showing only 
hyperemic sclera and conjunctiva, or it could 
present with acute burning sensations. The dif-
ferential diagnosis must be made with different 
features of uveitis and usually does not require 
specifi c treatment other than for underlying 
 disease activity, providing the use of topical ste-
roids in most painful cases [ 39 ].  

14.3.2     Uveitis 

 Uveitis is less common than episcleritis, but has 
potentially more severe consequences, with the 
possibility of vision loss. 

 Most frequent symptoms are blurred vision, 
pain, photophobia, and headaches, and, after 
clinical examination, slit lamp will confi rm the 
diagnosis. 

 The normal treatment is based on steroid 
administration, sometimes with both topical 
and systemic routes. Even in these cases, inf-
liximab has showed to be rapidly effective 
[ 39 ,  40 ].   

14.4     Hepatobiliary Disease 

 Hepatobiliary diseases are relatively common in 
patients affected by IBD, including a wide 
 spectrum of different pathological conditions. 

14 Extraintestinal Findings in Crohn’s Disease Patients

gianfranco.cocorullo@unipa.it



132

 The most common presentation is the fi nding 
of abnormal liver function tests. So diagnostic 
fl owchart usually proceeds with ultrasound (US) 
examination and serology tests to exclude infec-
tive or autoimmune causes, up to liver biopsy. 

 In a clinical setting of biliary-type pain, US 
could show the presence of gallstones, steatosis, 
cholangitis, cirrhosis, chronic hepatitis, or abnor-
mal anatomy of biliary ducts suggestive of pri-
mary sclerosing cholangitis (PSC). This last 
pathological condition is the most important and 
relatively specifi c manifestation to the underly-
ing IBD. 

 However, clinicians should always consider 
the possibility of hepatotoxicity due to drugs 
used for colitis, although it usually presents 
within 3 weeks from starting therapy [ 41 ]. 

14.4.1     Primary Sclerosing 
Cholangitis 

 Primary sclerosing cholangitis is a chronic chole-
static liver disease characterized by fi brosis and 
infl ammation of the bile ducts, resulting in cir-
rhosis and causing a reduced life expectancy. 
Moreover, it is associated with an increased risk 
of both cholangio- and colorectal carcinoma. 

 PSC is the most specifi c hepatobiliary compli-
cation of IBD with a reported frequency up to 

10 %, affecting primarily young and middle-aged 
men, and a wider number of cases described in 
patients affected by UC [ 9 ,  42 ]. 

 This pathological condition has not a correla-
tion with the activity of colitis, and it could pre-
cede the clinical manifestation of the underlying 
IBD. Moreover, liver alterations may appear even 
several years after therapeutic procedure such as 
colectomy [ 36 ]. The etiology of primary scleros-
ing cholangitis includes self-immune mecha-
nisms and elements of undefi ned nature [ 43 ]. 

 Often it is possible to reach only an exclusion 
diagnosis, thinking to PSC in all that cases of 
patients affected by IBD, with specifi c symp-
toms, but without diagnostic or serological alter-
ations for primary liver diseases. 

 Magnetic resonance cholangiography (MRC) 
is now considered as the fi rst-line imaging modal-
ity in cases of suspected PSC, avoiding potential 
adverse effects of radiation exposure and contrast 
media reactions associated with examination like 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP) [ 42 ]. MRC examination demon-
strates typical features of markedly distorted 
biliary tract, characterized by multiple segmental 
strictures alternating with dilation or diverticula 
(Fig.  14.3 ). In advanced stages, it is possible to 
observe atrophy of the entire liver with the excep-
tion of the caudate lobe that results hypertrophied 
in almost all cases (68–98 %) [ 44 ].

a b

  Fig. 14.3    Crohn’s disease related to primary sclerosing 
cholangitis. 3D MIP reconstruction of magnetic reso-
nance cholangiography, anterior ( a ) and lateral view ( b ). 
In these fi gures, it is possible to observe typical alteration 

of the biliary tree, represented by multiple and diffuse seg-
mental strictures alternate with biliary dilatations and 
diverticula       
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   If PSC is still suspected, after instrumental 
and laboratory negative examinations, the last 
diagnostic step to reach a defi nitive diagnosis is 
represented by liver biopsy. 

 Several drugs have been evaluated in the treat-
ment of PSC, but none of them has convincing 
benefi ts, and some are associated with signifi cant 
side effects. 

 So several combination therapies, such as 
ursodeoxycholic acid and methotrexate, have 
been studied to normalize liver biochemistries of 
these patients, showing promising results. 
However, nowadays, there are no effective medi-
cal therapies to halt the progression of disease. 
The only defi nitive therapy for PSC is liver trans-
plantation [ 45 ].  

14.4.2     Cholelithiasis 

 Cholesterol-based gallbladder cholelithiasis is 
more common in individuals with Crohn’s dis-
ease than in the general population, and it is 
thought to be related to a decreased reabsorption 
of bile salts due to terminal ileitis [ 3 ]. 

 Starting from this physiopathological back-
ground, it has been shown that intestinal resections 
are signifi cantly associated with cholelithiasis. In 
fact, patients undergoing ileal resection run a 
higher risk to develop gallstones in comparison 
with those not receiving ileal resection [ 46 ]. 

 Ultrasonography is the fi rst-line imaging 
modality for the evaluation of cholelithiasis, and 
gallstones appear as echoic fi ndings with poste-
rior acoustic shadowing, mobile when patient 
changes decubitus. 

 In CT examination, gallstones are either 
hypoattenuating or hyperattenuating fi lling 
defects within the gallbladder lumen, depending 
on composition.   

14.5     Metabolic Bone Disease 

 The relationship between bone loss and IBD is 
well known and studied from several years. 

 Osteopenia and osteoporosis are common in 
these patients (20–50 %), with a similar preva-

lence in ulcerative colitis and Crohn’s disease, in 
men and women. 

 These pathological alterations lead to an 
increased risk of bone fracture, but the risk is 
only moderately above normal population [ 47 ]. 

 Pathogenetic mechanism of bone loss in 
patients affected by IBD seems to develop on two 
different levels:

•    Intestinal: were infl ammation mediators pro-
duced during disease activity alter osteoblast 
function and bone formation.  

•   Therapeutic: caused by corticosteroids, drugs 
with multiple adverse effects on bone metabo-
lism. In fact, they impair osteoblast function, 
reducing intestinal calcium absorption, while 
increasing renal calcium excretion, inducing 
secondary hyperparathyroidism.    

 The fi nal effect of these two mechanisms is a 
pattern of low turnover, with reduced bone for-
mation. These alterations correlate with current 
corticosteroid dose and duration of the therapy 
[ 48 ]. 

 Dual-energy x-ray absorptiometry (DEXA) 
scanning must be performed in selected IBD 
patients to evaluate their bone mineral density 
(BMD), in addition to measurement of albumin 
and calcium levels at diagnosis. 

 The diagnosis of osteoporosis is an indication 
for therapy. However, the correct therapeutic 
approach in these cases remains unclear, but the 
early use of vitamin D and calcium supplementa-
tion is widely recommended [ 21 ,  43 ].  

14.6     Other Extraintestinal 
Manifestations 

 Other pathological conditions associated with 
IBD can be observed: nephrolithiasis, obstructive 
uropathy, pulmonary manifestations, avascular 
necrosis (AVN), deep vein thrombosis, and 
amyloidosis. 

 All these conditions can reduce patients’ quality 
of life, infl uencing their care and therapy [ 3 ,  17 ]. 

 The prevalence of nephrolithiasis in patients 
affected by Crohn’s disease compared to the 
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 general population is increased and is estimated 
to be more prevalent than in patients affected by 
ulcerative colitis (Fig.  14.4 ) [ 3 ,  10 ]. Dehydration 
associated with chronic diarrhea, decreased urine 
volume, aciduria, bowel resection, and abnormal 
metabolism of oxalic acid is pathological condi-
tion typical of IBD and can lead to the develop-
ment of kidney stones. Calcium oxalate renal 
calculi commonly arise in the setting of terminal 
ileitis because of a relative increase in oxalate to 
calcium absorption from the GI tract [ 3 ].

   To prevent this complication, patients 
undergo regular urological examination and 
ultrasonography. 

 Excepting drug-related disease, pulmonary 
manifestations of IBD remain nonspecifi c. In 
fact, tuberculosis reactivation due to infl iximab 
and eosinophilic pneumonia, induced by mesala-
mine and sulfasalazine, is important complica-
tion observable in these patients. Other conditions 
such as sarcoidosis, bronchiolitis obliterans, and 
bronchiectasis have been reported in association 
with IBD, but there are no evidences for a defi ni-
tive association. 

 Colobronchial and esophagobronchial fi stulae 
may occur rarely in Crohn’s disease [ 8 ]. 

 Moreover, patients with infl ammatory bowel 
disease have an increased risk to develop colorec-
tal cancer. Although colorectal cancer complicat-
ing IBD represents only 1–2 % of all cases in the 
general population, it is a serious complication 
and accounts for approximately 15 % of all 
deaths in infl ammatory bowel disease patients. 

 The risk of colon cancer increases by 0.5–
1.0 % yearly and 8–10 years after diagnosis. The 
magnitude of the risk increases with early age of 
the infl ammatory bowel disease diagnosis, extent 
of the pathological alterations, and longer dura-
tion of symptoms [ 49 ]. Foci of high-grade epithe-
lial dysplasia, adjacent to adenocarcinoma, 
suggest a dysplasia–carcinoma sequence 
 promoted by chronic mural infl ammation, while 
sporadic small bowel adenocarcinoma is thought 
to develop following the adenoma–carcinoma 
sequence [ 50 ,  51 ]. 

 Ulcerative colitis and Crohn’s disease can 
degenerate mainly in two different kinds of neo-
plasms: adenocarcinoma and lymphoma. Starting 
directly from the mucosal layer, ulcerative colitis 
involves principally the adenomatous structures 
subjected to neoplastic degeneration. Differently, 
Crohn’s disease has its development in the sub-
mucosal layer, involving lymphatic structure. So 
the frequency and the kind of neoplastic degen-
eration refl ect the underlying pathological pro-
cess of the intestinal disease. Patients with 
long-standing ulcerative colitis have an increased 
risk of developing colorectal adenocarcinoma, 
while in Crohn’s disease, there is an increased 
risk of developing lymphoma and a rare share of 
adenocarcinoma [ 52 ].  

a

b

  Fig. 14.4    Nephrolithiasis in a patient affected by Crohn’s 
disease. Axial CT scan with abdominal window ( a ,  b ) two 
consecutive slices. In each image, it is possible to observe 
a renal calculus in the inferior part of the left kidney 
( arrowheads ) and a pathological bowel loop (transverse 
colon), characterized by wall thickening and submucosal 
involvement ( arrows )       
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    Conclusions 

 IBD may be considered systemic disorders 
predominantly affecting the gastrointestinal 
tract, but with different kinds of extraintestinal 
associations, which reduce patient’s quality of 
life [ 9 ]. 

 Disease management and therapy planning 
are mainly based on information regarding 
pathology extent, so early recognition of these 
extraintestinal manifestations should help to 
guide therapy reducing overall morbidity [ 3 ].     
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15.1           Introduction 

 Infl ammatory bowel diseases (IBD) are chronic 
gastrointestinal diseases that typically affect the 
young working-age population. Patients with 
IBD, both asymptomatic and symptomatic, often 
develop complications during their clinical 
course. This is particularly true in patients with 
Crohn’s disease (CD) and biological signs of 
infl ammation, despite being asymptomatic. In 
addition, it seems clear that the absence of symp-
toms does not imply an absence of 
infl ammation. 

 For all the above mentioned reasons, patients 
should be followed up and objectively evaluated. 

 IBD are idiopathic diseases characterized by 
periods of remission and frequent exacerbations 
[ 1 ]. To appreciate the impact of disease progres-
sion, it is necessary to understand the natural his-
tory of IBD. In CD patients, the cumulative 
relapse rate during the fi rst 10 years of disease is 

reported to be 90% and the cumulative probabil-
ity of surgery 38% [ 2 ]. High unemployment rates 
of 35–39% have been identifi ed in IBD subjects 
from the USA, the Netherlands, and Sweden [ 3 –
 5 ]. Recently, many authors affi rmed that the ther-
apeutic goal in IBD should be to change the 
course of the disease, and this can be reached not 
just achieving a clinical remission but mainly 
obtaining the so-called mucosal healing. For this 
reason, an accurate assessment of the severity of 
mucosal infl ammation is necessary to optimize 
treatment [ 6 ,  7 ]. 

 The gold standard for evaluating the infl am-
mation of the intestine is endoscopy with multi-
ple biopsies [ 8 ]. However, this is an invasive and 
expensive exam and requires sedation. 

 Moreover, direct observation of the affected 
mucosa or evaluation of the full extent of infl amed 
areas may be compromised by using endoscopy, 
either from inaccessibility given by fi brostenotic 
or edematous narrowings that limit progression 
or by proximal disease that skips the distal ileum 
or involves the more proximal small bowel [ 9 ]. 

 Another key point is that treatment targets in 
Crohn’s disease are evolving beyond symptoms, 
and this evolution requires the adoption of moni-
toring strategies that can readily and reliably 
detect the presence of complications and extrain-
testinal disease, can be repeated at specifi ed 
intervals, and are cost-effective. 

 For these reasons, in gastroenterological 
 practice, clinical scores, serum markers of 
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 infl ammation, and cross-sectional imaging tech-
niques are widely used. 

 In patients with IBD, active disease, pro-
gressive course with cumulative intestinal 
 damage, development of complications, the 
presence of extraintestinal manifestations, and 
treatment of adverse effects may result in 
 disability. The young age of onset and the 
 propensity to develop complications have con-
sequences for the long-term prognosis and 
impact on future disability and quality of life. 
For these reasons, the disability evaluation in 
patients with IBD should be mandatory during 
the follow-up since it is an objective determina-
tion and differs from subjective assessments 
such as quality of life. 

 The Crohn’s Disease Activity Index (CDAI) is 
a research tool used by clinicians to quantify the 
symptoms of patients with CD. Clinical trials of 
CD often use formal grading systems to describe 
disease severity. Two commonly used systems 
are the Crohn’s Disease Activity Index (CDAI) 
and the Harvey-Bradshaw Index (HBI) [ 10 ], 
which is a simplifi ed derivative of the CDAI. The 
HBI has been shown to correlate with the CDAI 
[ 11 ]. 

 According to the American College of 
Gastroenterology, it may be more practical for 
clinical practice to take on mind the following 
defi nitions [ 12 ]:

•    Asymptomatic remission (CDAI <150) – 
Patients who are asymptomatic either sponta-
neously or after medical or surgical 
intervention. Patients requiring steroids to 
remain asymptomatic are not considered to be 
in remission but are referred to as being “ste-
roid dependent.”  

•   Mild to moderate Crohn’s disease (CDAI 
150–220) – Ambulatory patients able to toler-
ate an oral diet without dehydration, toxicity, 
abdominal tenderness, mass, obstruction, or 
>10 % weight loss.    

 A new tool to assess disability in IBD has 
been recently developed [ 13 ]: this novel scoring 
system was designed for the International 
Classifi cation of Functioning IBD-Disability 

Index (ICF IBD-DI), and it was validated as an 
instrument highly suitable for measuring IBD- 
related disability for both CD and UC. During its 
validation, this score proved to be suffi ciently 
sensitive to detect disability in patients with IBD 
[ 14 ]. The ICF IBD-DI consists of 19 items 
divided into 28 parts covering the 5 domains of 
Overall Health, Body Function, Body Structures, 
Activity Participation and Environmental Factors 
[ 15 ]. The IBD-DI was specifi cally designed to 
exclude the use of any questions that examine 
patients’ subjective coping and feelings. 
Moreover, age at diagnosis, sex, phenotype, peri-
anal disease, prior surgery, steroid use, and dis-
ease duration do not infl uence the IBD-DI, but 
active use of biological agents signifi cantly 
reduce disability.  

15.2     Cross-Sectional Imaging 
Techniques in the Follow-Up 
of IBD 

 Although endoscopy remains the gold standard 
for assessing CD activity, it suffers from several 
limitations, as invasiveness, need for sedation, 
inability to assess extramural disease, and inad-
equate visualization of small bowel. Imaging 
techniques are therefore gaining importance in 
a complementary role, especially to evaluate 
the cumulative intestinal damage. Imaging of 
the small bowel has changed in recent years, but 
the imaging goals are primarily to determine 
the extent of small bowel involvement, assess 
complications, and defi ne candidates for 
surgery. 

 Multiple imaging modalities have been used 
in IBD, divided into conventional and cross- 
sectional ones. Among the fi rst ones, the small 
bowel follow-through (SBFT) has been the most 
commonly used to evaluate small bowel, and its 
use was justifi ed before the introduction of cross- 
sectional modalities [ 16 ]. The SBFT demon-
strates mucosal detail, length of small bowel 
involvement, and luminal diameter. However, 
one of the main features that is important for the 
clinician in the follow-up is to evaluate extralu-
minal disease, such as the presence of abscesses, 

G. Lo Re et al.

gianfranco.cocorullo@unipa.it



139

in order to start biological therapy and assess 
response to it. Extramural complications 
 including internal fi stulas may be identifi ed 
through SBTF [ 17 ], but other extramural compli-
cations such as abscess are not reliably demon-
strated compared with other modalities [ 16 ,  18 ]. 
SBFT is a long-lasting examination, does not 
reliably exclude the presence of early disease, 
and exposes to high radiation dose. 

 On the other hand, cross-sectional techniques 
have advanced the ability to diagnose, classify, 
and monitor IBD and their extramural complica-
tions reducing or avoiding the radiation exposure, 
and this is particularly important since most of 
the patients are young and exams are repeated at 
specifi ed intervals to monitor therapy. 

 In patients who have already been diagnosed 
with IBD, cross-sectional techniques have a role 
in evaluating response to therapy and disease 
activity and monitor progression and intestinal or 
extraintestinal complications of the disease, thus 
suggesting the appropriate therapy [ 16 ]. 

15.2.1     Intestinal Ultrasound 

 Transabdominal intestinal ultrasound (IUS) is a 
widespread, cheap, noninvasive, risk-free proce-
dure, which is useful both in the diagnosis and 
management of patients with IBD [ 16 ]. 

 Ultrasonography may show the transforma-
tion of the intestinal wall from normal to patho-
logical state in infl ammatory disease. 

 IUS for IBD mainly requires high-frequency 
(5–17 MHz) linear array probes to increase spa-
tial resolution and to allow adequate assessment 
of bowel diameter and of the recognizable 5-layer 
wall pattern [ 19 ]. 

 IUS is performed without sedation and just 
with 4 h fasting before the examination. The use 
of oral and/or IV contrast agents may increase 
diagnostic accuracy, though their use remains 
controversial. Recent studies [ 20 ,  21 ] on patients 
with CD proved the usefulness of small intestine 
contrast US to assess changes caused by anti- 
infl ammatory treatment, through an evaluation 
before and after it, and its relationship with the 
clinical and biological response; however, these 

studies did not relate the changes to endoscopy 
but to clinical evaluation as CDAI. 

 Color or power Doppler imaging of the vascu-
larity of thickened wall segments has been 
proved useful in the distinction between remis-
sion and active disease, as normal bowel wall 
does not show much vascularity [ 16 ]. In CD, the 
vascularization is involved: the estimation of 
“vessel density” seems to be a reliable semiquan-
titative score for disease activity [ 22 ]. As demon-
strated by Bolondi et al. [ 23 ], in active IBD there 
is an increase in portal fl ow velocity and reduc-
tion of the resistance index of superior mesen-
teric artery. 

 The implementation of US with the intrave-
nous administration of contrast medium (contrast- 
enhanced ultrasound, CEUS) has been widely 
used for the diagnosis, but mainly for the follow-
 up and the grading of CD due to its high diagnos-
tic accuracy, comparable with CT or MR [ 24 ]. 
Elastography has been described recently in 
patients with IBD, but studies so far are lacking 
[ 25 ].   

15.2.2     Computed Tomography 

 CT examination by either CT enterography 
(CTE) or CT enteroclysis has become a widely 
used technique for SB investigation. 

 A good correlation has been shown between 
CT enteroclysis and histopathology results in 
regard to infl ammatory changes [ 26 ]. However, 
CT enteroclysis is more invasive than CTE 

 Keep in Mind 

     (i)    CT should not be routinely used in the 
follow-up of IBD, because of radiation 
exposure and similar diagnostic accu-
racy compared to US and MR in the 
follow-up.   

   (ii)    CT has a high spatial resolution, and it 
is useful to evaluate extramural 
involvement, as abscesses, and in 
emergency situations thanks to its high 
velocity in performing examination.     
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with a similar diagnostic accuracy, and for 
these reasons, it is rarely performed especially 
in children [ 27 ]. 

 Compared to MR, CT enterography is more 
readily available, has a shorter image acquisition 
time, provides slightly better image quality, is 
available for patients with implanted MR-sensitive 
devices, and costs less than MR enterography 
[ 28 ]. 

 Although the radiation dose associated with 
CTE can be minimized with the use of automatic 
exposure control, MR enterography is preferred 
for younger patients who are likely to undergo 
multiple lifetime scans, as a follow-up for 
asymptomatic adults, and when there is the pos-
sibility of low-grade obstruction or contraindica-
tions for CT, including pregnancy and contrast 
allergy [ 28 ]. 

 For the above considerations, CTE is mainly 
preferred for acute emergency situations, 

because, thanks to its high spatial resolution, it 
allows to accurately assess potential complica-
tions of IBD that require surgical management, 
such as perforation, peritonitis, postoperative 
leaks, abscess, severe strictures/obstruction, 
and fi stulas (Figs  15.1  and  15.2 ) [ 16 ]. This is 
particularly true in patients with low subcuta-
neous fat in whom MR does not allow an ade-
quate assessment due to its lower spatial 
resolution. Furthermore, CTE is useful to eval-
uate the presence of any extraintestinal involve-
ment of the disease, and it remains an 
examination of choice for abscess drainage, to 
assess its extension and select the most appro-
priate access route.

    In the evaluation of response to therapy 
(Fig.  15.3 ), when comparing responders with 
nonresponders, only the presence of “comb sign” 
on the index CT is predictive of radiologic 
response [ 29 ].    

a b c

  Fig. 15.1    Axial CT images show stratifi ed bowel wall 
thickening ( arrow ) with surrounding creeping fat before 
surgery on ( a ) and after surgery in ( b ) and ( c ). After ileal 

resection ( b ), it can be still detected a mild stratifi ed bowel 
wall thickening of the neo ileum terminal ( arrowhead  
in  c )       

a b

  Fig. 15.2    ( a ,  b ) Patient with Crohn’s disease who was submitted to ileostomy in the right side ( arrow  in  a ) with recur-
rence of the disease in the preterminal ileum and perivisceral abscess ( arrowhead  in  b )       
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15.2.3     Magnetic Resonance 
Enterography 

 Magnetic resonance enterography (MRE) pro-
vides useful information in the study of IBD, 
mainly CD. In children, due its simplicity and 
the lack of radiation exposure, MRE is the pre-
ferred technique in the follow-up of IBD [ 16 ]. 
However, problems such as imaging artifacts due 
to bowel peristalsis and motion or poor coopera-
tion of the child may be responsible of poor qual-
ity images [ 16 ]. 

 Through the MR images, it is possible to 
 identify the main features of the disease such as 
the involvement of the bowel wall, and in particu-
lar of the mucosa and submucosa, and the 
involvement of the near structures (comb sign, 

mesentery, nodes). In particular, MRE allows the 
detection of ulcers, infl ammatory pseudopolyps, 
stenosis, adhesions, and fi stulas. These signs 
 usually allow to make the diagnosis of CD with 
good confi dence [ 16 ,  30 ,  31 ]. 

 Evaluation of CD through diffusion weighted 
imaging (DWI) is a more and more growing fi eld 
since DWI yields high qualitative information. 
Infl ammation of the bowel wall causes restricted 
diffusion shown as increased signal intensity and 
decreased ADC values [ 32 ]. 

 Hence, MRE allows to differentiate among the 
three forms of CD: infl ammatory, stricturing (ste-
nosing), and penetrating disease. Regarding stric-
turing CD, thanks to motion sequences, MRE 
allows the differential diagnosis of functional and 
organic strictures: these latter can be identifi ed by 
observing decreased peristalsis (frozen bowel 
sign) using cine balanced steady-state free pre-
cession (cine BSSFP) images [ 33 ]. 

 MRI has been shown to be the best imaging 
technique to differentiate active infl ammation 
from fi brosis [ 16 ]. For active disease, the sensi-
tivity and specifi city of MRE are estimated as 
87.5% and 79.3% compared to 100% and 62.1% 
for CTE, while for fi brosis, the sensitivity and 
specifi city of MRE are 57.1% and 82.1% com-
pared to 42.3% and 67.9% of CTE, respectively 
[ 34 ]. 

 MRE may also be used to monitor response to 
therapy in patients with CD. According to the 
ECCO/ESGAR guidelines, MRI is accurate for 

 Keep in Mind 

     (i)    Using fecal calprotectin, PCR, and US 
of the intestinal loops, it is possible to 
identify patients at high risk of IBD to 
be submitted as soon as possible to an 
endoscopic and histological evaluation 
of the gastrointestinal tract.   

   (ii)    The simultaneous negativity of these 3 
test allows to exclude, with a high 
degree of probability, the risk of being 
affected by IBD.     

a b

  Fig. 15.3    Axial CTE in the post contrastographic phase 
shows diffuse bowel thickening of the distal ileum with 
pseudopolyps and a stenotic tract, before medical therapy 

( a ); ( b ) shows the same patient after medical therapy with 
marked reduction of the wall bowel enhancement and of 
the mesenteric involvement       
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therapeutic monitoring in colonic Crohn’s 
 disease, while the accuracy of other modalities is 
not well defi ned [ 28 ]. In recent study [ 35 ], in 
patients with active CD and ulcers in at least one 
ileocolonic segment who underwent ileocolonos-
copy and MR enterography at baseline and 
12 weeks after therapy, MRE proved to have a 
high accuracy in detecting ulcer healing and 
endoscopic remission using ileocolonoscopy as a 
reference standard. 

 Moreover, through MR, it is possible to detect 
extraluminal fi ndings and complications of 
IBD [ 36 ]. 

 Comparing MRE with endoscopic fi ndings, 
some authors derived the Magnetic Resonance 
Index of Activity (MaRIA) score to assess dis-
ease activity [ 37 ]. This score derives from the 
evaluation of many imaging MR fi ndings as the 
relative contrast enhancement and wall thickness 
of bowel wall and the presence of edema and 
ulcerations. Moreover, it proved to be a valid, 
responsive, and reliable instrument for the assess-
ment of therapeutic response. 

 Compared to laboratory tests and endoscopy, 
MRE shows a fair agreement between disease 
activity identifi ed on endoscopy, and elevation in 
infl ammatory markers is associated with enterog-
raphy disease activity [ 36 ]. Moreover, there is a 
signifi cant correlation between disease activity 
on enterography and histology from surgically 
resected bowel as well as Crohn’s disease activity 
index (CDAI) score [ 38 – 41 ]. 

 Finally, MRE allows to detect any “systemic” 
abnormality related to IBD, as the presence of 
gallstones, which can be detected also on US, and 
seronegative spondyloarthropathies, in particular 
ankylosing spondylitis (SpA) (if the entire spine 
is involved) or sacroiliitis (if only the sacroiliac 
joint is involved). 

 MRI may have a role in the diagnosis of SpA 
and sacroiliitis: active infl ammatory lesions such 
as bone marrow edema/osteitis, synovitis, and 
enthesitis, and capsulitis associated with SpA can 
be detected by MRI. Also structural damage such 
as sclerosis, erosions, fat deposition, and ankylo-
sis can be detected by MRI. Furthermore, MRI 
plays a key role in the early diagnosis of sacroili-
itis; for this reason, in 2009, the ASAS 

(Assessment of SpondyloArthritis international 
Society) group published new criteria for the 
classifi cation of axial spondyloarthropathy, based 
on sacroiliitis on MRI in patients without struc-
tural damage [ 42 ]. As demonstrated by Leclerc-
Jacob et al. [ 43 ], sacroiliitis is mainly depicted on 
thin coronal slices acquired 3 min after contrast 
agent injection: in these conditions, contrast 
agent may enhance infl ammatory bone marrow 
localized near subchondral bone or the articular 
surface. 

 Finally, considering that CD may lead to 
important disabilities and that there is recognized 
increased cancer risk in patients with IBD, MRE 
may play a pivotal role in the follow-up of the 
disease. Most cancers in patients with CD are 
small bowel adenocarcinomas, which are usually 
located in the jejunum and the terminal ileum, 
and they can be detected on MRE [ 44 ] mainly as 
thickening of the terminal ileum, usually extend-
ing from the ileocecal valve, with luminal nar-
rowing and stranding of the surrounding 
mesenteric fat, and restricted signal on 
DWI. Compared to de novo adenocarcinoma, in 
CD it is particularly located in bypassed loops or 
in vicinity of chronic fi stula. However, active CD 
shows increased signal too, so that this technique 
might not be appropriate to differentiate between 
active disease and tumor using just DWI and 
apparent diffusion coeffi cient, though it may be 
useful to detect cancer in patient with quiescent 
or inactive CD.    

 Key Points 

     (i)    MRE offers excellent imaging of trans-
mural and perienteric lesions in IBD.   

   (ii)    Being x-ray-free, it allows to monitor 
IBD and response to therapy in IBD 
also considering that nowadays the 
diagnosis of CD is more often done 
with MRE than US or CT, mainly in 
pediatric patients.   

   (iii)    Affected loops are easily detected 
through DWI sequences as loops with 
high signal that are easily recognized 
since they light up like a “bulb lamp.” 
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15.3     Diagnosis of Colonic 
Complications in IBD 

 The Vienna classifi cation of CD distinguishes 
three patient subgroups according to disease 
behaviour: penetrating, stricturing, and infl am-
matory. It is mandatory for the clinician and the 
surgeon to have an accurate assessment of any 
penetrating or stricturing complication occurring 
during the follow-up of patients with IBD 
because surgical management is mainly reserved 
for complications including strictures, adhesions 
and bowel obstructions, fi stula, and perianal 
disease. 

15.3.1     Penetrating Complications 

 Penetrating disease may be defi ned as the occur-
rence of intra-abdominal or perianal fi stulas and/
or abscesses. 

 According to the ECCO/ESGAR guidelines, 
morphologic demonstration of penetrating 
 complication may be obtained through US, CT, 
and MRI; sensitivity and specifi city of these 
 techniques in the detection of penetrating disease 
are reported in Table  15.1  [ 28 ].

   Fistulas usually occur in the advanced stage of 
the disease, when there is a transmural extension. 

They are abnormal communications between two 
epithelial surfaces or between an epithelial sur-
face and the skin. According to the involved 
loops, we can distinguish ileocecal, entero- 
enteral, and enterocolic fi stulas; furthermore, 
leaks that go through to the skin are called entero-
cutaneous fi stulas, but other organs can be 
involved in fi stulas, such as the bladder, vagina, 
and anus. 

 Fistulas usually appear at US evaluation as 
hypoechoic, duct-like peri-intestinal lesions 
with lumen diameter <2 cm; at CT examination 
as linear enhancing tracts with or without com-
munication with adjacent structures, tethering 
bowel loops; and at MRI hyperintense on 
T1-weighted images and hyperintense on 
T2-weighted images [ 16 ]. 

 Infl ammatory lesions in IBD may extend 
beyond intestinal wall leading to abscesses. 
These are seen at US examination as thick 
walled, hypoechoic, peri-intestinal round-like 
lesions; at CT exam as a ring-enhancing fl uid 
collection, with or without air, and with well-
defi ned borders; and at MR as an isolated collec-
tion of high-signal- intensity areas on the 
T2-weighted image, especially in ischioanal 
fossa [ 16 ].  

15.3.2     Stricturing Complications 

 The most common complication of IBD, mainly 
CD, is obstruction, and it may arise from swell-
ing and the formation of scar tissue. The result is 
thickening of the bowel wall and a narrowed 
intestinal passage. These narrowed areas are 
called strictures. 

 On US, strictures are defi ned as lumen diam-
eter <1 cm with prestenotic distention defi ned as 
lumen diameter >2.5 cm; at CTE examination, 

also in the early stage before clinical 
symptoms.   

   (iv)    MRI is the imaging modality of choice 
for the evaluation of perianal disease, 
fi stula, and adjacent abscesses.   

   (v)    MRI is accurate for therapeutic moni-
toring in colonic Crohn’s disease.     

   Table 15.1    Sensitivity and specifi city of US, CT, and MR in the detection of fi stulas and abscesses   

 US  CT  MR 

 Fistulizing complications  Sensitivity 71–87 % 
 Specifi city 90–100 % 

 Sensitivity 68 % 
 Specifi city 91 % 

 Sensitivity 71–100 % 
 Specifi city 92–100 % 

 Abscesses  Sensitivity 81–100 % 
 Specifi city 92–94 % 

 Sensitivity 86–100 % 
 Specifi city 95–100 % 

 Sensitivity 75–86 % 
 Specifi city 91–93 % 
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radiologists can identify mural stratifi cation due 
to intramural edema and strictures, but they can 
be false positive due to an inadequate bowel dis-
tension; MRE is fundamental since it can distin-
guish between functional and organic strictures 
through CINE-MR. 

 According to the ECCO/ESGAR guidelines, 
contrast enema or cross-sectional imaging can be 
used to diagnose and assess colonic strictures, and 
accuracy is improved with colonic distension. 

 Sensitivity and specifi city of US, CT, and MR 
in the detection of strictures are reported in 
Table  15.2  [ 28 ].

   Pelvic MRI using T2-weighted images and 
contrast-enhanced T1-weighted images is the 
imaging modality of choice for the evaluation 
of perianal disease, fi stula, and adjacent 
abscesses; it is superior to anal endosonogra-
phy, CT, or surgical evaluation for showing dis-
ease extent [ 45 ,  46 ]. Extra-enteric complications 
may be visualized on MRE with less depen-
dency on bowel distension as required for opti-
mal CT imaging, an important technical 
advantage of MRE.      
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16.1            Introduction 

 It is known that the treatment of Crohn’s disease 
(CD) absolutely needs a multidisciplinary 
approach with an important relationship between 
gastroenterologist and surgeon. 

 CD, in fact, is a chronic infl ammatory bowel 
disease interesting all segments of alimentary 
tract showing extreme variability of clinical pre-
sentations [ 1 ,  2 ]. Medical therapy when ineffec-
tive will give way to surgical treatment, and the 
last one isn’t possible without adequate pharma-
cological support. 

 Synthetically, it’s possible to affi rm that gas-
troenterologist treats CD and the surgeon its 
complications.  

16.2     Presurgery 

 Before evaluating surgical treatment of CD, it’s 
important to focalize the three different patterns 
of the affection: infl ammatory, stenosing, and fi s-
tulizing appearance [ 3 – 5 ]. 

 The infl ammatory one is characterized by 
mucosal edema; symptoms are fever, diarrhea, 
anemia, asthenia, abdominal pain, weight loss, 
and electrolyte imbalance. 

 The clinical presentation arises from a chronic 
evolution to very acute presentations that lead 
patients to kidney failure due to dehydration. 
Moreover it’s known that reiteration of infl am-
matory facts can evolve to fi brosis and stenosis. 

 The stenosing presentation causes a signifi -
cant reduction of caliber of bowel lumen due to 
edema or fi brosis. It is characterized by clinical 
history of transitory bowel obstruction with 
abdominal pain, vomit, and malnutrition due to 
reduction in food intake. The late evolution 
shows an acute bowel obstruction with abdomi-
nal distension and air-fl uid levels. 

 The fi stulizing presentation depends on ana-
tomical site and fi stula typology. It is possible to 
fi nd entero-enteric or enterocutaneous fi stulas but 
also the bladder can be involved, causing urinary 
symptomatology. Obviously the fi stulizing pat-
tern can determine localized or diffuse peritonitis 
due to free perforation. 

 An important tool in CD severity evaluation is 
the Crohn’s Disease Activity Index (CDAI) [ 6 ]; 
the clinical stadiation, instead, is referred to the 
Vienna or Montreal classifi cation [ 7 ]. 

 As previously announced, surgery treats com-
plications. These are distinguished in local and 
systemic [ 8 ]. 
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 Local complications increase with the disease 
duration (from 19 % in the fi rst year, till 60 % 
after 8 years) and include: internal or external fi s-
tulae, obstruction, perforation, bleeding, and 
abscess. Fistulas and abscesses are more frequent 
in fi stulizing colonic localizations, while obstruc-
tion is the most frequent complication of stenos-
ing ileal forms. Perineal fi ndings, at last, are 
secondary to a colonic involvement and will be 
treated in another chapter. 

 Systemic complications, instead, include cuta-
neous, ocular and joint involvement, as well as 
gallstones formation due to alteration of the 
absorption of bile salts [ 9 ].  

16.3     The Detection 
of Complications 
and the Surgical Planning 

 Surgery is mostly involved in the management of 
local complications [ 8 ]. 

 Clinical history, laboratoristic analysis, and 
radiological fi ndings determine the choice of a 
surgical treatment. 

 In the diagnostic assessment (see related chap-
ters), the nature, the localization, the extension, 
and the type of injury have to be determined [ 10 ]. 

 The surgical treatment can be required in 
emergency (see previous chapter) for acute pre-
sentations, but it must be planned whenever it’s 
possible. 

 So, it is important to improve both local and 
general patient conditions in order to minimize 
any postoperative complications. The use of 
anti- infl ammatory drugs and the drainage of 
abdominal collections together with bowel rest 
and the administration of parenteral nutrition 
can improve nutritional and immunological 
conditions of the patient and so his performance 
status [ 11 ].  

16.4     Surgery 

 Since the CD can involve each tract of gastroin-
testinal tract, even its complications can occur in 
different localizations. 

16.4.1     Esophagus 

 In the esophagus, it’s possible to fi nd an ulcerated 
mucosa or strictures; these conditions are usually 
treated with medical therapy, while surgery is 
infrequent.  

16.4.2     Stomach and Duodenum 

 Gastroduodenal involvement is rare, and related 
complications are obstruction, perforation, fi s-
tula, and hemorrhage. The fi rst attempt of treat-
ment has to be conservative medical therapy, and 
surgery should be avoided when possible. 
However, in strictures, gastrojejunostomy and 
strictureplasty are the treatments of choice; even 
postoperative complications are frequent. Fistulas 
need a wedge resection of gastroduodenal orifi ce 
and a resection of the involved bowel tract.  

16.4.3     Small Bowel 

 Generally, small bowel strictures are the most 
frequent indications of surgical treatment; how-
ever intraoperative previously undiagnosed fi nd-
ings can be encountered, such as the presence of 
fi stulas or abscesses. The surgical management 
of fi stulas is provided by the resection of the 
involved bowel and the closure of the secondary 
orifi ces. 

 The procedure of choice for the treatment of 
strictures is segmental resection and anastomosis 
in single time. Until a few decades ago, surgeons 
considered necessary to remove the lesions with 
a wide margin of macroscopically healthy gut. 
Today it is followed the concept of preserving as 
much bowel as possible, due to the high inci-
dence of postoperative recurrences and the detec-
tion of possible regressions of mild lesions [ 12 , 
 13 ]. Thus, when multiple stenotic tracts coexist 
or in already resected patients, strictureplasty 
becomes the treatment of choice [ 14 ]. 

 Heineke-Mikulicz technique is used for short 
strictures, Finney technique is chosen for long 
ones (>10 cm), while Michelassi technique is 
performed for large stenotic tracts (Fig.  16.1 ). 
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These conservative surgical treatments have the 
aim of avoiding massive intestinal resections that 
can lead to the “short bowel syndrome” with fl uid 
and electrolytes disturbance and malnutrition. Of 
course, strictureplasty has to be avoided in suspi-
cious of malignancy or if morbid and bleeding 
mucosa is highlighted.

   The obstructed tract often comprises the cecum 
and the terminal ileum; in these cases it becomes 
necessary an ileocecectomy [ 15 ] (Fig.  16.2 ).

16.4.4        Colon 

 Colonic involvements of CD rarely require sur-
gical treatment, as, in these tracts, strictures 
occur less. 

 However, the solely colonic involvement can be 
treated with a colectomy with rectal preservation 
and an ileorectal anastomosis. A segmental colon 
resection can be an option. In this regard, Fazio rec-
ommends to perform a right hemicolectomy for 
involvement of ileocolonic or right side colon, a 
total or subtotal colectomy if the disease involves at 
least one-half of the colon, and a sigmoid colec-
tomy or an anterior resection if only this area is 
affected [ 16 ]. Hartmann’s procedure can be an 
alternative to the restoration of bowel transit. 

 It is still debated whenever to perform a total 
colectomy or a limited resection of strictures; 
total colectomies seem to encounter lower recur-
rence, even segmental colectomies will have a 
better functional outcome [ 17 ]. 

 However, when the colon is entirely patho-
logical and there is an involvement of the rectum 
or anus, a proctocolectomy with ileostomy should 
be realized. Distal ligation can be performed 
without the need for vascular isolation. 
Restorative proctocolectomy should be avoided, 
even in an apparent healthy small bowel.   

16.5     The Role of Minimally 
Invasive Surgery in CD 

 Today the minimally invasive surgery fi nds an 
important role in the treatment of almost all sur-
gical pathologies, including CD. 

 Laparoscopic surgery provides several advan-
tages that have to be considered when planning 
and selecting the preferable approach for patients. 

 These advantages include:

•    Faster postoperative course adding an inferior 
surgical stress  

•   Reduced postoperative pain  
•   Earlier hospital discharge  
•   Early recovery of preoperative performance 

status  
•   Better cosmetic outcome  
•   Lesser blood loss  
•   Lesser occurrence of peritoneal contamination    

 A meta-analysis was produced in order to 
analyze the advantages of laparoscopic approach 

  Fig. 16.1    Strictureplasty with a side-to-side anastomosis 
according to Michelassi       

  Fig. 16.2    End-to-end ileocolic anastomosis       
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compared to open surgery for ileocecal resec-
tion in CD [ 22 ]. In a review that collected data 
from 20 studies, it is shown that laparoscopy is 
a valid alternative to open surgery. An analysis, 
performed on 783 patients, 338 (43.2 %) of 
whom underwent laparoscopic ileocecal resec-
tion, shows longer operative time for the laparo-
scopic approach; in terms of intraoperative 
bleeding and complications, laparoscopic and 
open group were fairly consistent, while postop-
erative hospital stay was signifi cantly shorter in 
the laparoscopic- treated patients as the recovery 
of bowel sounds occurs earlier; fi nally, compli-
cations were comparable. Therefore, laparo-
scopic resection offers substantial advantages in 
terms of postoperative recovery and hospital 
stay [ 18 – 23 ]. 

 These results confi rmed the safety of the pro-
cedure, so the laparoscopic surgical approach to 
CD can be an important option. 

 However, CD laparoscopic surgery suffers 
for the presence of a reduced tactile feedback 
that could hinder the identifi cation of stric-
tures. Moreover, the mesenterial thickening in 
the suffering tracts can make it diffi cult the 
resection. 

 In this case to exteriorize the tracts to be 
resected and to perform the resection trough the 
minilaparotomy can be an option to overcome 
these problems and to perform manual anastomo-
sis. In these cases a L-L anastomosis is preferable 
to consent a large anastomotic lumen which pre-
vents stenosing relapses. 

 The use of staplers in CD is described and uti-
lized, even if mechanical anastomosis in thicken 
bowel walls should be avoided. Moreover it is 
possible to put over some discharging stitches 
(Fig.  16.3 ).

   Laparoscopy should be preferable in young 
patients that probably will be submitted to other 
intervention in the next years; in fact, the reduced 
adhesions formation provided by the less bowel 
manipulation can make easy next access. Older 
patients can benefi t from the less invasive 
approach in reducing the postoperative sequelae 
and thus in early recovery. 

 Of course, a very important factor is the sur-
geon’s skill in laparoscopy and in CD treatment.     
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17.1           Introduction 

 Crohn’s disease, as a chronic infl ammatory 
 disease of unknown etiology that can affect any 
part of the alimentary canal from the mouth to the 
anus, has a highly variable course and a very 
unpredictable evolution [ 1 ,  2 ]. 

 Even surgery does not cure CD, it has however 
a relevant role in its treatment in combination to 
medical therapy during the large course of the 
disease; indeed almost each CD patient is sub-
mitted to a surgical intervention during his life. 

 Nowadays, surgery is considered the last treat-
ment to use whenever medical therapy is insuffi -
cient to control symptoms; this choice involves 
an intervention on more serious patients with 
more surgical complications. Surgery fi nds in the 
Crohn’s disease a main role in the management 
of the obstructive or septic complications; how-
ever, elective surgical treatments are proposed in 
patients with sub-occlusive presentation due to 
chronic fi stulas or with high CD index (>220) 
with a terminal ileum-cecum disease [ 3 ]. 

 Systematic guidelines on the management of 
acute presentation of CD are diffi cult to defi ne 

due to the high number of possible clinical 
 presentation. In fact, the grade of urgency, general 
conditions of patient, the offset or the recurrence 
of the disease, and the medical and surgical team 
experience are determinants on the treatment [ 3 ]. 

 Laparoscopy is preferable to open surgery, 
except in complex cases or in recurrent resections. 
It shows lower morbidity rates and lower mortal-
ity, faster recovery of intestinal motility, lower 
admission times, lower adhesions formation, and 
lower rates of incisional hernias [ 3 ]. Moreover, 
laparoscopy consents in patients with presentation 
of “acute appendicitis” a complete exploration of 
the bowel consenting differential diagnosis. 

 Of course a specifi c surgical skill is required 
in advanced laparoscopy, especially in patients 
needing resection because of the frequent com-
plexity of anatomic presentation. 

 Emergency surgery is still performed in up to 
19 % of the cases, even if the multidisciplinary 
approach to CD reduced the emergency operation 
rate over the years [ 3 ]. 

 Anyway, within complication group, occur-
rence of intestinal perforation unfortunately 
increases, and in 23.5 % of cases, it represents the 
onset of CD [ 4 ,  5 ].  

17.2     Pseudoappendicitis 

 Acute symptoms of an ileocolic localization of 
CD can frequently simulate an acute appendicitis. 
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 Patients can show a sudden pain located in the 
right iliac fossa; Blumberg sign can be positive; 
the patient can present pyrexia, vomiting, and 
neutrophil leukocytosis [ 6 ]. This “pseudoappen-
dicitis” can be caused by an acute terminal ileitis 
or granulomatous enteritis [ 7 ]. 

 International guidelines recommend different 
medical or surgical approaches, in relation to the 
different presentations of the disease [ 8 ]. 

 Differential diagnosis is diffi cult, and when-
ever diagnosis has not yet done, a careful medical 
history has to be collected, and in suspicious 
cases, instrumental examination including ultra-
sounds and CT (or MRI) must be done. 

 Undoubtable, most of these patients reach the 
operating room without a correct diagnosis, and 
even during surgery, diagnosis is not always 
done; histological fi ndings fi nally allow to the 
correct framing. 

 If the CD is known, an acute abdominal pain 
in the right iliac fossa should be managed with 
medical therapy whenever possible (like patients 
presenting an abdominal abscess), or alterna-
tively, by a drainage of fl uid collections with or 
without small bowel resections. However, when 
ileocecal resection is needed, a side-to-side 
mechanical anastomosis is recommended if the 
wall thickness consents its performance [ 3 ]. 

 If there is an intraoperative diagnosis of CD, 
surgeon should perform a peritoneal toilet avoid-
ing resection and appendectomy; prophylactic 
appendectomy could expose the patient to the 
risk of a fi stulization even if it is a low risk [ 9 ]. 
Otherwise, to perform appendectomy permits a 
histological diagnosis of the disease, even if an 
endoscopic postoperative diagnosis is possible 
too.  

17.3     Acute Intestinal Obstruction 

 Acute intestinal obstruction is the most frequent 
complication of Crohn’s disease. 

 In 35–54 % of cases, this complication is 
related to a terminal ileum localization that is the 

most frequent form; however, a digiunal (22–
36 %) or colonic disease (5–17 %) can cause an 
occlusive presentation too [ 8 ]. 

 If correct diagnosis is done, medical therapy 
should be the treatment of choice, except in 
patients with sepsis incoming [ 3 ]. 

 Granulomatous enteritis can develop a scar 
thickening evolving in fi brosis and also in a tight 
stenosis with bowel obstruction that imposes a 
surgical resolution if medical therapy is not 
effective. 

 The resection of the terminal ileum and cecum 
is the most widespread intervention in these cases. 

 The right hemicolectomy or more extensive 
resections are often not needed and harmful, so 
these are not recommended [ 3 ]. 

 Whenever the granulomatous enteritis leads to 
fi stulas or abscesses, involving many small intes-
tinal loops, an initial lateral ileostomy and a 
colonic mucosa fi stula may be appropriate to per-
form, and a second look should be done later [ 10 ].  

17.4     Perforation 

 Enteritis can evolve versus bowel perforation, 
too. 

 This presentation occurs in 1–3 % of patients 
with CD, and in this group, it is the fi rst manifes-
tation in 25 % of cases [ 11 ]. 

 Spontaneous perforations occur more fre-
quently in the small bowel resulting in acute 
 peritonitis; the treatment in these cases is abdom-
inal toilet and bowel resection with or without 
 single- step anastomosis depending on perfor-
mance status of the patient and on severity of 
peritonitis [ 12 ].  

17.5     Granulomatous Pancolitis 

 The colon can be affected in whole or in the form 
of “skip lesions.” 

 This presentation will require an urgent surgi-
cal treatment if patients develop acute anemia, 
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hypoproteinemia, hyperthermia, and diffuse 
peritonitis. 

 In cases of healthy rectoanal region, a subtotal 
colectomy with terminal ileostomy, with or without 
a mucous fi stula on the sigma, should be done [ 13 ]. 

 Because of the signifi cant risk of dehiscences, 
restoration with anastomosis should be avoided. 

 The restorative intervention has to be delayed 
for at least 6 months.  

17.6     Abdominal Abscess 

 The abscess, a complication that occurs in 
approximately 25 % of patients, is defi ned as an 
infl ammatory mass which originates from bowel 
perforation [ 14 ]. 

 The perforation is promptly covered by fi brin 
on the surface of the loops; fi brin causes adhe-
sions between the loops among which it develops 
the abscess cavity (Fig.  17.1 ). It can be associated 
with a fi stula in the 40 % of cases, a severe steno-
sis (51 %), or to anastomotic recurrence [ 15 ].

   Presentation can range from the complaint of 
subacute symptoms to a generalized sepsis that is 
showed in 28 % of patients [ 16 ]. 

 Conservative therapy and interventional radi-
ology drainage represent the fi rst attempt of treat-
ment; this choice allows to postpone the surgical 
act and, then, to perform a resection with one- 
step anastomosis [ 3 ]. 

 The success of percutaneous drainage reported 
in literature varied from 65–96 %; failures are 
often related to the phenotype of the disease, the 
use of steroids, and the presence of compartmen-
talized abscess. If this treatment failed, patients 
require a surgical therapy with lysis of adhesions 
and surgical drainage. The risk of sepsis and 
anastomotic leakage could increase in not drained 
patient in whom biological immunosuppressive 
therapy is administered [ 17 – 21 ]. 

 About whether to associate a resection or a tem-
porary ileostomy, the “American Society of Colon 
and Rectal Surgeons” guidelines consider that for 
the surgical eradication of the abscess, a resection 
of diseased bowel is generally required, even if in 
presence of the risk of short bowel syndrome [ 18 ]. 

 To avoid the resection of a large amount of 
bowel, the drainage and a temporary ileostomy 
without intestinal resections could be performed 
in urgency.  

17.7     Hemorrhage 

 Intestinal hemorrhages represent a rare clinical 
presentation in Crohn’s disease being the 1–3 % 
among all complications [ 22 ]. 

 These originate by the erosion of a vessel, due 
to an ulceration of the bowel mucosa, and in 
65 % of cases, the seat is represented by the small 
bowel [ 23 ]. 

 Surgical interventions are often required. An 
attempt to control the bleeding by interventional 
endoscopy or interventional radiology should be 
done. Emergency surgery will be performed in 
patients with hemodynamic impairment or recur-
rent bleeding [ 24 ].    Fig. 17.1    Abdominal Abscess       
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17.8     Severe Acute Colitis 

 Even for Crohn’s disease, severe acute colitis can 
be defi ned based on the criteria of Truelove and 
Witts used for ulcerative colitis [ 25 ]. The criteria 
are enclosed in Table  17.1 .

   The abdominal X-ray depicts, in severe acute 
colitis, no colon distension. 

 The treatment of this complication should be 
conservative for 3–5 days; if medical therapy is 
ineffective, an emergency total colectomy will be 
performed, with ileostomy, and a mucous fi stula 
in the sigma embedded in the lower part of the 
laparotomy [ 26 ]. 

 Surgical therapy has to be applied to all 
patients not responding to medical therapy 
because, if perforation occurs, mortality reaches 
40 % of cases [ 22 ]. 

 This approach consents signifi cant reduction 
of operative mortality rate (0.6 %), even if a 

high morbidity rate still remains, accounting 
up to 33 %. The reoperation rate, fi nally, is 
14.6 % [ 27 ].  

17.9     Toxic Megacolon 

 Toxic megacolon is a complication that occurs in 
4–6 % of patients [ 22 ]. 

 The defi nition used for ulcerative colitis 
according to the Truelove and Witts’ criteria is 
used even for Crohn’s disease [ 28 ]; criteria are 
showed in Table   17.2  .

   Medical therapy should be attempted for a 
maximum of 3 days, if patient did not improve, a 
total colectomy in emergency have to be per-
formed (Fig.  17.2 ).

   Indeed, if there is a clinical improvement with 
medical therapy, the treatment strategy is to per-
form an elective total colectomy [ 29 ].     

   Table 17.1    Criteria of truelove and witts for severe acute 
colitis   

 1  >6 discharges per day with blood 

 2  Pyrexia (>37.5 ° C) 

 3  Tachycardia (>90 bpm) 

 4  Anemia (Hgb < 75 % of normal level) 

 5  Elevated erythrocyte sedimentation rate (>30 mm/h) 

   Table 17.2    Criteria of truelove and witts for toxic 
megacolon   

 1  >6 discharges per day with blood 

 2  Pyrexia (>37.5 ° C) 

 3  Tachycardia (>90 bpm) 

 4  Anemia requiring transfusion 

 5  Elevated erythrocyte sedimentation rate (>30 mm 1 h) 

 6  Colonic dilatation on X-ray of the abdomen >6 cm 

 7  Abdominal distension 

  Fig. 17.2    Megacolon       
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18.1            Anatomy and Clinical 
Defi nitions 

 The perineum is a diamond-shaped anatomic region 
bounded anteriorly by the pubis, posteriorly by the 
end of last coccygeal vertebra and laterally by the 
ischial tuberosities. The perineum contains anteri-
orly the penis and the scrotum in males and the 
vulva in women and posteriorly the anus. Lesions of 
the anus and perianal region are localized by con-
vention and independently by position of the patient 
(genucubital, gynecological, etc.) dividing the area 
into four quadrants and localizing the injury as if 
there was a clock with 12 o’clock (anterior perineum) 
corresponding to the scrotum in males or the vulva 
in females and 6 o’clock corresponding to the 
 coccyx. Hence, all anal and perianal lesions on the 
left are between 12 o’clock, 3 o’clock and 6 o’clock, 
while the ones on the right are identifi ed as 
being between 12 o’clock, 9 o’clock and 6 o’clock. 

 The anus is the external opening of the diges-
tive system and continues proximally with the 
rectum through the anal canal. 

 The anal canal is lined by transition mucosa. 
More in the submucosa there is the hemorrhoidal 

venous plexus. More deeply there is the sphincter 
apparatus deputy to fecal continence. This 
sphincter apparatus consists of two concentric 
sphincter muscle layers, which are structurally 
different: the internal sphincter muscle, which is 
a muscle thickening in continuity with smooth 
muscle fi bers of the rectum and the voluntary 
external sphincter muscle which is a continuation 
of the levator ani muscles. 

 The mucosal transit from the anal canal to rec-
tum is lined by the pectinate line, a wavy line 
where the crypts of Morgagni lie. At the base of 
these crypts of Morgagni, in the antigravity posi-
tion, there are the glands of Hermann and 
Desfosses that often involve also the fi bers of the 
internal sphincter muscle. 

 The outside of the rectum is covered with adi-
pose tissue that fi lls the ischiorectal space. It is 
bounded superiorly by the pelvic diaphragm that 
separates it from the pelvis-rectal space; this lat-
ter represents the pelvic preperitoneal part of the 
pouch of Douglas. 

 Therefore, a penetrating lesion of the anal 
canal may involve these perirectal spaces.  

18.2     Types of Perianal Lesions 

 Perianal involvement in Crohn’s disease may 
present with a variety of perianal lesions [ 1 ]. 

 This variety is related to the different stages of 
the progression of the disease itself. Whether the 
origin is from the crypts of Morgagni (crypto-
genic origin) or from Crohn’s ulcer of the anal 
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canal, these lesions evolve penetrating in the 
 submucosal layer, thus becoming septic and 
 giving rise to an abscess. The natural evolution of 
the abscess is a fi stula with the skin. 

 According to the fi stula path, we can distin-
guish different types of perianal fi stulae, includ-
ing the rectovaginal fi stula. 

 If the infl ammatory process is extended and 
long-lasting, chronic infl ammation may be 
responsible for anal stenosis and/or fecal inconti-
nence and may lead to dysplasia or neoplasia. 

 The short-term goals in the treatment of peri-
neal Crohn’s disease are abscess drainage and 
reduction of symptoms. 

 The long-term goals are resolving fi stula dis-
charge, improvement in quality of life, fi stula 
healing, preserving continence, and avoiding 
proctectomy with stoma. 

18.2.1     Anal Ulcer and Fissure 

 Anal canal ulcer denotes an involvement of this 
region by Crohn’s disease and is often associated 
with perianal fi stula, being often its origin: in 
these cases, it is possible to fi nd the entrance of 
the fi stulous track on its undermined edge. 

 Anal ulcer is often confused with an anal fi s-
sure, but it may be placed either eccentrically 
around the anal canal in contrast to idiopathic 
fi ssure in ano which tends to lie in the midline 
and is not associated with the so-called sentinel 
skin tag. 

 Considering that this lesion has to be 
accounted as a Crohn’s disease localization, sur-
gical treatment is not indicated, while systemic 
and local drugs are required. 

 The anal ulcer and fi ssure are usually painless 
and spontaneously heal in more than 80 % of 
patients [ 2 ]. 

 Operative intervention in unselected patients 
does not improve the outcome and should gener-
ally be avoided. 

 However, patients who have pain and who do 
not have macroscopic evidence of rectal infl amma-
tion or local sepsis, lateral sphincterotomy may 
achieve healing without subsequent incontinence in 
most patients. Fissurectomy is contraindicated [ 3 ].  

18.2.2     Skin Tag 

 There are two types of skin tags:

•    Large, edematous, hard, cyanotic skin tag and 
often tender or painful. Typically arising from 
a healed anal fi ssure or ulcer. Excision contra-
indicated due to problems with a high rate of 
postoperative complications, including poor 
wound healing  

•   “Elephant ear” tag is fl at, broad, long (up to 
2 cm) and narrow polypoid lesions (fi broepi-
thelial polypoid tags), soft, painless. May 
cause perianal hygiene problems and can be 
safely excised (however, excision of these 
innocuous tags is rarely required) [ 2 ,  3 ]     

18.2.3     Perianal Abscess 

 Potential anorectal spaces may become infected 
with an abscess, including intersphincteric, 
ischiorectal and supralevator or pelvic-rectal 
spaces. If fi stula is present, the abscess is resul-
tant of obstruction of a perianal fi stula tract. 

 The symptoms are perianal pain, tenderness, 
swelling, and fever. 

 Perianal abscesses must be drained surgically. 
Superfi cial perianal abscesses may be associated 
with a low perianal fi stula and can be treated with 
incision and drainage. Deep perianal abscesses 
may be associated with a complex perianal fi stula 
and should be treated with incision and drainage 
and placement of a noncutting seton if the fi stula 
can be identifi ed or placement of a mushroom 
catheter if an associated fi stula cannot be identi-
fi ed. The placement of setons, while allowing 
prolonged drainage of the abscess, in essence 
perpetuates a perianal fi stula [ 2 ,  3 ].  

18.2.4     Perianal Fistula 

 A fi stula is a tract of pus and/or granulation tissue 
between two epithelial surfaces lined with a 
fi brous wall. Primary tracts are connections 
between the internal and external openings, while 
secondary tracts are blind extensions [ 2 ]. 
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 Surgical treatment of perianal fi stulas differs 
depending upon the anatomic classifi cation and 
the overall treatment; both medical and surgical 
depend upon the stage of anal and rectal 
disease. 

 The most commonly used anatomic clas-
sifi cation is the St. Mark’s Hospital [ 4 ] one, 
which distinguishes simple and complex fi stu-
las; this classifi cation is adopted by the ECCO 
guidelines [ 5 ] and accepted by the American 
Gastroenterological Association Clinical Practice 
Committee [ 2 ]. 

 The presence of proctitis, defi ned as any ulcer-
ation and/or stricture in the rectum, or infl amma-
tion and/or stricture of the anal canal, is an 
important component for fi stula assessment 
(Statement 4 IOIBD and European Society of 
Coloproctology Guidelines) [ 6 ]. 

 Patients without macroscopic evidence of 
proctitis who have  simple fi stulas  may be treated 
by laying open the fi stula tract (fi stulotomy) or 
by a complete fi stula excision (fi stulectomy). The 
use of a noncutting seton rather than fi stulotomy 
in patients with low fi stulas and proctitis is 
preferred. 

 A noncutting seton is a suture or drain that is 
threaded into the cutaneous orifi ce of a perianal 
fi stula, through the fi stula tract, and across the 
mucosal orifi ce of the fi stula into the rectum and 
then out the anal canal. A noncutting seton main-
tains drainage of the fi stula, thereby reducing the 
risk of perianal abscess formation. 

 In general, there is a trend toward greater heal-
ing rates following fi stulotomy for simple fi stulas 
in patients without macroscopic evidence of 
infl ammation of the rectum when compared with 
patients with active proctocolitis [ 3 ]. 

  Complex fi stulas  require a more conservative 
surgical approach. Indeed, we cure the fi stula 
problem at the price of leaving the patient with 
fecal incontinence. The main objective is to 
reduce the risk of incontinence or proctectomy. 
The secondary objective is the healing and/or the 
elimination of recurrent disease. 

 In the complex fi stulas, there are many steps 
of treatment. 

 In patients with complex fi stula, the treatment 
is aimed at a cone-like excision of all the tissue in 

the ischiorectal fossa that contains the 
extrasphincteric part of the fi stula with its even-
tual branches. The base of the cone is the perianal 
skin with one or more external fi stulous tracks 
and the apex in the external side of the external 
sphincter muscle. This excision may be per-
formed at one time or at multiple times if the 
extension of the removal would be too excessive 
and consequently too uncomfortable for patient’s 
life and relationship. The residual cavity, in fact, 
heals by secondary intention and the healing time 
is proportional to the amount of removed tissue. 
If repeated removals are needed, the remaining 
fi stulous branches are stabilized with extrasphinc-
teric loose setons. When the removed parts heal, 
these residual fi stulous branches are removed. 
Then a seton is put in the trans-sphinteric part of 
the fi stula. 

 As in a tree, whose trunk is the trans-sphin-
teric part of the fi stula and whose branches are 
the extrasphincteric parts, surgery consists in 
removing, at one or more times, all the branches, 
so that only the trunk, that corresponds as said 
to the trans-sphinteric part of the fi stula, will 
remain (see Figs.  18.1  and  18.2 ).

    Perianal disease is considered an exacerbation 
of CD or a resistance to the current treatment; 
hence, after reduction of the sepsis and down-
grading of the disease, a biological therapy is 
needed (IG-IBD Statement 5D) [ 7 ]. 

 The seton is left in place until at least the 
induction of the anti-TNF treatment period has 

  Fig. 18.1    Extra-sphinteric fi stulectomy and setons 
placement       
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been completed. Then, the seton is removed 
(clearing the fi stulous track) (see Fig.  18.3 ) and 
the fi stula healed by the drug.

   To date, this multidisciplinary approach repre-
sents the best management of complex perianal 
disease. 

 Indeed, the results of combined treatment lead 
to closure rate of the fi stula of 78.5 % (11 out of 
14) of patients who completed the surgical pro-
gram after a mean follow-up of 18.8 months [ 8 ]. 
But in another study, the fi stula closure rate was 
signifi cantly lower (29 %, 14 out of 48) after a 
mean follow-up of 20 months [ 9 ]. In the only 
published abstract by Rizzello et al. [ 10 ], 100 
patients were treated with adalimumab after a 
deep surgical perineum sanitization. A complete 
fi stula closure was observed in 77 % of treated 
patients at 156 weeks. 

 In the only published controlled trial (ADAFI) 
planned on patients with perianal disease treated 
with biologics (± ciprofl oxacin), the fi stula closure 
rate at 24 weeks was 33 % (12 out of 36) in those 
treated with adalimumab and 53 % (18 out of 34) in 
those treated with adalimumab plus ciprofl oxacin, 
but this difference was not signifi cant ( p  = 0.098). 
Nevertheless in this trial, the number of patients 
with complex perianal disease was not specifi ed; 
only about 20 % of patients were treated with seton 
placement presuming that the number of patients 
with complex perianal disease was low [ 11 ]. 

 Finally, data from the retrospective study by 
El-Gazzaz et al., including more than 100 
patients, the fi stula closure rate, in those who 
completed the surgical program and started bio-
logics, was 36.6 % (37 out of 101) after a mean 
follow-up of 3.2 years [ 12 ]. In the ADAFI trial 
and in the study by El-Gazzaz et al., the recur-
rence rate was not reported. 

 The large published series on perianal fi stuliz-
ing CD treated with infl iximab showed a long- term 
cumulative probability of recurrence of 16.6 %, 
31.3 %, and 40 % at 1, 2, and 5 years, respectively. 
When considering only the subgroup of patients 
treated with maintenance infl iximab treatment, the 
cumulative probability of recurrence was 12 % and 
36.6 % at 1 and 5 years, respectively [ 13 ]. 

 In the prebiological era, the cutting seton was 
used. An analysis in the St. Mark’s Hospital of 
London showed that complex fi stulas are treated 
obteining healing in 55 out 79 fi stulas (70 %). But 
this result has been obtained just using in 26 out 
79 (33 %) fi stulas the local conventional surgery 
(the study does not mention the incontinence rate) 
and in 21 out of 79 (38 %) treated with major sur-
gery (defunctioning stoma, proctectomy)! [ 4 ]. 

 The recurrence rate for “complex” fi stulas 
managed with a cutting seton is reported to be 
0–8 % with minor incontinence in 34–63 % and 
major incontinence reported in 2–26 % of patients 
[ 14 ,  15 ]. 

 Cutting setons are also associated with signifi -
cant morbidity related to discomfort from the 
seton [ 16 ]. 

 In patients not responding or intolerant to 
 biological therapy, a local biological therapy has 
been proposed. Evidences suggest that local 

  Fig. 18.3    Courettage to remove the seton       

  Fig. 18.2    Seton positioned only in the trans-sphinteric tract       
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injection of anti-TNF-α into the fi stula tract may 
be benefi cial. Two Italian groups described in 
pilot trials show local injections of both infl ix-
imab and adalimumab could improve fi stula heal-
ing avoiding their systemic actions, but controlled 
and randomized trials are required to prove the 
value of this technique [ 17 – 20 ].  

18.2.5     Rectovaginal Fistula 

 It is a particular type of fi stula in ano, whose exter-
nal opening is not on perianal skin but in the vagina. 
Rectovaginal fi stula may be classifi ed according to 
its track according to Parks classifi cation in super-
fi cial, intersphincteric, trans-sphincteric, supra-
sphincteric and extrasphincteric fi stulas. 

 This kind of fi stula arises from penetrating 
ulceration of the anal canal or rectum into the 
vagina. 

 Surgical treatment of rectovaginal fi stulas in 
patients with perianal Crohn’s disease should 
only be attempted in the absence of active infl am-
mation of the rectosigmoid colon. 

 Fistulotomy should rarely be used to treat low 
rectovaginal fi stulas due to sphincter injury risk. 

 Placement of noncutting setons in this setting 
tends to enlarge the opening, making the fi stula 
more symptomatic. An exception is when there is 
a rectovaginal septal abscess or infl ammatory 
mass in addition to the fi stulas. 

 Patients with rectovaginal fi stulas may be 
treated by a number of other approaches, includ-
ing primary closure, transanal advancement fl ap, 
sleeve advancement fl ap, and transvaginal 
advancement fl ap. 

 All the above-described techniques for fi stulas 
have been used for this particular case but results 
were worse, while encouraging data were those 
using interposition of gracilis muscle [ 3 ].  

18.2.6     Anorectal Stricture 
and Incontinence 

 Anorectal stricture may be short annular 
diaphragm- like strictures <2 cm in length or lon-
ger tubular strictures. 

 Anal or rectal strictures may arise as compli-
cations of ulceration of the anal canal or rectum, 
perianal abscesses, and complex perianal fi stu-
las. They are often associated with ongoing 
proctitis. 

 Symptoms are typically those of urgency, 
incontinence, tenesmus, frequency, and dif-
fi culty with defecation. Some patients are 
asymptomatic. 

 The treatment is dilation: endoscopic and 
intraoperative during intervention for other asso-
ciated lesions (gentle fi nger dilation to preserve 
sphincter function) and/or with specifi c devices 
like fi nger or bougie or Hegar’s dilators at home. 
Repeat dilations are often required. 

 Some patients will require proctectomy [ 2 ,  3 ].  

18.2.7     Anal Cancer 

 Cancer occurs rarely with an incidence rate of 
0.2 per 1000 patient-years [ 21 ]. 

 A systematic review of 34 case series and 
reports published in English language between 
1950 and 2008 reports 61 cases of cancer, mainly 
in females (61 %). Females were signifi cantly 
younger than males at the time of diagnosis of 
cancer (47 vs. 53 years,  P  <0.032). 

 Females were noted to have the fi stula for sig-
nifi cantly shorter duration prior to cancer trans-
formation when compared to males (8.3 vs. 
16 years,  P  = 0.0035). The average duration of 
CD was 18 years for female versus 24 years for 
male (p 0.005). 

 Cancer was detected at the fi rst visit and diag-
nosed with biopsy in only small number of 
patients (20 %). In 59 % of patients, the cancer 
was detected anywhere between 1 month and 
2 years after the initial presentation. The average 
delay in diagnosis of carcinoma in fi stula tract 
was 5.8 months (median 3 months). 

 Adenocarcinoma was the most common his-
tology (59 %), followed by squamous cell carci-
noma (31 %). 

 The most common presenting complaints 
were pain (39 %) and persistent fi stula (25 %). 
An abscess was reported at the time of examina-
tion in 41 % of patients [ 22 ]. 
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 The treatment  is  the one reported by oncologic 
guidelines and the prognosis for these patients is 
poor [ 23 ].   

18.3     Adjunctive techniques 
to fi stula closure 

 The not entirely encouraging results of combined 
treatment pushed the research toward fi nding 
new therapies hoping in better results. 

 The presence of proctitis is a bad prognostic 
index due to the rate of not healing and/or relapse. 
Hence, in patients with proctitis, relapse or 
absence of healing with biological therapy, surgi-
cal sphincter-saving surgery can be associated to 
strengthen the biological drug. 

 These techniques have been borrowed from 
the treatment of cryptogenic fi stulas and data for 
Crohn’s fi stulas are not enough. 

 Some of these techniques then are aimed at 
closing the internal orifi ce, others at closing the 
fi stula although branched (liquids) and others at 
fi nding the best application in simple tracks. The 
various options can be combined. The best pre-
requisite for optimal results is the absence of sep-
sis and the presence of a single fi stula track. 

18.3.1     Surgical Techniques for the 
Closure of Internal Orifi ce 

 An  Mucosal Advancement Flap (MAF)  can be 
used as an alternative to noncutting setons or 
after stabilization of the fi stula through the non-
cutting seton and the removal of sepsis, in patients 
with complex fi stulas who  do not  have macro-
scopic evidence of rectal infl ammation. 

 The concept of endorectal advancement 
fl aps is to preserve the sphincter by closing off 
the primary opening by means of a mobilized 
fl ap. 

 An advancement flap consists of incising a 
flap of tissue (mucosa, submucosa, circular 
muscle) around the internal opening of a 
 fistula, excising the internal opening of the 
fistula tract and pulling the flap down to cover 

the primary fistula opening. Thereby we close 
the high pressure end of the fistula tract but we 
untouch the sphincter complex. The excluded 
fistula segment is expected to dry out over 
time. It is more difficult to use this technique 
for anteriorly positioned internal orifices. 

 The guidelines provided by the American 
Society of Colon and Rectal Surgeons [ 24 ] in 
2005 have established that an endorectal advance-
ment fl ap should be the best option to treat a 
recurrent complex fi stula. 

 In a systematic review of 35 studies with 
an average follow-up of 28.9 months, the suc-
cess rate of MAF for Crohn’s fi stulas was 64 % 
(range 33.3–92.9 %). The incontinence rate 
was 9.4 % with a wide interstudy variability 
(range 0–28.6 %). Re-interventions were needed 
in almost 50 % of patients [ 25 ]. Data from 
Cleveland, after a mean follow-up of 7 years, 
report a healing rate of 68 %, but report also the 
opportunity, in case of failure, to repeat a sec-
ond, and, if necessary a third fl ap. Hence, the 
healing rate in Crohn’s diseases rises from 68 % 
to 89 % [ 26 ]. 

  Ligation of the intersphincteric fi stula tract 
(LIFT)  is a surgical option in the management of 
trans-sphinteric fi stulas when the tract has 
matured into a fi brotic tube with granulation tis-
sue enabling ligation and transection. 

 The surgical approach consists of ligation of 
intersphincteric tract close to the internal opening 
and removal of intersphincteric tract, scraping 
out all granulation tissue in the rest of the fi stu-
lous tract and suturing of the defect at the exter-
nal sphincter muscle [ 27 ,  28 ]. 

 In a prospective study of 15 consecutive cases 
of  CD patients  with trans-sphinteric fi stulas, 
none of them developed fecal incontinence, and 
LIFT site healing was seen in 67 % of patients 
with a follow-up of 12 months [ 29 ]. 

 In a review of 18 studies, 592 patients were 
considered with trans-sphinteric fi stula reported 
in 73.3 % of cases. The mean healing rate was 
74.6 %. The mean healing time was 5.5 weeks, 
and the mean follow-up period was 42.3 weeks. 
No de novo incontinence developed secondary to 
the LIFT procedure [ 30 ].  

G. Solina et al.

gianfranco.cocorullo@unipa.it



165

18.3.2     Surgical Technique for Closure 
of the Fistulous Track 

 The aim is to facilitate the closure of the fi stula 
tract using materials that serve as solid or semi-
solid matrix to incorporate fi broblasts and tissue 
regeneration. Critic points: these materials are 
absorbed before scar tissue has formed, espe-
cially if there is sepsis. The semisolid material 
would have the advantage of fi lling also any asso-
ciated ramifi cations or sinus. 

18.3.2.1     Liquid or Semisolid Materials 
  Fibrin glue  consists of fi brinogen and thrombin. 
Upon mixing, a fi brin clot is formed, which is 
thought to stimulate wound healing by inducing 
angiogenesis and fi broblast growth. 

 Initial studies of fi brin sealant for the manage-
ment of anal fi stulas were promising [ 31 ,  32 ]. Tyler 
et al. [ 33 ] reported also a prospective series of 89 
patients with “complex” anal fi stulas managed by 
obliteration of the fi stula tract by fi brin glue. With at 
least 1 year of follow-up, 70.7 % of fi stulas were 
healed. In contrast, a prospective series of 42 patients 
by Loungnarath et al. [ 34 ] reported that 31 % of fi s-
tulas were healed by use of fi brin sealant. 

 In a study of Johnson EK et al. [ 35 ], the success 
rate of plug vs. the fi brin glue was 87 % vs. 40 %. 
A meta-analysis found no signifi cant difference 
between fi brin glue and conventional surgery with 
regard to recurrence and fecal incontinence rates 
[ 36 ] mainly between fl ap +/− fi brin glue showing 
worse outcomes after the combination of the two 
compared to fl ap repair alone [ 37 ]; thus, this mate-
rial has not been used anymore. 

 As an alternative, it has been proposed the use 
of an injectable mixture consisting of  acellular 
porcine dermal matrix cross - linked  (Permacol © ). 
The technique is the same as the glue one. 
Hammond TM et al. reported results of complex 
fi stulas not related to IBD at 29 months: in 12 of 
15 patients they healed [ 38 ]. 

 It has been proposed the association of the fl ap 
with the mixture of Permacol ©  with a reported 
success after follow-up of only 6 months of 10 
healings/11 patients including six IBD patients. 
The recurrence occurred in an IBD fi stula [ 39 ].  

18.3.2.2     Solid Materials 
 Bioprosthetic anal fi stula plugs are more resistant 
to depolymerization, but they imply disadvan-
tages in case of not previously detected second-
ary fi stulous tracks (relapse). 

 Plugs, made of collagen, or  lyophilized por-
cine intestinal submucosa  (Surgisis ©  acellular 
biomaterial created from the endothelium of 
the porcine small bowel) or Gore-Tex © , are 
inserted via the internal fi stula opening to fi ll the 
fi stula tract and leave the sphincter apparatus 
untouched. 

 Plugs are put under general anesthesia. All fi s-
tula tracts and primary openings are identifi ed 
using conventional fi stula probe and/or hydrogen 
peroxide instillation. All tracts are irrigated with 
hydrogen peroxide; however, the tracts are not 
curetted to avoid enlarging or damaging the fi s-
tula tract. The plug is pulled tip-fi rst into the 
internal opening until resistance is encountered. 
The excess plug material is trimmed fl ush with 
the mucosa, and the plug is buried into the pri-
mary opening using a fi gure-of-eight 2–0 vicryl, 
which is inserted deep to the internal sphincter 
muscle. The plug is trimmed at skin level at the 
secondary opening. Care is taken not to occlude 
the secondary opening to allow drainage of mate-
rial and to avoid a closed system. At the end of 
the procedure, the plug is completely buried 
within the fi stula tract. In the case of multiple 
separate fi stulas, this is repeated for each fi stula 
tract. In the event of an excessively large- diameter 
fi stula, the tract is “matured” using setons and 
10 % topical metronidazole, for a period of 
6–8 weeks, before anal fi stula plug insertion. 
This narrows the diameter of the fi stula tracts to 
dimensions that are amenable to “plugging.” 

 Success rates in retrospective cohorts and one 
open-label study with a median follow-up of 
6–15 months varied between 24 % and 88 %. 
Patients with multiple fi stula tracts had a signifi -
cantly higher failure rate [ 6 ]. 

 In a prospective study with porcine intestinal 
submucosa anal fi stula plug on complex Crohn’s 
anorectal fi stula, 80 % of patients were healed 
[ 40 ], but in later studies, data were opposite with 
low healing rate (33 %) [ 41 ]. 
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 One of the studies reported that failure was 
caused by dislodgement of the plug in 22 % of 
the cases [ 42 ]. 

 It is commercially available a type of Surgisis ©  
modifi ed with a “button” that should be fi xed in 
the internal opening at the plane of the internal 
sphincter (Biodesign ©  Anal Fistula Plug with 
biologic button) [ 43 ]. 

 The Gore Bio-A Fistula Plug ©  is made 
from a  synthetic bioabsorbable polyglycolide - 
trimethylene   carbonate copolymer  and comprises 
a  disk  attached to six tubes. The Bio-A ©  Fistula 
Plug is designed to prevent unexpected migration 
or extrusion. Its round disk has been designed to 
cover the internal opening suffi ciently to prevent 
passage of the plug down the track. It virtually 
prevents plug dislodgement. Furthermore, the 
disk and the submucosal covering should offer a 
double barrier to the passage of feces through the 
track. 

 The tracks are curetted and then irrigated with 
hydrogen peroxide. A small submucosal pocket 
is created around the internal opening to allow 
the disk of the device to be accommodated. The 
submucosal pocket is then closed with 3–0 
absorbable stitch. The disk is included in the 
suture to prevent plug migration, and the protrud-
ing tubes were trimmed 2–3 mm beyond the sur-
face of the perianal skin. 

 In a prospective study on 11 cryptoglandular 
fi stulae, the success was reported in 72.7 % 
(8/11) of patients, but the follow-up was short 
and healing evaluation not performed through 
MR [ 44 ]. 

 These data are better than the ones published 
by Portilla et al. [ 45 ]: in their study, the success-
ful closure was observed in 3 of 19 patients 
(15.8 %), but in only 3 patients, setons had been 
previously placed and the treatment of sepsis 
may be responsible of the different healing 
rates. 

 Lastly, the study by Buchberg B et al. is also 
interesting, in which Cook Plug ©  is retrospectively 
compared to Gore Plug © . The overall procedural 
success rate in the Gore group was 6 of 11 (54.5 %) 
versus 2 of 16 (12.5 %) in the Cook group. A total 
of 19/27 (70 %) procedures failed to resolve the 

fi stulas. The reasons for failure were plug dis-
lodgement in two attempts (10.5 %) and persistent 
drainage in 17 attempts (89.5 %) [ 46 ]. 

 Data show varying success rates for fi stula 
closure, which may be due to the heterogeneity 
of the studies regarding fi stula origin (Crohn’s vs. 
cryptoglandular) and follow-up. 

 In general, plugs may offer a valid fi rst-line 
option for surgical treatment; measures to pre-
vent dislodgement and perioperative antibiotics 
may increase success and safety, although costs 
can be a major concern [ 7 ]. 

  In conclusion , there are very few randomized 
controlled trials comparing the various 
 modalities of surgery for fi stula in ano. Newer 
operations like the anal fi stula plug and the 
LIFT procedure need to be evaluated by ran-
domized clinical trials [ 55 ].   

18.3.3     Other Techniques for Local 
Therapy 

  Mesenchymal stem cells  seem to have prom-
ising applications in perianal CD. They are 
non- hematopoietic precursors of connective 
tissue cells with anti-infl ammatory and tissue- 
regenerative properties, extracted from subder-
mal adipose tissue obtained through liposuction. 
They may be injected into the rectal mucosa 
around fi stula opening and into fi stula tract with 
fi brin glue [ 47 ,  48 ]. 

 García-Olmo et al. [ 48 ] reported a phase II 
study in which adipose-derived stem cells in 
fi brin glue vs. fi brin glue alone were  administered 
in 49 patients (14 affected by CD): fi stula healing 
was observed in 16 % of the patients who received 
only fi brin glue vs. 71 % of the patients who 
received stem cells plus fi brin glue ( p  <0.001). In 
another phase II study [ 49 ], complete fi stula heal-
ing was observed in 27/33 patients (82 %) by 
8 weeks after ASC injection. 

 An Italian study, employing autologous bone 
marrow-derived mesenchymal stromal cells, con-
fi rmed that this novel approach represents a fea-
sible, safe, and benefi cial therapy in refractory 
CD [ 50 ]. 
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 A recent multicenter open-label, single-arm 
clinical trial was conducted at six Spanish hospi-
tals. Twenty-four CD patients with complex fi stu-
las were treated intralesionally with 20–40 
millions of expanded allogenic adipose-derived 
stem cells: 69 % of patients showed a reduction in 
the number of draining fi stulas at week 24, while 
56 % achieved complete closure of the treated fi s-
tula, and only  6 / 24 patients  ( 30  %) obtained com-
plete closure of all existing fi stula tracts [ 51 ]. 

 However, double-blind randomized placebo- 
controlled trials are needed to draw any conclu-
sions on this therapeutic modality [ 6 ,  52 ]. 

 In those patients with extensive and severe 
sepsis, mainly in the case of early relapse and 
conspicuous leakage of pus, it may be necessary 
to have a  diverting temporary stoma . The ratio-
nale for fecal diversion is to reduce fecal fl ow 
across the fi stula tract by reducing fl ow through 
the rectum, allowing the rectal mucosa to heal 
and the fi stula to close. These procedures are now 
only rarely performed after a number of studies 
showed that most patients who undergo place-
ment of a temporary diverting ileostomy or colos-
tomy for perianal Crohn’s disease never have 
intestinal continuity restored [ 4 ]. 

 Complex fi stulas associated with uncontrol-
lable and recurrent sepsis and/or anal stenosis 
and/or incontinence are candidate, as last 
option, to perform  proctectomy  with a perma-
nent stoma [ 52 ]. 

 This proctectomy rates for patients with peri-
anal Crohn’s disease managed conservatively 
range from 10 % to 18 % [ 3 ]. 

 Proctectomy does not always eradicate prob-
lems, as up to 40 % of patients experience 
delayed healing of a perineal wound and/or a 
persistent perineal sinus [ 53 ]. In these cases, it is 
possible to do a gracilis muscle transposition 
associated to proctectomy or to treat the residual 
sinus after previous proctectomy. In a single ret-
rospective study including 18 CD patients, graci-
lis transposition was successful for complex 
fi stulas in 64 % and for persistent nonhealing 
perineal sinuses in 50 % of the cases with main-
tained effi cacy (90 % upon 10 months median 
follow-up) [ 54 ].      
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