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v

 Crohn’s disease remains a very elusive clinical entity for more than 80 years 
since the original description. The scientifi c community has clearly come a 
long way, but there are still many unknowns. 

 While new and more effective drugs are developed and tested, we still do not 
clearly know the basic etiology and pathogenesis of the disease as we are tar-
geting several different steps of the uncontrolled and self-destructive infl amma-
tory cascade. This is clearly not the whole story as remission rates, while better 
than ever before, are not overwhelming and recurrences are not the exception 
as proven by the steady rates of surgical interventions in these patients. 

 Racial, geographic, and genetic predispositions, considered a landmark of 
the disease in the past, do not apply any longer as the incidence of Crohn’s 
disease is increasing dramatically in Asia, and in the USA the disease is not 
sparing minorities any longer. Several reasons for such a change have been 
hypothesized, but no theory has been proven correct. 

 The medical and surgical approach to the disease has changed signifi cantly 
as well. Effective maintenance therapy, after remission is achieved, is now part 
of the therapeutic options with acceptable long-term side effects. The same 
applies to surgically induced remission now routinely surveyed to direct further 
therapy. Multiple surgeries in the lifetime of these patients, previously an 
expected outcome, are now the exception and potentially avoidable. This trend 
will continue to improve as new therapeutic agents are developed. 

 Surgery for Crohn’s disease has evolved dramatically. The radical extended 
resections via a full laparotomy are things of the past and belong to the his-
tory museum. Laparoscopy, in experienced hands, is the standard of care. 
Medical preoperative optimization together with bowel sparing approaches, 
such as very advanced strictureplasty techniques, has allowed us to limit the 
amount of intestine resected, thus avoiding the devastating sequelae of short 
bowel syndrome. New anastomotic techniques have shown promising results 
in terms of reduction of postoperative recurrences. 

 Eighty years in medicine nowadays is a very long time; the advances that 
have taken place in the fi eld of infl ammatory bowel disease in general and 
Crohn’s disease in particular have revolutionized the management of this dis-
ease. The level of complexity is now such that dedicated specialists (IBD gas-
troenterologists and surgeons) are needed to properly treat these patients. This 
is now a true multidisciplinary disease that should only be managed in the 
context of a multispecialty group that includes gastroenterologists, surgeons, 
radiologists, pathologists, enterostomal therapists, psychologists, nutritionists, 
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and pediatricians all working together based on the needs of the individual 
patient. The concept of personalized medicine totally applies to this patient 
population. 

 With these concepts in mind we have invited to contribute a premier group of 
specialists, each with decades of experience in the fi eld of Crohn’s disease, to 
offer a comprehensive overview of the current standards and future directions. 
The title of this book is somewhat deceiving, since there is nothing basic about 
Crohn’s disease any longer; our knowledge is only scratching the surface.  

  Seattle, WA, USA     Alessandro     Fichera    

Foreword
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role in my personal growth as a Crohn’s disease surgeon and many of them 
have contributed to this book. This is a totally inadequate way to thank them 
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            Introduction 

 There is no doubt that the existence of Crohn’s 
disease has pre-dated our ability to understand 
and defi ne it. In fact, a precise defi nition contin-
ues to elude us to this day, relying mostly on phe-
notype to describe the diverse presentations of the 
disease. This lack of precision, compounded by 
rudimentary and perfunctory specimen evaluation 
techniques of the past, left Crohn’s disease an 
undiscovered entity until the 1932 seminal paper 
by Crohn and Ginzburg and Oppenheimer (CGO) 
[ 1 ]. We now recognize the incidence rate to be as 
high as 16 per 100,000 worldwide [ 2 – 4 ]. The his-
tory of Crohn’s disease is a tale of discovery that 
is far from complete and has utilized many of the 
advances of medical science to improve the preci-
sion of both diagnosis and treatment. Surgical 
therapy has evolved from primary treatment to 
being reserved for medically refractory or com-
plicated cases. Medical therapy, once predomi-
nated by therapeutic nihilism between surgical 

episodes, has evolved with more sophisticated tri-
als and therapies now including narrowly targeted 
drugs. Herein, we review the early descriptions of 
Crohn’s disease prior to its initial description, its 
origins at The Mount Sinai Hospital and the medi-
cal revolution that has occurred subsequent to the 
landmark 1932 article.  

    Crohn’s Disease Pre-1932 

 Reports consistent with Crohn’s disease abound 
in past literature, although defi nitive diagnosis in 
these prior case reports is conjectural at best. 
The clinical and anatomic descriptions of Crohn’s 
disease were often confused with complicated 
appendicitis, intussusception, intestinal tumor, or 
infection (e.g., tuberculosis). Prior medical histo-
rians have reviewed old literature to fi nd numer-
ous cases suspected of Crohn’s disease including 
the King of France, Louis the XIII (1601–1643) 
[ 5 ,  6 ]. Louis the XIII’s medical record unveils a 
history of multiple chronic gastrointestinal com-
plaints including perianal abscesses, bowel 
obstructions, and chronic diarrhea [ 7 ]. Autopsy 
showed ulcerations of the small and large bowel 
with fi stulas [ 6 ]. The famous Italian pathologist 
G.B. Morgagni (1682–1771), in his 80th year, 
published the “De Sedibus et Causis Morborum 
per Anatomen Indagatis,” a collection of cases 
and autopsies which also describes likely instances 
of infl ammatory bowel disease [ 8 ]. One of the 
fi rst well-described cases of Crohn’s disease is 
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attributed to Combe and Saunders in 1806 in 
which they published an account of stricture and 
thickening of the terminal ileum [ 9 ]. Additional 
reports in the early 1800s are found within a series 
of case reports published by Abercrombie in 1828 
entitled “Pathological and Practical Researches on 
Diseases of the Stomach, the Intestinal Canal, the 
Liver and other Viscera of the Abdomen” [ 10 ]. 
Abercrombie described cases suggestive of ileitis 
with associated bowel obstruction including that 
of a 63-year-old who died of a bowel obstruction 
with “great thickening and induration of the ileum” 
and a 20-year- old with “extensive infl ammation of 
the ileum; the infl amed parts were extensively 
glued together, and pressed down into the cavity of 
the pelvis” [ 10 ]. Lack of routine pathologic evalu-
ation and rudimentary techniques available to 
study specimens limited the ability to differentiate 
cases of Crohn’s disease from other entities. At 
that time, many patients were diagnosed on the 
basis of gross anatomic fi ndings rather than strict 
histologic or culture based evidence. 

 In the late 1800s and early 1900s, increased 
rigor in the examination of anatomic and micro-
scopic pathology of surgical specimens led to 
identifi cation and study of non-malignant infl am-
matory abdominal masses of the ileocecal region 
[ 11 – 23 ]. Many of the great names of surgery such 
as Billroth, Bassini, and Hartmann have been ref-
erenced describing cases of chronic fi brotic or 
ulcerative ileocecal disease which were often 
believed to be due to tuberculosis [ 19 ,  24 ,  25 ]. 
A notable report in 1900 came from Lartigau, a 
pathologist from Columbia College of Physicians 
and Surgeons, in which he presented an abstract 
before the New York Pathological Society describ-
ing an ileocecal lesion of “such a character that the 
infl ammatory hyperplasia or ‘pseudo-neoplasm’ 
may easily be mistaken clinically for tumor-for-
mation of the locality resembling carcinoma” 
[ 16 ]. In his review, he commented upon many 
case reports in the literature which he believed to 
be tuberculous lesions of the ileum and cecum, 
which may instead have represented Crohn’s dis-
ease in a number of instances. Dieluafoy’s text-
book of medicine published in 1911 extensively 
reviewed surgical cases of stenosis of the terminal 
ileum and cecum with non-caseating necrosis and 
bowel obstruction believed to be either tubercu-

losis or lymphosarcoma (i.e., lymphoma) [ 24 ]. 
Despite the likelihood of Crohn’s disease present 
in these reports, its differentiation from intestinal 
tuberculosis is not trivial, even now, in the 
endemic population, so defi nitive conclusions 
should be withheld [ 26 ,  27 ]. Notable case reports 
and series were published by Moynihan [ 12 ] and 
Braun [ 15 ]. Glasgow surgeon T. Kennedy Dalziel 
in 1913 published a series of cases with similarity 
to tuberculosis pathology of intestinal specimens; 
however, he was unable to prove bacterial patho-
genesis [ 18 ]. In 1923, A.O. Wilensky and Eli 
Moschowitz from the Mount Sinai Hospital in 
New York published a review of four cases of 
chronic and nonspecifi c granuloma of the intes-
tine which had been assumed to be tuberculosis 
or neoplastic but these were histologically ruled 
out [ 20 ]. Further reports soon followed recogniz-
ing cases of nonspecifi c intestinal granuloma 
[ 21 ]. Certainly many additional examples of 
patients likely affl icted with Crohn’s disease 
exist beyond what was published or widely 
known pre-1932, as the true disease prevalence 
was not affected by our defi ning it. These were 
the important events leading up to the identifi ca-
tion of Crohn’s disease as a separate clinical 
entity in the 1932 CGO paper.  

    The Story Behind CGO 
Collaboration 

 Crohn, Ginzburg, and Oppenheimer all gradu-
ated from Columbia University’s College of 
Physicians and Surgeons and subsequently suc-
ceeded in becoming house staff at the Mount 
Sinai Hospital. Their careers were certainly lifted 
by their publications on Crohn’s disease. Crohn 
became a private practice gastroenterologist. 
Ginzburg continued at The Mount Sinai Hospital 
and later became Chief of Surgery at the Beth 
Israel Hospital in New York. Oppenheimer spe-
cialized in Urology and served as Chief of 
Urology at Mount Sinai. 

 Despite the appearance of shared collabora-
tion in the authorship on the title page of the CGO 
paper, controversy exists over the signifi cance of 
each of the individual’s contribution to the publi-
cation. The signifi cance of the paper itself is all 
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that is truly important to medical progress; how-
ever, there exists a degree of drama that underlies 
the work and is of historical interest. The Mount 
Sinai Hospital Levy Library Archives holds cop-
ies of many correspondence, letters and speeches 
given by Crohn and Ginzburg regarding the ori-
gins of Crohn’s disease at Mount Sinai. Within 
these letters and autobiographical articles, the 
original authors refl ected on their lives some 50 
years later to tell of the controversy beneath their 
discovery. Amongst these, Ginzburg and Crohn 
report a disparate sequence of events. 

 According to Ginzburg’s account, the story 
begins with his interest in infl ammatory granulo-
matous diseases in 1925 when he was on the sur-
gical service of Dr. A.A. Berg (attending surgeon) 
and continued thereafter when he was an attend-
ing in his private practice [ 28 ,  29 ]. Dr. Berg had 
an extremely busy clinical practice and had oper-
ated on many cases of infl ammatory masses of the 
intestines dating back to 1920. Ginzburg recruited 
Oppenheimer who was working in surgical 
pathology as an assistant, at that time, to help him 
begin his research. They collaborated to retro-
spectively review all the cases that involved surgi-
cal excision for an infl ammatory mass of the large 
or small intestine. Using pathological analysis, 
they attempted to classify these cases, which 
amounted to 52 in total. Twelve of these patients 
disease had disease limited to the terminal ileum 
and did not fi t any well-described pathological 
process. Dr. Ginzburg recalls that he and Dr. 
Oppenheimer referred to this group as “segmen-
tal, hypertrophic ulcerative stenosis of the termi-
nal ileum.” They attempted to study these cases 
more intensively, and owing to their limitations 
with more advanced pathologic evaluation, sought 
assistance from the Department of Pathology. It 
was this group of patients that, in collaboration 
with gastroenterology colleague Burrill B. Crohn, 
ultimately culminated in the Crohn, Ginzburg, 
Oppenheimer 1932 publication entitled “Regional 
ileitis: a pathologic and clinical entity” which 
included 14 cases (two added by Dr. Crohn). The 
larger group of 52 patients, put together by 
Ginzburg and Oppenheimer alone was published 
soon after in the Annals of Surgery 1933 [ 29 ]. 

 The story of their collaboration is where the 
controversy begins. As recounted by Dr. Ginzburg, 

this began when Crohn approached Ginzburg 
 during lunch, about two cases of Dr. Berg’s he was 
involved with, who had infl ammatory tumor of the 
terminal ileum [ 30 ]. Dr. Crohn inquired in the 
pathology lab and was referred to speak to 
Ginzburg who was actively researching the topic. 
Dr. Berg requested that Dr. Crohn be given a copy 
of the draft publication. Unbeknownst to Ginzburg, 
Crohn reviewed the research and presented it at 
the A.M.A. meeting in New Orleans in 1932. 
Crohn further prepared the document originally 
written by Ginzburg and Oppenheimer, added to it 
and submitted it for publication without further 
discussion with them. Ginzburg, notably, had dis-
dain for Crohn. He believed that Crohn intention-
ally omitted their names from the program of the 
1932 meeting to claim the science as his own 
(see Fig.  1.1 ). Ginzburg emphatically reported that 
Dr. Crohn played “no role  whatsoever  in the 
development of either the concept, the research, 
the interpretation or the writing of the original 
draft of ‘regional enteritis’” [ 30 ]. A committee 
was created within Mount Sinai to review possi-
ble academic misconduct of Crohn, chaired by 
Dr. Berg after the presentation in New Orleans. No 
minutes or records were kept and per Ginzburg’s 
account, the matter was swept aside with the 
promise of shared authorship on the fi nal paper.  

 Crohn’s recollection of the history of the col-
laboration was quite different. In 1983, Kovalecik 
recounted Crohn’ version of event as described 
by Crohn in Gastroenterology in 1967 [ 31 ].

  …we were enabled to see and to examine for the 
fi rst time a specimen of typical granulomatous ter-
minal ileitis. Within two years Dr. Berg and I were 
able to gather 13 more cases of identical nature 
which constituted the basis for the fi rst publication. 
Dr. Berg, with unnecessary modesty, declined or 
preferred not to act as co-author, but suggested that 
the two younger men, Ginzburg and Oppenheimer, 
who were then engaged in the study of intestinal 
granulomas, act as co-authors. [ 32 ] 

   Ginzburg regarded this description of events 
as “sheer fantasy” [ 30 ] and further outlined his 
view of events in a letter to the editor of 
Gastroenterology dated September 20, 1985 [ 33 ]. 
Much of Ginzburg’s consternation of the events 
likely has to do with the recognition Crohn 
received in the years following the initial report 
   (Fig.  1.2 ).  
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  Fig. 1.1    Photocopy of the 1932 meeting program as reproduced by Ginzburg (provided by The Levy Library, Mount 
Sinai Hospital)       

  Fig. 1.2    Ginzburg ( left ) 
and Crohn at the 50th 
Anniversary IBD 
symposium at Mount Sinai 
in New York, May, 1982. 
(Courtesy of Arthur 
H. Aufuses Jr. M.D.)       
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 Following publication of the landmark 1932 
article, the eponym “Crohn” appeared in the litera-
ture almost immediately. Crohn was the fi rst author 
on the publication purely as a function of alpha-
betical order. It is interesting to speculate that had 
A.A. Berg not declined to have his name included 
on the paper, we would today be discussing “Berg’s 
disease.” This, in addition to Crohn’s advocacy 
and charisma, likely led to his name becoming the 
identifi er of the disease. The fi rst article known to 
use Crohn’s name as a synonym for the disease 
was published in 1933 by Harris et al. entitled 
“Chronic cicatrizing enteritis: Regional ileitis 
(Crohn)” and later in 1937 it appeared as the dis-
ease name in the British Encyclopedia of Medical 
Practice [ 34 ,  35 ]. The authors of both of those 
articles were known personally to Crohn, and any 
personal involvement, on Crohn’s part, promoting 
the use of his name is purely speculative [ 33 ]. One 
exception to the universal acceptance of “Crohn’s 
disease” exists in Poland where the disease is 
referred to as Lésniowski-Crohn’s disease to com-
memorate the Polish surgeon Lésniowski who 
published case reports of likely Crohn’s disease 
cases in 1903 [ 36 ]. Despite the appellation of the 
disease with his own name, Crohn maintained that 
it was not specifi c enough a designation and pre-
ferred the name “Regional ileitis”; however, as 
the spectrum of the disease widened, a title more 
suitable to the syndrome was necessary and the 
eponym became widely used.  

    CGO and Beyond 

 To understand the historical evolution of the dis-
ease, a review of its initial defi nition is critical. In 
1932, Crohn, Ginzburg, and Oppenheimer identi-
fi ed 14 cases of infl ammatory disease of the ter-
minal ileum which they believed to be a newly 
defi ned entity called “regional ileitis.” The key 
diagnostic fi ndings outlined by the authors 
included “1) a mass in the right iliac region, 2) 
evidence of fi stula formation, 3) emaciation and 
anemia, 4) the scar of previous appendectomy, 
and 5) evidence of intestinal obstruction” [ 1 ]. The 
mass in the right iliac region was infl amed, thick-
ened ileum. Fistula was near universal fi nding 

and was noted to form readily to adjacent bowel, 
often sigmoid, or ascending colon. In at least half 
of the cases, the appendix had been removed at a 
prior operation indicating likely previous diag-
nostic confusion, but not defi nitively ruled out as 
a potential causative factor in pathogenesis. 
Lastly, the ultimate presentation was that of intes-
tinal obstruction noted to be occasionally “visible 
through the emaciated abdominal wall.” In his 
comments, Crohn noted the great lengths to 
which Dr. Paul Klemperer, the pathologist, had 
gone to painstakingly exhaust alternative diagno-
ses such as tuberculosis, symphilis, actinomycosis, 
Hodgkin’s disease, and lymphosarcoma. 

 An important contribution to the defi nition of 
the disease was published in JAMA by Kantor in 
1934, which created a more formal roentgeno-
graphic description of disease [ 37 ]. Dr. Kantor 
endowed the term “string sign” to the stricture 
often seen roentgenographically in the terminal 
ileum of advanced cases. Additional “chief 
changes” as described by Kantor included (1) 
fi lling defect just proximal to the cecum, (2) 
abnormality in contour of the last fi lled loop of 
ileum, and (3) dilation of ileum proximal to the 
lesion (Fig.  1.3 ).  

 Throughout the remainder of the 1930s into 
the early 1940s, numerous case reports and small 
case series began to emerge, confi rming and 
expanding upon the fi ndings of Crohn et al. 
[ 37 – 49 ]. The early experience was clouded by 
uncertainty as to the correct operation and high 
mortality associated with the stage of presentation 
(see Fig.  1.4 ). In 1935, Mixter published 11 oper-
ative cases from the Beth Israel Hospital in Boston 
[ 41 ]. Six patients were treated with a single stage 
ileocecal resection, while fi ve required staged 
resection all of which were complicated by fi stula 
or abscesses postoperatively. In 1937, Pemberton 
et al. published the Mayo Clinic series of 39 cases 
(36 operative) with 47 major surgical procedures 
and an associated mortality rate of 4.2 % [ 39 ]. 
Amongst these early reports, operations com-
monly performed included bypass procedures 
(ileo-ileostomy, ileocolostomy, ileosigmoidos-
tomy), resection and ileo-colonic anastomosis, or 
drainage alone without resection (Fig.  1.4 ). These 
early series included patients with proximal small 
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bowel lesions in addition to the terminal ileum, 
beginning the expansion of the clinical defi nition 
[ 50 ]. With additional cases being brought to the 
literature, the clinical spectrum and epidemiology 
became elucidated. These early case reports were 
encouraging for the success of surgical manage-
ment as gross recurrence was rarely encountered 
in the early experience and surgery was believed 
to be curative.  

 Despite the initial description that the pathol-
ogy was limited to the distal ileum, early series of 
Crohn’s disease soon revealed more widespread 
gastrointestinal tract disease [ 51 ]. Dr. Ralph Colp 
at The Mount Sinai Hospital is credited with the 
fi rst description implicating Crohn’s colitis as an 
associated entity in 1934 [ 43 ]. Two years later 
Crohn reported being “loath to accept the fact 
that ileitis of any type could involve the colon 
in an analogous infl ammatory process” however 
did ultimately accept this association later in 
his career [ 44 ]. In a 1954 publication, Crohn 
described the fi nding of both ileitis and colitis as 

a “bewildering combination of two disease pro-
cesses” [ 52 ]. Associated colonic infl ammation 
was believed to be either an innocent bystander 
from disease “spread,” or a separate synchronous 
illness such as ulcerative colitis [ 53 – 55 ]. It was 
not until the late 1950s and early 1960s that there 
was acceptance of Crohn’s (granulomatous) 
 colitis as a distinct entity [ 55 – 57 ]. In 1952, 
Wells was the fi rst to defi nitively use the descrip-
tion “Crohn’s disease of the colon” [ 55 ]. 
Differentiation between alternative forms of coli-
tis was challenging. In 1960, Lockhart-Mummery 
described 25 cases of regional enteritis of the 
large intestine with criteria to differentiate it from 
ulcerative colitis [ 57 ]. By the 1970s, Crohn’s 
colitis was a well-established entity [ 58 ,  59 ]. 
Descriptions of involvement of other portions of 
the intestinal tract followed in parallel, including 
that of perianal disease, and gastroduodenal dis-
ease [ 60 ,  61 ]. Bissell, in 1934, reported an asso-
ciation between regional ileitis and perianal 
disease [ 62 ]. Penner and Crohn in 1938 expanded 
upon this signifi cantly with a series of patients 
with regional ileitis who also had perianal and 
rectovaginal fi stula [ 45 ]. While no etiology was 
suggested, they astutely recognized that in a 
series of 56 patients, 14 % were diagnosed with 
fi stula in ano. This was a rate which far exceeded 
any known association with routine diarrheal ill-
nesses. In 1950, Comfort et al. reported the fi rst 
accounts of gastroduodenal granulomatous 
infl ammation and its relationship with regional 
ileitis [ 60 ]. In the early 1950s, extraintestinal 
manifestations of the disease were noted, specifi -
cally the association with arthritis which was 
later expanded upon in larger retrospective 
reviews in the 1970s [ 63 – 68 ]. 

 Likely impeding a wider recognition of the 
disease process earlier was the inability to pre-
cisely defi ne the pathophysiology or epidemiol-
ogy. Leading opinions of the 1930s were a yet 
undetermined microbiologic pathogen (bacterial, 
toxin-mediated, viral, protozoa), fecal stagnation 
due to the ileocecal valve, foreign body reaction, 
lymphangitis, vascular insult, or hereditary [ 49 , 
 51 ]. Early case series speculated that there was a 
link to Jewish ancestry as hospitals with large 

  Fig. 1.3    Roentgenographic fi ndings of regional (termi-
nal) ileitis as shown by Kantor, 1934 JAMA [ 37 ]. 
Although not recognized at the time, note the obvious dis-
ease in the distal transverse colon       
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Author, 

Year

Ins�tu�on Number of 

Opera�ve 

Cases

Opera�ons Performed

(number performed)

Overall 

Mortality

Mixter 

1935[41]

Beth Israel, Boston, MA 11 Single Stage Ileocecal 

Resec�on (6), Mul�-Stage 

resec�on (5)

36%

Ravdin 

1937[38]

Hospital of the University 

of Pennsylvania, 

Philadephia, PA

4 Ileocolostomy (2), Single 

Stage Ileocecal Resec�on (2)

0%

Pemberton 

1937[39]

Mayo Clinic, Rochester, 

Minn.

36 Ileocolostomy w/ delayed 

resec�on (10), Single Stage 

Ileocecal Resec�on (5), Small 

Bowel Resec�on (2), 

Ileoileostomy (1), 

Ileocolostomy (5), Other (3)

4% 

(in-hospital), 

16% at 8 

months

Ginzburg 

1942[48]

Mt. Sinai Hospital, New 

York, NY

77 Ileocolostomy (54), Ileocecal 

resec�on (23)

5% 

(all from 

ileocecal 

resec�on)

Holloway 

1 943[49]

Cleveland Clinic, 

Cleveland, OH

1 3 Explora�on alone +/-

Appendectomy (6), Mul� -

Stage resec�on (1 ), Single 

Stage Ileocecal Resec�on (6)

0%

Marshall 

1 940 [46]

Lahey Clinic, Boston, MA 29 Single Stage Ileocecal 

Resec�on (5), Diversion 

followed by resec�on (4), 

Ileocolostomy (4), Mikulicz-

type mul�-stage resec�on 13

7%

  Fig. 1.4    Results of early case series of regional ileitis       
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Jewish populations were amongst the fi rst to 
report cases. Genetic associations were fi rst sug-
gested by noting familial clustering as early as 
the 1930s [ 69 ,  70 ] and were confi rmed decades 
later by identifying common polymorphisms 
(i.e., NOD2, ATG16L1) that affect host–microbe 
interactions in the intestinal tract and autophagy, 
respectively [ 71 – 73 ]. Many more genetic associ-
ations have been since described [ 72 ]. 

 The early surgical treatment of Crohn’s dis-
ease was surrounded by controversy given the 
diffi culty in diagnosis and the unknown progno-
sis. Initial case series reported that patients fre-
quently underwent appendectomy when in 
retrospect the clinical picture and gross operative 
fi ndings were more consistent with acute ileitis. 
With improved recognition of the disease, con-
troversy existed as to the best operative strategy. 
Resection was mandated by some groups, while 
others advocated for surgical bypass of the 
affected bowel [ 46 – 49 ,  74 ]. In groups advocating 
resection, further debate existed as to the merits 
of a single or multi-stage operations which 
included a fi rst stage bypass followed by delayed 
resection of abnormal bowel [ 74 ]. At the Mount 
Sinai Hospital, Dr. Berg initially advocated for 
right colectomy as performed for cancer but later 
changed his preference to bypass owing to lower 
surgical mortality rates [ 48 ]. The bypass proce-
dure was adopted as the procedure of choice at 
The Mount Sinai Hospital and was initially 
planned as a part of a staged operation and not 
defi nitive therapy [ 48 ]. However, clinical 
improvement following bypass alone resulted in 
its being adopted as sole surgical therapy. 
Principles touted by Ginzburg, in a 1942 review 
of cases at The Mount Sinai Hospital, included 
the need to evaluate the entire small bowel for 
skip lesions and that ileotransverse colostomy 
with exclusion should be the defi nitive surgical 
procedure, as he found a 0 % mortality rate when 
this procedure was performed [ 48 ]. Diffuse 
involvement of the small bowel was widely con-
sidered to be a contraindication to surgery 
because of the signifi cant risk of short bowel syn-
drome [ 52 ]. Improvement in surgical mortality in 
successive decades likely had more to do with 
improvements in anesthesia and perioperative 
care rather than choice of procedure. 

 One particularly historic case of Crohn’s dis-
ease involved the 34th President of the United 
States, Dwight David Eisenhower. His illness and 
treatment were subsequently reported in detail by 
Lt. Gen. Leonard Heaton et al. [ 75 ]. In 1956, at 
65 years of age, President Eisenhower pre-
sented with vague lower abdominal discomfort. 
Symptoms progressed to include obstipation, 
abdominal distention, and bilious emesis. After 
initial fl uid resuscitation, he was brought to Walter 
Reed Army Hospital. He had a history of prior 
appendectomy and was known to have suffered 
from bouts of recurrent abdominal pain (Fig.  1.5 ).  

 On June 9th, he underwent laparotomy via a 
right paramedian incision. Gross description of 
the fi ndings depicted a long strictured segment of 
terminal ileum with “claw-like” projections of 
mesenteric fat towards the antimesenteric border 
and no identifi able skip lesions. Ileotransverse 
colostomy was performed. His post-operative 
course was notable for passage of fl atus on 
POD#5 and full resumption of administrative 
duties. He was ultimately discharged on post- 
operative day 21. There was signifi cant criticism 
of the choice of operation at the time, since it did 

  Fig. 1.5    President Dwight D. Eisenhower’s Abdominal 
Roentgenogram performed on June 9th, 1956 [ 75 ]       
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not involve resection. The surgeons concluded 
that a bypass was the most expeditious conserva-
tive operation given the President’s preoperative 
state and his recent myocardial infarction. 

 During the 1950s, increasing experience lead 
clinicians to recognize that despite surgery, the 
disease process resulted in high recurrence rates 
[ 76 ,  77 ]. Large retrospective series from the 
major teaching institutions in the 1950s became 
available, and further scrutiny of the optimal 
operative strategy developed [ 78 – 80 ]. These 
series allowed direct comparisons of patients 
who underwent the two predominating opera-
tions of the time: resection versus bypass. 
Endpoints such as disease persistence and clini-
cal recurrence were compared directly and were 
shown to favor resection with primary anastomo-
sis [ 76 ,  81 – 83 ] (Fig.  1.6 ). Soon, additional con-
cerns about the bypass procedure developed. 
Greenstein et al. from The Mount Sinai Hospital 
in the 1970s, published reports of carcinoma in 
the excluded bowel segment [ 84 ,  85 ].  

 With high rates of surgical recurrence preva-
lent, even when all macroscopic disease was 
resected, there was signifi cant controversy over 
the necessity of disease free margins. The effect 
of residual microscopic disease at the resection 

margins was evaluated for both recurrence risk 
and its potential for post-operative complication 
(e.g., anastomotic dehiscence). Retrospective 
reviews showed positive microscopic margins in 
up to 50 % of resections; however, no statistically 
signifi cant effect was found on the rate of anasto-
motic complications [ 86 ]. Early retrospective 
reviews suggested that the risk of recurrence was 
unaffected by presence of microscopic disease at 
the surgical margin [ 87 ]. A randomized trial by 
Fazio et al., at the Cleveland Clinic, in 1996 con-
cluded that recurrence rates did not differ when 
extended resection was performed even when 
microscopic disease was present at the margin 
[ 88 ]. This provided further support to the practice 
of limiting extent of bowel resection in order to 
preserve as much intestinal length and absorptive 
surface as possible. 

 The presence of proximal small bowel lesions 
was considerably troublesome, and was widely 
considered a contraindication to surgery, as reit-
erated by Crohn in the 1950s [ 52 ]. Common 
practice, when small bowel strictures were symp-
tomatic, was either to avoid surgery with support-
ive care alone, perform limited resections or to 
bypass involved proximal segments of bowel. 
Surgical conservatism led to the principles of 
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management still held today which involve 
 treating specifi c complications (i.e., refractory 
obstruction, perforation) of the disease, and con-
serving as much bowel as possible. Stricturoplasty 
as a technique to relieve stricture was reportedly 
fi rst employed in 1961 by Bryan Brooke and has 
subsequently been shown to be a useful adjunct 
to surgical management [ 89 ,  90 ]. The fi rst case of 
Crohn’s disease treated with stricturoplasty was 
published by Lee and Papaioannou in 1982 [ 91 ]. 
They noted that many others were already 
describing this technique at meetings, but were 
reticent to publish their results due to fears that 
this technique would not provide long-term ben-
efi t, and would result in high morbidity due to the 
risks of leak and fi stula. Their data, however, 
confi rmed its safety. 

 The reduction of surgical morbidity has con-
tinued with the advent and dissemination of 
 minimally invasive techniques. Contained perfo-
ration resulting in abscess formation is now read-
ily managed with image-guided drainage. More 
recent advances in surgery have brought about 
the era of laparoscopic surgery for Crohn’s dis-
ease. Laparoscopic ileocecal resection is now a 
well-validated option without any signifi cant dis-
ease specifi c outcome disadvantages [ 92 – 97 ]. 

 Major advances in the medical treatment of 
Crohn’s disease have paralleled improved under-
standing of its pathophysiology. The initial treat-
ment was believed to be surgical with therapeutic 
nihilism being the standard of care between 
relapses and supportive care for chronic symp-
toms. High rates of recurrence, need for reopera-
tion, and medical consequences of wide resection 
(i.e., B12 defi ciency, bile salt defi ciency, chronic 
malnutrition, anemia) were frequently reported 
[ 76 ,  77 ,  81 ,  98 – 100 ]. Furthermore, because of 
the morbidity associated with extensive small 
bowel resections, patients with “jejunoileitis” 
were largely considered non-operative cases [ 50 ]. 
In the 1950s and 1960s, groups reported the fi rst 
cases of remission with use of ACTH and cortico-
steroids [ 101 – 105 ]. The side effects of chronic 
steroid use, however, provided the impetus for 
study of non-steroid agents to induce and maintain 
remission, and also led to the development of ste-
roid medication with low systemic absorption 

such as budesonide, which was evaluated with a 
double-blind randomized trial in the early 1990s 
[ 106 ]. Immunomodulatory agents including meth-
otrexate, cyclosporine, azathioprine, and 6-mer-
captopurine were tested throughout the 1980s and 
1990s [ 107 – 111 ]. With design and scaled produc-
tion of monoclonal antibodies, development of 
anti-TNF-α antibodies has had signifi cant success 
at inducing remission in steroid resistant patients 
with severe active disease [ 112 – 114 ]. 

 Despite over 80 years of familiarity with the 
many facets of Crohn’s disease, medical and sur-
gical decision making remains challenging. Our 
current ability to provide a precise treatment to 
those affl icted with this disease mirrors our abil-
ity to defi ne the precise mechanisms of disease.     
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            Introduction 

 The precise etiology of Crohn’s disease (CD) is 
not yet known. However, research in the fi elds of 
immunology, microbiology, and genetics sug-
gests an interplay between host and environmen-
tal factors. Environmental factors may be external 
agents that a patient has been exposed to such as 
NSAIDs or cigarette smoking or present within 
the host, such as the microbes and pathogens that 
comprise the microbiome. Host factors relate to 
the individual’s immunologic response to these 
external factors, which increasingly appear to be 
genetically defi ned or programmed early in life. 
This interplay between host physiology and 
external agents ultimately leads to an alteration in 
the host’s infl ammatory homeostasis and mainte-
nance of the gut mucosal integrity (Fig.  2.1 ) 
resulting in unchecked infl ammation, enteric 
bacterial invasion, and worsening tissue destruc-
tion. Additionally, the variation in the multitude 
of factors that interact within the individual 
patient presumably results in the dozens of differ-
ent phenotypes of CD (stricturing, fi stulizing, 
infl ammatory, ileal, colonic, etc.).   

    Although over 40 microbes including bacteria, 
viruses, and yeasts, and over 100 genes have been 
implicated in the pathophysiology of the disease, 
no one factor alone causes CD [ 1 ,  2 ]. Thus, the 
current working hypothesis is that this is a disease 
caused by a widely variable set of environmental 
insults presented to a genetically predisposed and 
uniquely immune compromised host [ 3 – 5 ].  

    The Immune System in Crohn’s 
Disease 

 The development of a healthy immune system 
requires exposure to a variety of pathogens, par-
ticularly early in life. The lack of such environ-
mental exposure has been suggested to play a 
role in the development of CD. This concept, 
known as the “hygiene hypothesis,” suggests that 
lack of such exposure causes an impairment in 
tolerance to both self and foreign pathogens and 
a subsequent exaggerated immune response 
when the individual is exposed to pathogens later 
in life [ 6 ]. Supporting this hypothesis is the 
inability to induce IBD-like colitis in genetically 
predisposed mice as long as these mice are kept 
in germ free environments. When removed from 
the germ free environment, these mice rapidly 
develop severe colitis [ 7 ]. 

 Additionally, patients with CD tend to cluster 
geographically with higher incidences found in 
urban areas where more sanitary conditions and 
decreased exposure to pathogens is the norm. 
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Exposure to helminthes, which are less com-
monly found in western countries, is a newer 
studied topic in the pathogenesis and potential 
treatment of CD. Interestingly, the administration 
of helminthes such as Trichuris suis, a porcine 
whipworm has been shown to improve the symp-
toms of CD in early trials [ 33 ]. However, the 
hygiene hypothesis does not entirely account for 
the development of CD as migration from a low 
risk geographic area (with a high amount of 
childhood exposure to a variety of pathogens) to 
a higher risk area increases one’s risk of develop-
ing CD to that of the new, local population within 
the same generation [ 34 – 36 ]. 

 The most studied and implicated areas of 
immunology in CD are innate immunity includ-
ing epithelial barrier function, bacterial recogni-
tion, and autophagy and adaptive immunity, 
mainly focusing on the T cell response.  

    The History of CD Genetic Research 

 Early CD genetic research was based on the 
observation of multiple affected family members 
which led to the theory that the disease was due 
to a pathogen that was passed between family 
members. One such pathogen, Mycobacterium 
avium subspecies paratuberculosis (MAP) which 
has been implicated in Johne’s disease, a CD-like 
disease in hoofed livestock was the focus of 
many early studies [ 37 ]. However, this theory 
and MAP have now been disproven as causes of 

CD. Research now focuses on genetic alterations 
that may be causative of the disease and/or mod-
ify its course. Much of this research is the result 
of several landmark IBD-twin studies originating 
from Scandinavia’s carefully maintained national 
twin registries. These and other familial studies 
have demonstrated that:
    1.    No single gene is causative   
   2.    Inheritance is not simple, Mendelian 

inheritance   
   3.    The presence of a family member with IBD is 

the number one risk factor for developing the 
disease [ 38 ].    
  In fact, up to 35 % of IBD patients have an 

affected family member [ 38 ]. The risk to an indi-
vidual increases to 50 % if his or her monozy-
gotic twin has CD. If a non-twin sibling is 
affected, the risk is still elevated above the nor-
mal population risk but is much less than the 
identical twin rate [ 39 ]. Additionally, “IBD fami-
lies” are generally concordant for CD location, 
behavior, and age of onset [ 40 – 43 ]. 

 Using available technology at the time, early 
CD genetic research was slow moving and tedious. 
Methods included genetic investigation of sibling 
pairs, searching for high rates of shared alleles 
[ 44 ], linkage studies, and candidate gene studies 
investigating the few known IBD associated loci 
at that time. These techniques led to the discovery 
of the fi rst IBD-associated genes including nucle-
otide-binding oligomerization domain protein 2/
caspase recruitment  domain-containing peptide 
15 (NOD2/CARD15) [ 45 ]. 

  Fig. 2.1    The etiology of Crohn’s disease. The current 
hypothesis on the etiology of Crohn’s disease suggests an 
interplay between patient and environmental factors. 
Patient factors involve epidemiological and demographic 

variables, immune status, and intestinal epithelial barrier 
function. Environmental factors are enteric and external. 
These factors include drugs, enteric pathogens (bacteria, 
viruses, and fungi), and drugs       
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 Since that early work, the subsequent develop-
ment of whole genome sequencing and the com-
pletion of the HapMap project has led to several 
genome wide association studies (GWAS) study-
ing thousands of genes in thousands of diseased 
and control patients that defi ned the most com-
mon allelic variations in these genes associated 
with IBD. This led to a rapid advance in the fi eld 
of IBD genetics. To date, over 300 single nucleo-
tide polymorphisms (SNPs, single base pair sub-
stitutions in the genetic code, for example a 
guanine is found where the majority of the popu-
lation have a adenine) corresponding to over 100 
genes have been associated with IBD with 
approximately 30 loci being exclusively associ-
ated with CD [ 46 ,  47 ]. Whole exome sequencing, 
covering the 1 % of the genome that actually 
codes for proteins, and whole genome sequenc-
ing, covering the entire genome, will soon 
become affordable for use in translational clinical 
studies and, eventually, for use in a personalized 
medicine approach. This personalized approach 
will use the genetic information obtained from 
sequencing to predict disease behavior including 
response to medication and surgical therapy in 
the individual patient with CD. 

 The majority of the genes associated with CD 
discovered to date have roles in the main catego-
ries of innate immunity including intestinal bar-
rier function and autophagy as well as adaptive 
immunity [ 4 ]. In CD, in response to antigenic 
insult, the innate immune system triggers proin-
fl ammatory cascades and activates the adaptive 
immune system. As a result, infl ammation 
occurs. When this process is dysregulated, cell 
damage with subsequent further infl ammation 
and innate and adaptive immunoactivation occurs 
(Fig.  2.2 ).   

    Innate Immunity 

 As the fi rst line of immune mediated defense, the 
innate immune system rapidly senses and 
responds to the presence of cell injury or the infi l-
tration of microbes using several molecular pro-
cesses including the secretion of IgA, Toll-like 

receptor (TLRs) mediated recognition, and 
autophagy. The key cellular players are epithelial 
Paneth cells, macrophages, and dendritic cells 
[ 48 ] (Fig.  2.3 ). Over 92 SNPs associated with 
IBD have been correlated with regions of the 
genome that actively regulate immune cells and 
the intestinal epithelium in a 2014 functional 
genetics study [ 49 ].  

 The innate immune response is triggered by 
the recognition of a molecular signature from a 
luminal pathogen in the form of a pathogen- 
associated molecular pattern (PAMP) or intracel-
lularly in the form of a damage associated 
molecular pattern (DAMP) resulting from cell 
stress or injury (Fig.  2.4 ). After recognition by 
pattern recognizing receptors (PRRs) located on 
effector cells, a series of infl ammation inducing 
pathways is activated. Conversely, when these 
pathogens are removed, infl ammation resolves. 
This is demonstrated in CD as in when the fecal 
stream is diverted via an upstream stoma, the 
infl ammation and symptoms of downstream CD 
often improve [ 50 ,  51 ]. These receptor mediated 
responses are involved in the sampling of the 
individual’s intestinal microfl ora and, in health, 
prevent dysbiosis or “bacterial imbalance.” 
Dysbiosis and reduced diversity of intestinal 

  Fig. 2.2    In CD, in response to antigenic insult, the innate 
immune system triggers proinfl ammatory cascades and 
activates the adaptive immune system. As a result, infl am-
mation occurs. When this process is dysregulated, cell 
damage with subsequent further infl ammation and innate 
and adaptive immunoactivation occurs       
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  Fig. 2.3    The innate immune system in Crohn’s disease. 
The functions of the innate immune system most recog-
nized as affected in Crohn’s include (1) epithelial barrier 
function, (2) bacterial recognition, and (3) autophagy. The 
mucus layer is key to the integrity and protection of the 
epithelial barrier. Tight junctions protect the intestine 
from an unregulated infl ux of bacteria from the lumen. 
Other mechanisms including the secretion of proinfl am-

matory cytokines, dendritic cell homing, and leukocyte 
traffi cking address bacteria at the surface or that have 
entered the intestine from the lumen. These bacteria are 
then broken down and digested through autophagy or 
travel on antigen presenting cells to activate the adaptive 
immune system. Key genes associated with dysregulation 
in these individual processes are listed under each 
process       
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  Fig. 2.4    Pattern recognition receptors (PRRs). In the 
lumen, PRRs recognize pathogen associated molecular 
pattern (PAMPs) on the surface of bacteria, viruses, and 
fugi. In the intracellular space, PRRs recognize pathogen 
damage associated molecular patterns (DAMPs) derived 

from cell fragments or waste products. Such PAMP and 
DAMP mediated recognition leads to an immune response 
inclusive of IgA and proinfl ammatory cytokine produc-
tion and epithelial proliferation       
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microbiota have been demonstrated in CD 
patients when compared to healthy controls. 
However, CD patients are frequently treated with 
antibiotics and other microbiome altering medi-
cations, complicating interpretation of this phe-
nomenon [ 51 – 57 ].   

    The Epithelium 

 At the interface between the gut tissue and lumi-
nal contents with its multitude of bacteria, the 
epithelial barrier is key in the pathogenesis of 
CD. In the small bowel, four main cell types are 
found, goblet cells, enteroendocrine cells, Paneth 
cells, and enterocytes. After differentiation, gob-
let cells, enteroendocrine cells, and enterocytes 
migrate to the villi and Paneth cells migrate to the 
base of the intestinal crypts. In the colon, Paneth 
cells are not found and, as villi are not present, 
enteroendocrine, goblet cells, and enterocytes 
migrate to the surface of the colon.  

    Toll-Like Receptors 
 TLRs are the subset of PRRs most commonly 
studied in CD. These are located on epithelial 
cell surfaces or within endosomes and span the 
cell membrane. Although several subtypes of 
TLR are involved in the pathogenesis of IBD, 
TLR2 and 4 are the most studied. TLR2 detects 
bacterial proteins. TLR4 detects lipopolysac-
charide (LPS), an outer membrane component 
of gram negative bacteria. Once presented with 
a PAMP or DAMP, TLRs activate infl ammatory 
pathways including the adapter protein myeloid 
differentiation factor 88 (MyD88) dependent 
pathway. The activation of this pathway results 
in the production of several proinfl ammatory 
cytokines. TLR4 can also more directly acti-
vate infl ammatory mediators such as interfer-
ons (IFNs) and tumor necrosis factor alpha 
(TNFα) through a MyD88 independent path-
way. CD patients have signifi cantly higher 
intestinal TLR4 expression than healthy con-
trols which may lead to an increased infl amma-
tory response [ 58 ].  

    NOD2/CARD15 
 NOD2 also known as CARD15, another type of 
PRR, an NLR (nucleotide-binding domain leu-
cine rich repeat (LRR)-containing receptor), is 
highly expressed in Paneth cells and monocytes. 
NOD2 is a regulator of autophagy and recruits 
the autophagy associated protein, ATG16L1 to 
the cell membrane. Discovered in 2001, the 
NOD2 gene was the fi rst discovered IBD gene 
and still has the most commonly and strongest 
replicated association with IBD [ 45 ,  59 ]. 

 Located on chromosome 16, the NOD2/
gene’s protein product, CARD15, is involved 
in the recognition of the bacterial cell wall 
component, muramyl dipeptide (MDP) [ 59 ]. 
MDP recognition activates NOD2 leading to 
the dimerization of its subunits and transloca-
tion into the cell nucleus for the activation of 
the MAPK (mitogen activated protein kinase) 
and NFκB (nuclear factor kappa B) pathways 
[ 60 ]. These pathways play a key role in the 
immune and infl ammatory responses and are 
involved in the regulation of several genes 
involved in the production of proinfl ammatory 
cytokines such as interleukins (IL) 1β, IL6, 
IL8, IL12, and TNF-α. 

 Three NOD2 SNPs, R702W, G908R and 
1007fs located within or near the MDP sensing 
area of the gene (the LRR sequence) have been 
most frequently associated with IBD. Up to half 
of all European and North American CD patients 
tested for these mutations had at least one muta-
tion, compared with 10–15 % of the healthy pop-
ulation [ 61 ]. Downstream effects of these 
mutations include impaired activation of NFκB 
with subsequent decreased production of infl am-
matory cytokines [ 62 ].  

    Neutrophils and Macrophages 
 Macrophages secrete proinfl ammatory cytokines 
which activate natural killer (NK) cells. INFγ 
secretion by NK cells in turn activates  dendritic 
cells. Dendritic cells then secrete TNFα, recruit-
ing more infl ammatory cells to the area [ 63 ]. In 
the peritoneum the Macrophage stimulating 1 
(MST1) gene has been shown to induce phagocy-
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tosis. SNPs in this gene have been shown to be 
associated with CD in multiple GWAS studies 
[ 64 ,  65 ].  

    MadCAM-1 
 Bacterial recognition also leads to neutrophil 
recruitment for phagocytosis and subsequent 
recruitment of macrophages. In the setting of 
increased cytokine expression such as IL-1, 
TNFα, leukotrienes, and a multitude of chemo-
kines, leukocytes travel through the blood vessels 
and traverse the endothelial surface using media-
tors such as surface integrins which bind to hom-
ing molecules such a mucosal addressin cell 
adhesion molecule-1 (MAdCAM-1) on the endo-
thelium [ 63 ,  66 ]. The integrins that bind to these 
adhesion molecules are the targets of some of the 
newest CD drugs [ 66 ]. MadCAM-1 has been 
shown to be overexpressed in the epithelium of 
the gut during active CD [ 67 ].  

    The Mucus Layer and Goblet Cells 
 Goblet cells store and secrete mucus into the 
intestinal lumen forming a protective physical 
barrier over the intestinal mucosa. Intestinal 
mucus also contains immunoglobulins such as 
IgA and plays a role in the regulation of infl am-
mation and epithelial repair. The main compo-
nent of intestinal mucus is the Muc glycoprotein 
family, particularly MUC2. Murine models with 
mutations in MUC2 develop CD-like colitis [ 1 ]. 
Similarly, polymorphisms that affect the MUC19 
gene, a mucin component, have been associated 
with the development of CD in humans [ 60 ]. 
Anti-infl ammatory prostaglandins such as pros-
taglandin E2 are involved in epithelial mucosal 
repair. Polymorphisms associated with the gene 
encoding its receptor, prostaglandin E receptor 4 
(PTGER4) have been associated with the devel-
opment of CD [ 60 ].  

    Paneth Cells 
 Paneth cells are the main source of antimicrobial 
peptides in the small intestine. These cells increase 
in number distally with the maximum concentra-
tion found in the ileum [ 48 ]. Their main role is the 

secretion of antimicrobial peptides that form a 
chemical barrier aiding in the epithelial defense 
of pathogens. The most abundant antimicrobial 
peptide produced is α defensin, however; other 
antimicrobial peptides including lysozyme a 
phospholipase A2, are also produced. Alpha 
defensins are hydrophobic peptides that form 
pores in bacterial membranes causing bacterial 
lysis and death [ 63 ]. Murine models of colitis 
with dysfunctional Paneth cells have dysfunc-
tional secretion of antimicrobial peptides [ 1 ,  68 ].  

    Cation Transport 
 Epithelial cells contain cation transporters that 
move charged ions in and out of the cell to main-
tain homeostasis. It is not fully understood how 
these cells are involved in the pathogenesis of 
CD. However, mutations within genes encoding 
these proteins have been repeatedly associated 
with CD by GWAS. The organic cation trans-
porter genes (OCT) genes OCTN1 and 2, also 
known as the solute carrier family 22, member 4 
(SLC22A4) and SLC22A5, respectively, are 
located in the IBD5 locus on chromosome 5 [ 69 ]. 
Although associated with CD overall and with 
colonic involvement and anal disease in particular 
in multiple GWAS, the exact mechanism of these 
genes in the disease process is not yet known [ 69 ].  

    Intraepithelial Junctions 
 Tight junctions are connections between adjacent 
epithelial cells. Intact tight junctions maintain 
intestinal homeostasis by controlling permeabil-
ity and are necessary to avoid the passage of 
microbes from the lumen into the underlying 
lamina propria and the systemic circulation. 
Increased space between these junctions [ 60 ] and 
a more permeable intestinal barrier have been 
demonstrated in CD patients before the onset of 
disease and in unaffected family members of CD 
patients, compared to controls [ 70 ,  71 ]. Occludin 
and claudin are transmembrane bridging proteins 
found between epithelial cells that are key 
to tight junction formation and maintenance. 
They interact with scaffolding proteins including 
the Zo family linking them to the actin 
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 cytoskeleton [ 72 ,  73 ]. An absence of Zo-1 in 
experimental colitis models and aberrant claudin 
and occludin have been demonstrated in murine 
models of colitis and in mucosal samples from 
CD patients [ 74 ,  75 ]. Claudin family protein 
expression levels have been demonstrated to cor-
respond to severity of infl ammation in Crohn’s 
colitis [ 76 ]. 

    Miscellaneous Epithelial 
Integrity Genes  
    Intelectin-1 (ITLN1), STAT3 and DLG 
 The protein product of ITLN1 is expressed in 
the brush border of enterocytes and plays an 
important role in membrane stabilization. It is 
also involved in protecting the glycolipid barrier 
from pathogens [ 77 ]. Part of the Janus kinase 
signal transducer and activator of transcription 
(JAK–STAT) signal transmission pathway, 
STAT3 has a paradoxical effect in CD with its 
activation in innate immune cells enhancing 
mucosal barrier function but its activation in T 
cells exacerbating colitis [ 77 ]. STATs are located 
in the cytoplasm and are latent until, in response 
to cytokines and growth factors, such as IL2, 
IL3, IL5 IL7, erythropoietin, GM-CSF, and 
thrombopoietin, they become activated by 
receptor-associated tyrosine kinases from the 
JAK family. They then dimerize, translocate to 
the cell nucleus, and act as transcription activa-
tors [ 78 – 80 ]. The DLG5 (Drosophila Discs 
large) protein, a member of the guanylate kinase 
family, is located at the cell–cell junction and 
SNPs associated with the gene have been associ-
ated with CD [ 81 ].    

    Autophagy 

 Originally believed to be an energy conserving 
mechanism for the recycling of nutrients to the 
cell, an immunological role for autophagy has 
since been discovered [ 82 ]. Autophagy or the 
process of degrading and re-using cellular com-
ponents is now known to also be involved in sup-
pressing infl ammatory responses and to 
participate in T and B cell differentiation. 

However, the mechanism of these T and B cell 
associated phenomena is poorly understood [ 1 ]. 

 The cellular material for degradation is 
engulfed by the autophagosome which then fuses 
with a lysosome for degradation within the cell’s 
cytoplasm. The degraded peptides can then be 
presented to HLA Class II molecules for further 
processing. Intracellular pathogens including 
bacteria such as Mycobacterium and listeria may 
also be degraded directly by autophagy or by the 
infl ammatory pathways activated by the process 
[ 1 ]. In macrophages genetically programmed to 
be unable to perform autophagy, high levels of 
proinfl ammatory cytokines including IL1B and 
IL18 are produced [ 1 ]. IL8 and IFNγ production 
leads to macrophage maturation and the forma-
tion of multinucleate giant cells [ 70 ]. These cells 
together with Th1 cells and bacteria, form granu-
lomas, hallmarks of CD. The granulomas them-
selves then act as APCs and release 
proinfl ammatory cytokines potentiating T cell 
activation and further infl ammation [ 63 ].  

    ATG16L1 
 The ATG16L1 gene is found on chromosome 
2q37. ATG16L1 is expressed by APCs, T cells 
and intestinal epithelial cells and, along with 
NOD2, this gene must be functional in dendritic 
cells for autophagy to occur. Paneth cell 
 abnormalities, increased levels of infl ammatory 
cytokines, and an impaired ability to breakdown 
intracellular bacteria have been demonstrated in 
both CD patients with mutations in ATG16L1 and 
ATG16L1 murine knockdown models [ 1 ,  70 ].  

    IRGM 
 Located on chromosome 5, a chromosome con-
taining several IBD related genes, the IRGM 
(immunity-related GTPase family M protein) 
codes for proteins necessary for the IFNγ medi-
ated clearance of intracellular pathogens. Similar 
to ATG16L1 knockdown mice, IRGM knock-
down mice demonstrate defective autophagy 
with increased survival of pathogens including 
 Mycobacterium tuberculosis, Toxoplasma gon-
dii,  and  Listeria monocytogenes  [ 83 ,  84 ]. A 2013 
meta-analysis of 25 studies inclusive of 20,590 
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IBD cases and 27,670 controls demonstrated 
3 IRGM SNPs to be associated with IBD. 
Stratifi cation by ethnicity revealed that a signifi -
cantly increased CD risk was demonstrated in 
Europeans but not in Asians [ 85 ].  

    Antigen Presenting Cells 

 Antigen presenting cells (APCs) bridge the innate 
and adaptive immune systems and recognize both 
“self” and “outside” peptides. The “boomerangs 
of immunity,” these cells travel to the site of a 
pathogen that has either breached the epithelial 
barrier or that is in the lumen but within easy 
reach through the junction between two epithelial 
cells. APCs bind these antigens and return to 
lymphoid tissue for presentation to T cells in a 
process guided by homing molecules [ 66 ]. 
Dendritic cells are the most prevalent APCs in 
CD. One theory on lack of tolerance to normal 
fl ora and/or hyper responsiveness seen in CD is 
that a faulty or “leaky” epithelial barrier may lead 
to increased DC-antigen contact and an overstim-
ulation of the immune system [ 82 ]. 

 DCs reach bacteria in the lumen by extending 
armlike dendrites through the tight junctions or by 
interacting with M (microfold) cells, which are 
unique, specialized cells located in the small 
intestine that take up antigen directly from the 
lumen via endocytosis and transport it to dendritic 
and T cells in a basolaterally located pocket [ 1 ]. 
DCs have several subsets with some involved in 
tolerance and others in pro- infl ammatory 
responses. One such subset produces the proin-
fl ammatory cytokine IL23 in the intestine (see 
IL23 section). The secretion of IL12 by dendritic 
cells drives the differentiation of naïve T cells to 
the Th1 subset which secretes IL2, a key cytokine 
involved in T cell activation and survival.  

    CCR6 (Chemokine Receptor 6) 
 This gene encodes a homing receptor that is 
expressed by immature dendritic and memory T 
cells. It is key in CD and T cell migration in 
response to epithelial infl ammation and pathogen 
exposure. Mutations in this gene have been asso-
ciated with CD on GWAS [ 77 ].  

    Adaptive Immunity 

 T cells are the main adaptive immunity cells in 
CD. The role of the B cells, other than the secre-
tion of the key immunological defense molecule 
IgA, is less understood in CD [ 86 ]. T cells are 
predominately located in the lamina propria and 
subdivided into two main categories: CD4 (mem-
ory T cells) and CD8 (cytotoxic T cells). CD4 
cells have the predominant role in CD. The main 
role for CD8 cells is the production of IFNγ [ 66 ].  

    T Cell Activation and Differentiation 

 After APCs bind with antigen and travel back 
through the lymphatic vessels to the gut associ-
ated lymphoid tissue (GALT), such as mesenteric 
lymph nodes and the [ 87 ] lymphoid patches 
known as Peyers’ patches, the antigen is pre-
sented to the naïve T cell and T cell activation 
occurs. After activation, under the infl uence of 
cytokines in the cellular milieu (Fig.  2.5 ), naïve T 
cells differentiate into subsets. A bias towards the 
Th1 (T helper one) subset with subsequent IL12, 
IFNγ, and TNF production has been documented 
as the main pattern of differentiation in CD [ 46 , 
 88 ]. Although some T cells differentiate into Th2 
cells (with subsequent production of IL4, 5 and 
13), a far less substantial role for this subset is 
seen in CD. Th2 cell bias is more commonly 
associated with ulcerative colitis. The IL17 
secreting Th17 subset is associated with both UC 
and CD but has a slightly stronger association 
with CD. Several known IBD associated genes 
including IL12B, STAT3, JAK2, TNFSF15, and 
CCR6 are involved in Th17 differentiation.  

 The more newly discovered T regulatory 
(Treg) subset has been found to have a strong role 
in CD pathogenesis. These cells promote toler-
ance to dietary antigens and gut microbiota and 
suppress immune responses [ 89 ].  

    Human Leucocyte Antigen 
 Human leucocyte antigen (HLA) also known as 
major histocompatibility complex (MHC) class I 
and II molecules are coded for by genes on a 
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  Fig. 2.5    T cell differentiation. After T cell activation 
resulting from contact with an antigen on the major histo-
compatibility complex (MHC) on an antigen presenting 
cell (APC), in response to cytokines in the cellular milieu, 

the T cell differentiates into one of four subsets; T helper 
17 (Th17), T regulatory (Treg), Th1 and Th2. These cells 
then secrete characteristic cytokines. Th1, Th17, and 
Tregs are most commonly associated with CD       

locus on chromosome 6 [ 90 ]. The HLA protein 
complex on the APC cell surface binds antigen. 
Expressed in fi broblasts, dendritic cells and 
endothelial cells, Class I HLA gene expression 
increases in response to viral and bacterial expo-
sure. Class II HLA genes, which are more com-
monly studied in IBD, are expressed in 
macrophages, activated T cells, endothelial, den-
dritic, and epithelial cells. IBD studies focus par-
ticularly on HLA- DRB1 due to the role of this 
subgroup in antigen presentation to T cells. 
Although conventionally thought of as UC asso-
ciated, subtypes of HLA genes such as DR7, 
DRB3, and DQ4 have also been associated with 
CD [ 8 ,  91 – 93 ]. Notably this gene has been asso-
ciated with the extra intestinal manifestations of 
IBD [ 91 ]. 

 MHC molecules expressed on the surface of 
intestinal epithelial cells are capable of antigen 

sampling. However, these molecules do not have 
the necessary costimulatory molecules needed 
for activation of the adaptive immune system 
[ 66 ]. Thus, their main role in the epithelium is the 
secretion of cytokines including TGFβ [ 1 ].  

    TNFSF15 
    The tumor necrosis factor superfamily member 
15 (TNFSF15) gene which is also known as the 
vascular endothelial growth inhibitor (VEGI) 
gene and the TNF superfamily ligand A (TL1A) 
gene is found on chromosome 9. The TNFSF15 
gene has both angiostatic and immunological 
functions [ 94 ]. Its protein product, TL1A is pro-
duced by DCs, monocytes, T lymphocytes, and 
endothelial cells and binds to death domain 
receptor 3 (DR3) which is expressed predomi-
nately on T lymphocytes [ 89 ,  95 ]. When stimu-
lated through the NFκB pathway, TNFSF15 is 
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involved in the  differentiation of naïve T cells 
into the main T helper subsets, particularly Th1 
and 17 [ 89 ,  96 ,  97 ]. It also enhances IL2 and 
IFNγ production by T cells in IBD patients with 
marked increases found in CD patients vs con-
trols [ 96 ,  98 ]. Additionally, TL1A is involved in 
apoptosis and the induction of metalloproteinases 
involved in intestinal barrier function [ 99 – 101 ]. 
IBD patients with certain allelic variations in 
TNFSF15 have been shown to have a more 
aggressive course to their disease [ 102 ]. 
Interestingly, this gene has also been associated 
with diverticulitis requiring surgery suggesting a 
more broad based role in intestinal infl ammatory 
disease [ 103 ].  

    Cytokine Signaling 
 Several cytokines play a role in the induction, 
maintenance or interruption of pathways involved 
in CD. Several are mentioned in the above 
sections.  

    IL10 
 Unlike the majority of known CD-related cyto-
kines, IL10 is an anti-infl ammatory cytokine.
Thus mutations affecting the gene or its receptor 
result in increased infl ammation, often leading to 
a severe clinical phenotype. IL10 is perhaps the 
best known cytokine in CD due to the 2009 UK 
pediatric study of a small cohort of patients 
with extremely severe, early onset, medically 
refractory CD with dramatic anal disease who 
were found to have IL10 receptor mutations. 
Subsequently, these patients were successfully 
treated by bone marrow transplantation [ 17 ]. An 
association with severe, very early onset disease 
has since been replicated [ 30 ].  

    IL23 
 Similar to several other IBD associated genes, the 
IL23R gene is also associated with other immune 
mediated diseases such as ankylosing spondylitis 
and rheumatoid arthritis [ 86 ]. IL23 is secreted by 
activated macrophages, monocytes, and dendritic 
cells. As part of the IL23/IL17 axis, its secretion 
leads to Th17 differentiation from the naïve T 

cell and causes macrophages and monocytes to 
release TNFα and IL’s 1 and 6 [ 104 ]. IL23R 
(interleukin23 receptor) is a key connector of the 
innate and adaptive immune systems and func-
tions to promote naïve T cell differentiation into 
the Th17 class. 

 Several cell lines express IL23R including 
NK and memory and effector T cells with par-
ticularly high levels seen in Th17 cells [ 86 ]. 
After production by activated macrophages and 
dendritic cells, IL23 binds to the IL23R, activat-
ing the Janus kinase 2 gene (JAK2). Downstream 
recruitment and dimerization of the two sub-
units of the signal transducer and activator of 
transcription 3 (STAT3) transcription activator 
occurs making STAT3 able to translocate into 
the cell nucleus to promote the transcription of 
proinfl ammatory mediators [ 104 ]. The IL23 
signaling pathway also activates another path-
way which plays an important role in CD4 +  T 
helper cell differentiation, the retinoic acid-
binding orphan receptor-γt (ROR-γt) pathway. 
The production of IL17, IL6 and TNFα cyto-
kines resulting from activation of this pathway 
also leads to infl ammation and differentiation of 
Th17 cells [ 104 ].  

    Using Genetics to Improve 
Patient Care 

 The course of CD is unpredictable. As the dis-
ease evolves, phenotype can change. Additionally, 
disease phenotype varies between patients result-
ing in diffi culty in determining the manner in 
which the disease will progress in severity and in 
anatomic location and if a patient will respond to 
medical and/or surgical treatment. Thus several 
aspects of CD lend themselves to characteriza-
tion using genetic markers. These include (1) 
classifi cation of disease phenotype, (2) determin-
ing prognosis or the natural history of the dis-
ease, (3) predicting response to therapy, and (4) 
genetic counselling. With several CD–gene asso-
ciations established to date, a move towards 
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 utilizing these correlations between genetic 
 variants and clinical phenotype has begun.  

    Classifi cation of Disease Phenotype 

 When all possible combinations of disease loca-
tion, behavior, and extraintestinal manifestations 
are considered, several dozen phenotypes of CD 
are possible. Systems such as the Montreal classi-
fi cation have attempted to provide a general phe-
notypic categorization system. However, such 
classifi cation systems are imperfect due to the 
evolving nature of the disease [ 105 ]. By correlat-
ing the over 160 SNPs associated with CD with 
different aspects of the disease in carefully clini-
cally defi ned patients, it is hoped that a more exact, 
gene-based classifi cation system may be created 
in the near future. Possible clinical implications of 
the development of such a system may include 
curative colectomy in CD patients whose disease 
is known to be defi nitively limited to the colon and 
favoring intestinal sparing stricturoplasties instead 
of resection in patients predicted to have recurrent 
small bowel disease [ 106 ]. Identifying such 
genetic–clinical correlates is diffi cult however, 
and confounded by numerous factors, which need 
to be carefully kept in mind with such studies 
(Tables  2.1  and  2.2 ). Known genotype–phenotype 
associations are shown in Fig.  2.6 .

       Small Bowel Disease 
 In an early 2002 genotype–phenotype study of 
the few CD-associated genes known at that time 
NOD2 was the fi rst gene to be identifi ed with a 
disease phenotype, namely ileal disease [ 9 ]. This 
association has been replicated in several subse-
quent studies [ 8 ,  10 – 12 ]. As a greater number of 
CD-associated genes have been discovered, the 
TNFSF15 gene has also been associated with 
ileal disease and stricturing behavior with levels 
of gene expression correlating with severity of 
infl ammation and fi brostenosis [ 13 ,  14 ,  107 ]. 

 The autophagy gene ATG16L1 and its asso-
ciated SNP rs2241880 have also been linked 

with ileal disease in multiple studies including a 
large Scottish study on familial and sporadic 
IBD [ 22 ]. A separate UK study demonstrated a 
twofold risk of disease involving the ileum in 
patients GG homozygous for the same SNP 
[ 23 ]. Similarly, mutations within the IRGM, the 
neutrophil  cytosolic factor 4 (NCF4), TNFSF1a 
and HLADRB1*07 genes, and the IBD5 locus 
have also been associated with ileal disease [ 8 , 
 11 ,  12 ,  29 ]. NCF4 is involved in phagocytosis 
of pathogens. 

 These SNP associations can be combined 
into “risk haplotypes” as seen in a 2012 study by 
Duraes et al. The authors demonstrated an 
increasing risk for ileal or ileocolic disease as 
the number of risk alleles in the ATG16L1, 
IRGM, and ITLN1 genes present within the 
individual patient increased in a cohort of 511 
CD patients versus 626 controls. A model for the 
correlation of the number of risk alleles present 
with the likelihood of ileal or ileocolonic disease 
was then constructed with an OR of 7.10 for 
ileal disease in those with all risk alleles seen 
[ 24 ]. A Canadian group similarly found 
CARD15 and HLA-DRB1 to be associated with 
ileal disease in their cohort and suggested a sim-
ilar risk model based on number of combined 
“risk SNPs” [ 32 ].     

    Non-small Bowel Disease 
 The STAT5 gene has been associated with small 
bowel sparing CD [ 16 ]. STAT5 has been shown to 
inhibit Th17 cell differentiation [ 108 ] and apop-
tosis and enhance IL4 secretion by mast cells 
[ 109 ]. Several genes associated with colonic CD 
such as HLA DRB1*0103 and OCTN1 and 
OCTN2 are also associated with ulcerative colitis 
highlighting the overlap between the two diseases 
[ 8 ,  11 ,  12 ,  32 ,  110 ,  111 ]. Anal disease is a com-
mon and often distressing disease manifestation 
in CD [ 112 ,  113 ]. SNPs associated with at least 
four genes have been implicated in severe, fi stuliz-
ing anal CD, IL10, TAGAP (an adaptive immunity 
regulating gene) the cation transporter, OCTN1/2 
(also known as SLC22A4) [ 17 ,  18 ,  26 ,  30 ] and 
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  Fig. 2.6    Clinical Correlates of Genetic Suseptibility. 
Several genotype–phenotype associations in CD have been 
determined. Behavioral phenotypes such as fi stulizing and 

stricturing disease have genetic correlates. Disease location 
(small bowel, ileocolic, and colonic) has also been corre-
lated with different genes as demonstrated in the fi gure       

   Table 2.2    Key points in critically evaluating a geno-
type–phenotype study in CD   

 Gene–phenotype associations may be specifi c to a 
certain ethnicity or ethnicities 
 Studies on disease location are often not limited to a 
single anatomic location, i.e., studies on ileal disease 
often include ileocolic disease as well 
 Due to the variability in disease course, genetic studies 
on disease location and severity should have a long 
follow-up with disease carefully categorized clinically 
 Studies should utilize a statistical correction (such as a 
Bonferroni correction) of raw p values in light of 
multiple comparisons inherent to large SNP and gene 
association studies 
 Multiple family members should not typically be 
included in the same study as their similar genetics 
may affect results 

NOD2 [ 25 ] offering insight into the pathogenesis 
of this aspect of the disease [ 106 ].   

    Prediction of Response to Treatment 

    Predicting Disease Recurrence 
 Recurrence of ileocolic disease after surgery is 
common and typically occurs as the result of a 
stricturing phenotype [ 114 – 116 ]. Recurrence is 
more common in those who require surgery 
shortly after diagnosis and in smokers [ 117 ]. 
Medication use, anastomosis type, and family 
history have been studied as potential predictors 
of recurrence but results are inconsistent leading 
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to the search for a genetic marker. The IRGM 
gene has been associated with early recurrence. 
In Seghal et al.’s study of over 70 IBD associated 
SNPs, patients with the IRGM SNP rs4958847 
required more frequent ileocolectomies and had 
an earlier time to reoperation. One surgery was 
required every 6.8 years in patients with the at 
risk genotype vs. every 11.4 years in patients 
with the wildtype allele [ 15 ]. In a study by 
Seiderer et al., 80 patients with small bowel CD 
were genotyped for the three most common 
NOD2/CARD15 variants. The presence of at 
least one variant was seen in over 60 % of patients 
with stenotic disease. Over 60 % of patients with 
the 1007fs variant required surgical intervention 
for stenosis [ 15 ].  

    Medical Therapy Requirement 
and Response 
 Due to the side effects, expense and/or propensity 
of CD drugs to lose their effect with time, a 
genetic predictor of response to these drugs is 
being sought. Gene associations with severe dis-
ease requiring medical treatment such as HLA 
DRB1*0103 and MDR1 and the requirement for 
infl iximab [ 8 ,  27 ] and recent studies focusing on 
the anti-TNF drug class have suggested a genetic 
component to drug responses. In a GWAS of 
pediatric IBD and anti-TNF drug response, a 
small group of CD patients demonstrated that the 
presence of risk alleles in several CD associated 
genes including ATG16L1 and the IBD locus 
5q31 correlated with a lack of response to infl ix-
imab, a member of the anti-TNF drug family 
[ 19 ]. A subsequent adult IBD study inclusive of 
29 CD patients failed to show a correlation 
between polymorphisms in the TNF gene pro-
moter region and response to anti-TNFs. 
However, the C allele of the IL1B SNP rs1143634 
was associated with poorer clinical remission 
after 14 weeks of infl iximab treatment [ 31 ]. 

 Due to effects of glucocorticoid use on growth 
and the delay in widespread use of anti-TNF 
treatment in the pediatric population, genetic 
associations with glucocorticoid effectiveness 
have undergone greater study in the pediatric 
population. In a study of only four genes in 154 
pediatric IBD patients treated with steroids for 30 

days, 82 of whom had CD, on multivariate analy-
sis, BcI1 mutations were signifi cantly associated 
with response while NACHT leucine-rich-repeat 
protein 1 (NALP1) mutations were associated 
with lack of response [ 118 ]. However, one study 
on adult CD patients demonstrated that the pres-
ence of a polymorphism in the macrophage 
migration inhibitory factor (MIF) gene involved 
in the innate immune response was associated 
with the need for increased dosages of corticoste-
roids [ 119 ]. A recent study has correlated NOD2/
CARD15 mutations with poor response to antibi-
otics in septic anal disease in 55 CD patients 
[ 120 ]. 

 Although multiple genetic associations with 
medication response have been suggested, none 
are currently in use except for the clinical testing 
of the thiopurine methyl transferase (TPMT) gene 
and the metabolism of azathioprine and 6 mercap-
topurine (6-MP). This commonly administered 
genetic test determines the presence or absence of 
a genetic variation that is associated with increased 
cytotoxicity or lack of drug effectiveness due to 
altered enzyme activity [ 59 ].  

    Failure of Medical Treatment/The 
Requirement for Surgery 
 The new fi eld of “Surgical Genetics” correlates 
genotype with operative outcomes [ 3 ,  106 ]. 
Predicting the need for surgery and the likelihood 
of postoperative recurrence, particularly in 
 ileocolic disease, have been the two foci of surgi-
cal genetics in CD to date. In an early genetic 
study by Farrell et al., multidrug resistance 
(MDR) gene expression levels in peripheral 
blood lymphocytes was studied to predict failure 
of steroid treatment and the need for surgery. 
Higher expression was demonstrated in these 
patients. The MDR gene codes for a drug effl ux 
pump [ 20 ]. In a pediatric study, patients with a 
TNF polymorphism (308A allele), demonstrated 
an OR of 2.1 for requiring surgery compared to 
patients with the wildtype allele [ 21 ]. A more 
recent study by Dubinsky et al. correlated geno-
typing results at over 70 known IBD loci in over 
1,000 CD patients to discover three CD associ-
ated loci that were independently associated with 
the requirement for surgery within 5 years of 

T.M. Connelly and W.A. Koltun



29

diagnosis; IL12B, IL23R, and the transcription 
regulator, Chromosome 11 open reading frame 
30 (C11orf30). They also demonstrated two CD 
susceptibility loci, 9q34 and 7q21 to be associ-
ated with early surgery [ 28 ]. The immunoregula-
tory TNFSF15 gene discussed above has also 
been associated with medically refractory IBD 
requiring surgery in UC. It has not yet been stud-
ied as a predictor of the requirement for surgery 
in CD [ 107 ].   

    Genetic Counselling 

 Due to the increased likelihood of IBD develop-
ing in a family member of Crohn’s patient, 
genetic correlations may in the future be used to 
(1) identify family members who are predeter-
mined to develop IBD, (2) predict the disease 
phenotype in newly diagnosed patients, (3) select 
appropriate medical treatment, and (4) select 
appropriate surgical treatment. No single gene or 
combination of IBD associated genes has been 
identifi ed to date for these potential future aims. 
However, with more focused study, the hope will 
be that patients identifi ed as high risk by genetic 
criteria could then be treated either prophylacti-
cally to avoid development of the disease or alter 
the environmental half of the host/environment 
etiology of the disease pathophysiology to then 
avoid the development of CD later in life.     
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            Introduction 

 Treatment options for Crohn’s disease have been 
developing and expanding rapidly over the past 
10 years. Multiple classes of medications are cur-
rently available to treat Crohn’s disease, including 
5-aminosalicylates (5-ASA), antibiotics, gluco-
corticoids, thiopurine immunosuppressives, 
methotrexate, tumor necrosis factor (TNF) alpha 
antagonists, and anti-integrin therapies. Goals of 
treatment have expanded beyond relief of symp-
toms to include maintenance of long-term remis-
sion, avoidance of corticosteroids and their 
associated side effects, and prevention of disease 
complications such as fi stulas, strictures, and 
abscesses. Additional aims of therapy are to avoid 
the need for surgical intervention, minimize the 
risk of colorectal cancer, and to maintain  adequate 
nutrition and improve quality of life. The benefi ts 
of medications in achieving these outcomes must 
be balanced with the potential drawbacks, includ-
ing the increased risks of serious infections, 
malignancies, and substantial fi nancial burden for 
both individual patients and society.  

    Aminosalicylates 

 Sulfasalazine is composed of 5-aminosalicylic 
acid (5-ASA) linked to sulfapyridine by an azo- 
bond that is cleaved in the presence of colonic 
bacteria to release the active 5-ASA (mesala-
mine) component. Other 5-ASA formulations 
have various delayed- and sustained-release 
formulations to promote absorption in targeted 
segments of the GI tract, typically aimed at the 
distal small bowel and/or colon. The mecha-
nism of action of 5-ASA is incompletely under-
stood, but thought to include topical 
anti-infl ammatory properties, including inhibi-
tion of cytokine synthesis, free radical scaveng-
ing, and impairment of white blood cell 
adhesion and function [ 1 ]. 

 Aminosalicylates have been widely used with 
success for ulcerative colitis, but evidence of 
benefi t in Crohn’s disease is less compelling with 
studies demonstrating mixed results. Early stud-
ies of sulfasalazine demonstrated a modest bene-
fi t in inducing remission (but not maintaining 
remission) in patients with Crohn’s colitis, using 
a dose of approximately 1 gram per 15 kg of body 
weight [ 2 ]. However, subsequent studies of mesa-
lamine, including a 2004 meta-analysis showed 
only a modest and clinically insignifi cant treat-
ment effect [ 3 ,  4 ]. 

 Subsequent to this, a Cochrane meta-analysis 
in 2010 showed a small benefi t with sulfasala-
zine: it was more likely to induce remission than 
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placebo (RR 1.38), with a benefi t seen mostly in 
patients with disease confi ned to the colon [ 5 ]. 
Mesalamine was not more effective than placebo 
for inducing remission or response. Similarly, a 
2011 meta-analysis of 22 randomized controlled 
trials showed a trend toward benefi t of sulfasala-
zine over placebo for active Crohn’s disease 
(RR 0.83 of failure to achieve remission), but no 
clear benefi t of mesalamine over placebo for the 
same purpose [ 6 ]. Neither sulfasalazine nor 
mesalamine was effective for preventing relapse 
of quiescent Crohn’s disease, and neither has 
demonstrated a steroid-sparing effect. Without 
clear evidence supporting its effi cacy in Crohn’s 
disease, aminosalicylate therapy is not widely used 
or recommended at this time. However, sulfasala-
zine may have a role in treating mild- moderate 
Crohn’s colitis. 

 Adverse effects of sulfasalazine lead to dis-
continuation of the medication in about 20–25 % 
of patients and are generally related to the sulfa-
pyridine component [ 7 ]. Idiosyncratic reactions 
include rash, hepatitis, pancreatitis, pneumonitis, 
agranulocytosis, aplastic anemia, lupus-like 
reactions, Stevens–Johnson syndrome, and aller-
gic reactions to the sulfa moiety. Agranulocytosis 
typically occurs within the fi rst 3 months of 
treatment and can rarely be fatal. Compete blood 
cell counts and liver function tests should be 
monitored frequently during the fi rst 6 months of 
therapy. Dose related effects can include nausea, 
anorexia, dyspepsia, leukopenia, hemolytic anemia, 
and headache. Sulfasalazine is also associated 
with oligospermia in men, which is reversible 
after discontinuation. Folic acid supplementation 
is recommended during sulfasalazine treatment 
to prevent the effects of medication-induced folic 
acid defi ciency [ 7 ]. Adverse effects of mesala-
mine are less common, but can include nausea, 
headache, diarrhea, pancreatitis, and pneumoni-
tis. Rarely, patients can develop worsening of 
their colitis symptoms, sometimes associated 
with fever and rash [ 8 ]. Nephrotoxicity is also a 
rare side effect, most often caused by acute or 
chronic interstitial nephritis with a risk of approx-
imately 1 per 4,000 patients per year, and so renal 
function should be monitored periodically during 
therapy [ 9 ].  

    Antibiotics 

 Antibiotics have a role in treating infectious 
 complications of Crohn’s disease, including peri-
anal and intra-abdominal abscesses, and in the lon-
ger term management of perianal fi stulizing 
disease, and prevention of recurrence after ileoce-
cal resection. Antibiotics may also play a role to a 
lesser extent in reducing mucosal infl ammation in 
luminal Crohn’s disease. It is hypothesized that the 
effect of antibiotics on intestinal infl ammation 
may be mediated through alterations of the intesti-
nal microbiota, resulting in a decreased antigenic 
stimulus in patients with a genetic predisposition 
to immune dysregulation. 

 Antibiotics that have historically been used 
for Crohn’s disease include metronidazole and 
ciprofl oxacin, although more recent studies have 
evaluated a potential role for rifaximin. Studies 
of metronidazole in active Crohn’s disease have 
not consistently signaled a clear benefi t over pla-
cebo, although there has been a suggestion of 
symptom reduction in patients with colonic dis-
ease [ 10 ]. A small randomized controlled trial of 
combination ciprofl oxacin and metronidazole 
versus methylprednisolone in active Crohn’s dis-
ease showed similar rates of clinical remission at 
12 weeks [ 11 ]. Unfortunately, long-term use of 
metronidazole is associated with many side 
effects, including peripheral neuropathy, dysgeu-
sia, and nausea, causing a signifi cant percentage 
of patients to discontinue the therapy [ 12 ]. 

 In the treatment of perianal fi stulizing dis-
ease, an open-label study of metronidazole 
showed complete or advanced healing in 15 of 
18 patients treated with metronidazole [ 13 ]. 
However, only 28 % of patients were able to stop 
the medication without fi stula recurrence. In 
patients with recurrent fi stulizing disease after 
cessation of metronidazole, healing was again 
observed when metronidazole was re-introduced 
[ 14 ]. A small pilot study of ciprofl oxacin for 
perianal disease showed a numerical improve-
ment in patients with complete fi stula closure 
(40 % versus 12.5 %), but this was not statisti-
cally signifi cant given the small sample size [ 15 ]. 
Two other studies have shown that antibiotics 
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can enhance the effect of TNF inhibitors for 
healing of perianal fi stulas. A recent study of 
adalimumab in combination with ciprofl oxacin 
showed that patients treated with the antibiotic 
and anti-TNF agent together had a signifi cantly 
greater rate of clinical response (defi ned as 50 % 
closure of fi stulas) and remission (defi ned as 
complete closure of fi stulas) at week 12, com-
pared with those patients treated with adalim-
umab alone [ 16 ]. However, this effect was not 
sustained at week 24 after the antibiotic was 
stopped. In a similar study of infl iximab plus 
ciprofl oxacin, there was a trend toward improved 
effi cacy using the combination of medications 
compared with infl iximab monotherapy (73 % 
versus 39 %), but this was not statistically sig-
nifi cant given the small sample size [ 17 ]. 

 Rifaximin is a non-absorbable antibiotic 
with a broad-spectrum of activity against intes-
tinal microbes. The lack of absorption results 
in fewer systemic side effects and improved 
long-term tolerability, making rifaximin an 
appealing candidate for treatment of Crohn’s 
disease. Several studies have demonstrated a 
modest clinical benefi t for rifaximin in main-
taining steroid-induced remission, and induc-
ing response or remission in active luminal 
disease [ 18 – 20 ]. 

 In a meta-analysis of antimicrobial therapy for 
Crohn’s disease, antibiotics as a general category 
were superior to placebo for induction of remis-
sion (RR 0.85 for lack of remission), and rifamycin 
derivatives including rifaximin appeared to be 
most effective for this purpose. Antibiotics 
also reduced fi stula drainage (RR 0.8) and relapse 
of quiescent disease (RR 0.62) [ 21 ]. Overall, anti-
biotics may be more effective for colonic disease, 
due to the higher burden of bacteria in this area, and 
they have a particular role as adjunctive therapy 
for healing of perianal fi stulas. However, tradi-
tional antibiotics including metronidazole and 
ciprofl oxacin require continued therapy to main-
tain effectiveness and have frequent side effects, 
thus limiting their use. Studies of rifaximin 
suggest a benefi t for treating mucosal infl ammation 
without major identifi ed side effects, although the 
benefi ts appear to be relatively small at this point.  

    Glucocorticoids 

 Glucocorticoids are highly effective for the short- 
term control of Crohn’s disease-related symp-
toms, but they are less effective for maintenance 
of remission, and have signifi cant adverse effects 
that preclude safe long-term administration [ 22 ]. 
They work by interacting with glucocorticoid 
receptors in the cell nucleus to alter expression of 
infl ammatory genes, inhibit the expression of 
adhesion molecules, and inhibit the migration of 
infl ammatory cells into tissues [ 23 ]. 

 In a 23-year population-based study of the 
natural history of Crohn’s disease, the short-term 
benefi t of steroids was substantial with 84 % of 
patients demonstrating complete or partial 
response at 30 days [ 24 ]. However, only 32 % of 
these patients were able to maintain remission at 
the end of a year without ongoing steroid use. 
Another 28 % were steroid dependent and 39 % 
required surgery by 1 year. This study highlights 
the excellent short-term effi cacy of steroids but 
also underscores the need for steroid-sparing ther-
apy to maintain the initial response to steroids. 
Several other studies have confi rmed the effi cacy 
of systemic glucocorticoids for induction of 
remission in active Crohn’s disease [ 25 ,  26 ]. 

 Despite their benefi t for induction of remis-
sion, systemic glucocorticoids have numerous 
adverse effects that prohibit sustained 
 administration. Short-term side effects can 
include psychiatric disturbances such as anxiety, 
emotional lability, psychosis, and insomnia. 
Other potential effects can include hypertension, 
hyperglycemia, acne, fungal, viral, and bacterial 
infections, and weight gain. Long-term effects 
can include cataracts, glaucoma, osteoporosis, 
avascular necrosis, diabetes mellitus, steroid 
induced myopathy, and adrenal insuffi ciency. In a 
safety registry of Crohn’s disease patients, corti-
costeroid use was independently associated with 
higher risk of mortality (HR 2.14) and serious 
infection (HR 1.57) [ 27 ]. 

 Because of the multiple side effects associated 
with these medications, budesonide has been 
studied as an alternative glucocorticoid treatment. 
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Budesonide is a topical glucocorticoid with high 
affi nity for the glucocorticoid receptors (200 
times that of prednisolone) that delivers steroid 
locally to the distal ileum and proximal colon 
[ 28 ]. Because of extensive fi rst pass metabolism 
in the liver, only 10–15 % of the oral dose is sys-
temically active, leading to fewer side effects 
compared with traditional glucocorticoids. 
Abnormal responses to ACTH tests were less 
common in budesonide-treated patients compared 
to those receiving systemic glucocorticoids, but 
still more common than in patients receiving pla-
cebo, confi rming there is a small degree of sys-
temic activity with budesonide [ 29 ]. Budesonide 
is more effective than placebo but less effective 
than prednisone in inducing remission in patients 
with active luminal Crohn’s disease, and the 
greatest benefi t appears to be in patients with ileal 
or proximal colonic disease. Budesonide is not 
effective for the prevention of relapse in patients 
with quiescent Crohn’s disease [ 26 ]. 

 With regard to maintenance therapy, a 2003 
meta-analysis of corticosteroids showed no ben-
efi t as maintenance therapy at 6, 12, and 24 
months when compared with placebo [ 30 ]. Meta- 
analyses of budesonide have similarly demon-
strated a lack of improvement over placebo in 
maintenance of remission at 3, 6, and 12 months 
[ 31 ]. Because of their potential side effects and 
lack of maintenance effi cacy data, corticoste-
roids are typically only used for short-term treat-
ment of an acute disease exacerbation, or as a 
bridge to maintenance therapy with a steroid-
sparing agent.  

    Thiopurine Immunosuppressives 

 Azathioprine is a pro-drug that is converted into 
6-mercaptopurine (6-MP) and is subsequently 
metabolized by one of three different enzymes to 
form either active or inactive metabolites [ 32 ]. 
There is substantial inter-individual variation in 
azathioprine metabolism so an understanding of 
these mechanisms is essential to safe and effective 
administration of thiopurine therapy. Metabolism of 
6-MP by xanthine oxidase produces 6-thiouric acid, 
which is inactive. Metabolism by hypoxanthine 

phosphoribosyltransferase produces the active 
6-thioguanine (6-TG) nucleotides which are asso-
ciated with improved effi cacy in Crohn’s disease, 
but also an increased risk of leukopenia. Lastly, 
metabolism by thiopurine methyltransferase 
(TPMT) produces an inactive metabolite, 
6- methylmercaptopurine (6-MMP), which can be 
hepatotoxic at higher concentrations. The active 
metabolite, 6-TG, is a purine analogue that incor-
porates into cellular DNA, inhibits proliferation of 
lymphocytes, and stimulates apoptosis of T cells 
in the lamina propria. There are genetic polymor-
phisms in TPMT enzyme activity that profoundly 
impact the metabolism of azathioprine. It is 
advised to check TPMT activity prior to initiating 
thiopurines in order to select optimal dosing and 
avoid toxicity. One in 300 patients has very low or 
absent TPMT activity, which can lead to severe 
leukopenia even with small doses of azathioprine 
and another 11 % have intermediate enzyme activ-
ity and may require dose reduction [ 32 ]. For 
patients with a high 6-MMP to 6-TG ratio, a xan-
thine oxidase inhibitor, allopurinol, can be added 
in conjunction with thiopurine dose reduction in 
order to favorably alter the 6-TG and 6-MMP 
metabolite profi le. The addition of allopurinol in 
these patients has been shown to improve disease 
activity scores, reduce daily prednisone dosage, 
and decrease aminotransferase levels [ 33 ]. 
However, this strategy carries a signifi cant risk of 
leukopenia and requires close follow-up and care-
ful monitoring [ 34 ]. 

 The initial report of successful azathioprine 
use for IBD was in 1969 in a case series of six 
patients with severe Crohn’s disease [ 35 ]. 
Subsequently a 2-year randomized controlled 
trial in Crohn’s disease showed patients who 
received 6-MP were more likely to experience 
clinical improvement (67 % versus 8 %), closure 
of fi stulas, and reduction in steroid dosing than 
those who received placebo. The response to aza-
thioprine took between 3 and 6 months to see full 
effect [ 36 ]. A second randomized controlled trial 
in 1995 evaluated patients concurrently treated 
with a 12-week tapering course of prednisolone in 
addition to azathioprine 2.5 mg/kg versus placebo 
[ 37 ]. This landmark trial showed a signifi cant dif-
ference in steroid-free remission at 15 months, 
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but no difference at 12 weeks, again suggesting 
that thiopurines are effective in maintaining 
remission in Crohn’s disease, but may not be 
effective for short-term induction therapy. 

 Despite these early studies showing signifi -
cant benefi t for thiopurines, enthusiasm for this 
class of medication has been tempered by recent 
prospective studies with larger patient enroll-
ment demonstrating a more modest treatment 
benefi t. A 2013 open-label trial of adults recently 
diagnosed with Crohn’s disease (within 6 months) 
evaluated the early use of azathioprine compared 
with conventional management (defi ned as aza-
thioprine only in case of steroid dependency, fre-
quent fl ares, severe perianal disease, or poor 
steroid response) [ 38 ]. There was no difference 
in time spent in steroid and anti-TNF free remis-
sion during the fi rst 3 years when comparing the 
two groups, although there was a lower rate of 
perianal surgery in the early azathioprine group. 
By then end of the study 61 % of the patients in 
the conventional therapy group had been started 
on azathioprine. A similar double blind prospec-
tive study of azathioprine versus placebo within 
8 weeks of disease diagnosis (only other medica-
tion allowed was corticosteroids) showed no dif-
ference in corticosteroid free remission at 76 
weeks, although azathioprine did reduce the rate 
of moderate-severe relapse [ 39 ]. These studies 
suggest there is limited benefi t to monotherapy 
with thiopurines early in the course of disease, 
for the endpoint of steroid-free remission [ 40 ]. 
Long-term cohort studies have shown that early 
azathioprine use within 3 years of initial diagno-
sis was associated with a reduced risk of initial 
abdominal surgery (HR 0.45), recurrent abdomi-
nal surgery (HR 0.44), and perianal surgery (HR 
0.30) [ 41 ]. Overall, the risk of fi rst major abdom-
inal surgery in this cohort was 17.5 % at 1 year, 
28.4 % at 5 years, and 39.5 % at 10 years. 
Similarly, a recently published large meta- 
analysis of 17 observational studies and 21,632 
patients showed a 40 % reduced risk of surgical 
resection in patients who received thiopurines 
[ 42 ]. These studies suggest that thiopurine 
 therapy may have important long-term protec-
tive effects, perhaps unseen in shorter effi cacy 
studies. 

 Side effects with thiopurines are common and 
are an important consideration when treating 
patients with Crohn’s disease. In a long-term 
prospectively maintained database of Spanish 
IBD patients on thiopurines over a median fol-
low-up of 44 months, 17 % of patients discontin-
ued treatment due to adverse events [ 43 ]. The 
most frequent side effects were nausea (8 %), 
hepatotoxicity (4 %), myelotoxicity (4 %), and 
pancreatitis (4 %). Other potential adverse events 
associated with azathioprine include allergic 
reactions, rash, fever, headache, fatigue, 
anorexia, cholestatic hepatitis, and arthralgias. 
Approximately 50 % of patients who discon-
tinue azathioprine due to adverse events can sub-
sequently tolerate 6-MP, but this should not be 
prescribed to patients who experienced bone 
marrow suppression or pancreatitis [ 44 ]. 

 As many as 1.8 % of patients experience a seri-
ous infection with long-term azathioprine use [ 45 ]. 
Interestingly, in a 5-year follow-up analysis of the 
TREAT registry (a large prospective observational 
research program to evaluate the long- term safety 
of medications for Crohn’s), thiopurine immuno-
suppressives were not independently associated 
with a signifi cantly increased risk of serious infec-
tion or mortality [ 27 ]. 

 Studies have demonstrated an approximately 
three to sevenfold increased risk of  non- Hodgkin’s 
lymphoma in patients treated with thiopurines, 
although the absolute risk is still very low [ 46 ]. 
This risk increases with age, and also increases 
signifi cantly after 1–2 years of thiopurine expo-
sure, but returns to baseline after thiopurines are 
stopped [ 46 – 48 ]. Cases of hepatosplenic T cell 
lymphoma have been reported in IBD patients 
taking thiopurines. This is a rare, aggressive, 
almost universally fatal extranodal lymphoma 
that primarily affects males younger than 35 [ 49 ]. 
Among reported cases, the vast majority had at 
least 2 years of thiopurine exposure, with a 
median duration of 5 years [ 49 ]. Thiopurines are 
also associated with an increased risk of non-
melanoma skin cancer with a pooled adjusted 
hazard ratio of 2.28 [ 50 ]. Interestingly, the statis-
tical signifi cance was lost when studies with 
shorter follow-up (less than 6 years) were 
excluded, suggesting a possible surveillance bias. 
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Regardless, patients receiving thiopurines should 
be counseled on the importance of sun protection 
and regular skin exams.  

    Methotrexate 

 Methotrexate is a structural analogue of folic acid 
that competitively inhibits its binding to its recep-
tors and has demonstrated effectiveness for treat-
ing several autoimmune diseases, including 
rheumatoid arthritis and psoriasis. Possible 
mechanisms of its anti-infl ammatory action 
include increased concentrations of adenosine, 
inhibition of methylation functions necessary for 
cell replication, and apoptosis of T cells [ 51 ]. A 
randomized placebo-controlled trial evaluating 
the use of intramuscular methotrexate for induc-
tion therapy in patients with active Crohn’s dis-
ease showed a signifi cant benefi t in inducing 
clinical remission at 16 weeks (39 % versus 
19 %), as well as a reduction in prednisone dos-
ing [ 52 ]. Adverse events leading to discontinua-
tion occurred in 17 % of the methotrexate group, 
primarily due to serum aminotransferase eleva-
tions or nausea. Patients who achieved clinical 
remission in this study were then re-randomized 
to a maintenance trial of continued methotrexate 
15 mg weekly versus placebo for 40 more weeks. 
Those who received maintenance methotrexate 
were more likely to remain in remission and less 
likely to require steroids, compared with those 
who received placebo (65 % versus 39 %) [ 53 ]. 
In a few small, randomized controlled trials, oral 
methotrexate monotherapy has not shown any 
benefi t for treatment of Crohn’s [ 54 ,  55 ]. 

 In addition to nausea and liver function test 
abnormalities, side effects of methotrexate can 
include stomatitis, diarrhea, headache, hair loss, 
infections, bone marrow depression, and intersti-
tial pneumonitis. Hepatic fi brosis has been seen 
with long-term methotrexate use and requires 
vigilant monitoring of liver enzymes with dose 
reduction or discontinuation of methotrexate if 
hepatotoxicity occurs [ 56 ]. Methotrexate is 
highly teratogenic, so women of childbearing 
capacity should be counseled about this risk and 
are advised to use highly effective contraception 

while on methotrexate. Additionally, methotrexate 
can induce a reversible oligospermia and the 
safety of male partner methotrexate use during 
conception is unknown. Consequently, men are 
counseled to discontinue methotrexate at least 3 
months in advance of trying to conceive a preg-
nancy. Folic acid supplementation is recom-
mended uniformly to prevent folate defi ciency 
and reduce side effects [ 1 ]. In recognition of the 
lack of high quality data and the slow onset of 
action, methotrexate is not currently endorsed as 
a fi rst line option for induction of remission in 
Crohn’s disease, but may have a role in treating 
patients who have failed other options [ 57 ]. In 
current practice, methotrexate is more commonly 
used in combination with anti-TNF agents, and 
its use in this capacity will be discussed later in 
this review.  

    Tumor Necrosis Factor-Alpha 
(TNF- α) Inhibitors 

 TNF-α is a pro-infl ammatory cytokine that plays 
a pivotal role in the pathogenesis of IBD and has 
been found in increased concentrations in the 
mucosa and stool of patients with Crohn’s dis-
ease. There are currently three available anti- 
TNF monoclonal antibodies approved for use in 
Crohn’s disease. Infl iximab is a chimeric mouse- 
human IgG1 monoclonal antibody, whereas 
adalimumab is a humanized IgG1 antibody and 
certolizumab pegol is a pegylated Fab’ fragment. 
All three TNF inhibitors bind with high specifi c-
ity and affi nity to soluble and membrane-bound 
TNF-α, leading to neutralization of its biological 
activity. Infl iximab and adalimumab, but not cer-
tolizumab pegol, also induce apoptosis of TNF 
expressing cells. 

 The fi rst randomized controlled trial of inf-
liximab in 1997 evaluated a single infusion in 
108 patients with active Crohn’s disease and 
demonstrated clinical response at week 2 in 81 % 
of the infl iximab-treated patients versus 17 % of 
the placebo-treated patients [ 58 ]. Subsequently, 
the ACCENT 1 trial evaluated the use of repeated 
infl iximab infusions for maintenance therapy in 
moderate-severe Crohn’s disease [ 59 ]. In total, 
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58 % of patients responded within 2 weeks to the 
initial infusion of infl iximab, and those random-
ized to receive ongoing infusions achieved a 
39 % remission rate at week 30, compared with 
21 % of placebo-treated patients. When all 
patients treated with infl iximab were pooled, the 
odds ratio of sustained clinical remission with 
infl iximab compared to placebo was 2.7 and 
three times as many patients in the infl iximab 
group were able to discontinue steroids. 
Interestingly, the real life experience with infl ix-
imab seems to be even better than the clinical tri-
als. In a Canadian cohort of 130 patients, most on 
concurrent immunomodulators, 83 % maintained 
clinical response at 30 weeks and 64 % at 54 
weeks [ 60 ]. Another study detailing a large single 
center experience with infl iximab showed an 
82 % response to infl iximab induction, and a 
66 % sustained clinical benefi t [ 61 ]. 

 Infl iximab has also proven effective for treat-
ment of fi stulas in Crohn’s disease. The initial 
study of its use for this indication included 94 
patients with draining abdominal or perianal fi stu-
las [ 62 ]. Of the patients who received 5 mg/kg 
infl iximab induction dosing, 68 % had a reduction 
of at least 50 % in the number of draining fi stulas, 
compared to 26 % of the placebo group, and 55 % 
of the patients in the infl iximab group had com-
plete closure of their fi stulas. Subsequently, the 
landmark ACCENT II trial demonstrated that 
continued infusions of infl iximab every 8 weeks 
was more effective than placebo in maintaining 
fi stula closure [ 63 ]. In this study 36 % of patients 
in the infl iximab arm had a complete absence of 
draining fi stulas at week 54, a statistically signifi -
cant increase from the placebo group. In this same 
trial, infl iximab was effective for inducing and 
maintaining closure of rectovaginal fi stulas, and 
reducing the number of hospital days, surgeries, 
and procedures [ 64 ,  65 ]. 

 Adalimumab has shown similar effi cacy for 
induction of moderately to severely active 
Crohn’s disease, with 59 % of patients demon-
strating response and 36 % achieving remission 
at 4 weeks [ 66 ]. Among initial responders to 
induction therapy, more than one third were still 
in remission at 1 year with maintenance doses of 
adalimumab [ 67 ]. Rates of response and remis-

sion were inversely correlated with duration of 
disease [ 68 ]. A secondary analysis of patients 
with fi stulizing disease showed a signifi cant 
improvement in mean number of draining fi stulas 
per day in the adalimumab group compared with 
placebo [ 69 ]. At the end of 56 weeks, 33 % of 
patients on adalimumab had complete fi stula 
healing versus (13 % placebo) and among these 
patients 90 % maintained fi stula healing after an 
additional year of adalimumab. Adalimumab is 
also effective for patients with prior exposure to 
infl iximab who developed a secondary loss of 
response or intolerance. However, the response 
and remission rates are lower than in TNF-naïve 
patients [ 67 ,  70 ]. 

 The most recently approved TNF-α inhibitor 
used in the treatment of Crohn’s disease is certoli-
zumab pegol, a pegylated humanized Fab’ frag-
ment. Unlike infl iximab and adalimumab, 
certolizumab has not been shown to induce apop-
tosis of infl ammatory cells. The initial study evalu-
ating certolizumab showed, among patients with 
an elevated CRP, 37 % of patients had a clinical 
response at week 6, compared with 26 % in the 
placebo group [ 71 ]. At week 26, there was no sig-
nifi cant difference in rates of remission. In the 
PRECISE II study of certolizumab maintenance, 
64 % of patients responded to induction therapy by 
6 weeks [ 72 ]. Among these initial responders, 
those who continued to receive certolizumab had a 
48 % remission rate at week 26 versus 29 % of the 
placebo group. A sub- analysis showed that patients 
with a shorter disease duration (<1 year) at study 
entry had a signifi cantly greater rate of clinical 
response and remission than those with longer dis-
ease duration [ 73 ]. Certolizumab therapy was also 
associated with a signifi cantly increased chance of 
perianal fi stula closure in an open-label study and 
has been shown to be effective in patients who 
have experienced secondary failure of infl iximab 
[ 74 ,  75 ]. 

 Unfortunately, many patients who initially 
respond to anti-TNF therapy will eventually expe-
rience loss of response [ 76 ,  77 ]. One of the com-
mon and well-recognized mechanisms for 
attenuation of response is mediated by the devel-
opment of anti-drug antibodies [ 78 ]. These anti-
bodies directed against the TNF antagonist 
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molecule can result in drug-neutralization or 
accelerated clearance, leading to loss of clinical 
effectiveness. Strategies to prevent anti-drug anti-
body development include an induction dosing 
regimen, scheduled rather than episodic mainte-
nance therapy, and co-administration of a thiopu-
rine immunosuppressive or methotrexate [ 78 ,  79 ]. 
If loss of response does occur, this can often be 
overcome by dose escalation or switch to another 
TNF antagonist and this management decision 
can be guided by monitoring of drug levels and 
anti-drug antibodies. Severe disease activity (as 
indicated by high CRP, high TNF levels, and low 
albumin) is also associated with accelerated clear-
ance of TNF antagonists [ 78 ]. This observation 
suggests that TNF antagonists should not be 
reserved for use only as a rescue therapy in the 
setting of severe disease, and when they are used 
in this setting higher doses may be required. 

 Potential adverse events associated with anti- 
TNF therapies include injection site or infusion 
reactions, neutropenia, demyelinating disease, 
hepatotoxicity, serious infections, congestive 
heart failure, rash and induction of autoimmu-
nity. Worsening of demyelinating disorders has 
been described with anti-TNF agents and conse-
quently it is recommended to avoid these medica-
tions in patients with a history of demyelinating 
neurologic disease [ 80 ]. In general, TNF inhibi-
tors should also be avoided in patients with 
advanced heart failure, as they have been associ-
ated with increased mortality in these patients 
[ 81 ]. Approximately 50 % of patients receiving 
infl iximab develop antinuclear antibodies after 2 
years, but drug-induced lupus is rare [ 82 ]. 
Paradoxical development of a psoriasiform rash 
has been described with TNF antagonists and 
often resolves with cessation of the anti-TNF 
agent. The risk of recurrence of psoriasis with a 
second TNF antagonist is about 50 % [ 83 ]. 
Serious infections occur in 2–4 % of patients 
treated with anti-TNF therapy annually [ 84 ]. 
Patients and their providers should be aware of 
this risk and vigilant monitoring and early 
workup of infectious symptoms is advised. 
Tuberculosis and Hepatitis B testing should be 
performed prior to initiating therapy, with initiation 
of treatment or vaccination for these infections as 
appropriate. 

 Lymphomas have been described in patients on 
TNF antagonists at rates higher than the general 
population [ 85 ]. It is diffi cult to defi nitively attri-
bute the lymphoma risk to TNF inhibitors alone, 
since most patients in whom this risk was studied 
were on concurrent or previous thiopurine therapy 
[ 86 ,  87 ]. Regardless, the absolute risk of lym-
phoma with a TNF antagonist and thiopurine in 
combination is low [ 86 ]. Hepatosplenic T cell 
lymphoma is a rare and particularly aggressive 
form of lymphoma that is seen primarily in young 
male patients with IBD on combination therapy 
with TNF antagonists and thiopurines [ 49 ]. 
Consequently combination therapy should be 
carefully considered in this high risk group. 
Patients on TNF inhibitors may also have a two to 
threefold increased risk of non- melanoma skin 
cancer, although studies have been mixed [ 88 ]. 
Additionally, there is likely a small increased risk 
of melanoma [ 89 ]. Patients taking TNF inhibitor 
therapy should be advised on the importance of 
sun protection and regular skin exams. Despite the 
small increased risk of lymphomas and skin can-
cers, overall malignancy risk is not elevated in 
patients on TNF antagonist therapy [ 90 ].  

    Anti-Integrin Therapies 

 Integrins are glycoproteins expressed on the 
 surface of circulating leukocytes and mediate 
their adhesion to the vascular endothelium and 
their subsequent migration into adjacent tissue. 
Anti- integrin therapies have been developed to 
selectively block this critical step in the recruit-
ment of leukocytes to the gut in patients with 
infl ammatory bowel disease. Natalizumab, the 
fi rst anti- integrin therapy studied in Crohn’s dis-
ease is a humanized IgG4 monoclonal antibody 
that leads to inhibition of both α4β7 integrin 
(responsible for leukocyte traffi cking to the GI 
tract) and α4β1 (responsible for leukocyte traf-
fi cking to the central nervous system). As a result, 
natalizumab induces a selective immunosuppres-
sion of both the GI tract and the brain and has 
demonstrated benefi t in treating both Crohn’s 
disease and multiple sclerosis. Results of the piv-
otal ENCORE and ENACT studies showed that 
natalizumab was superior to placebo for induction 
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and maintenance of response and remission in 
patients with moderately to severely active Crohn’s 
disease [ 91 – 93 ]. The benefi t of natalizumab was 
most pronounced for patients with an elevated CRP 
at baseline and in those previously treated with 
anti-TNF therapy. 

 Unfortunately, use of natalizumab has been 
associated with an increased risk of progressive 
multifocal leukoencephalopathy (PML), a rare 
but devastating demyelinating disease of the CNS 
caused by reactivation of the JC polyomavirus 
[ 94 ,  95 ]. PML usually presents with sub-acute 
neurologic defi cits, including cognitive defi cits 
(48 %), motor defi cits (37 %), language distur-
bances (31 %), and visual diffi culties (26 %) 
[ 95 ]. Although JC virus infection is quite com-
mon (affecting up to 86 % of the general popula-
tion) PML is only seen in immunosuppressed 
individuals, suggesting that depletion of CNS 
lymphocytes is responsible for the increased risk 
in natalizumab-treated patients. Among patients 
receiving natalizumab, concomitant immunosup-
pression, longer duration of natalizumab therapy, 
and a positive JC virus antibody test at baseline 
or during treatment are all associated with a 
higher risk of PML [ 96 ]. In recognition of the 
risk of PML, patients receiving natalizumab must 
be enrolled in a safety monitoring program that 
involves periodic testing for JC virus antibody, 
avoidance of adjunctive immunosuppression, and 
consideration of drug holidays for patients on 
long-term therapy. 

 Vedolizumab is a humanized monoclonal 
IgG1 antibody specifi c for the α4β7 integrin that 
does not cross-react with α4β1, and does not 
interfere with leukocyte migration to the CNS. 
This is supported by studies showing no altera-
tion of the lymphocyte composition in the cere-
brospinal fl uid of patients treated with 
vedolizumab [ 97 ]. Additionally, no cases of PML 
have been observed among the 3,000 patients 
who received vedolizumab in clinical trials, 
including nearly 1,000 patients with 2 years or 
more of continuous exposure [ 98 ,  99 ]. The effi -
cacy of vedolizumab for inducing remission in 
active Crohn’s disease was modest with 14.5 % 
of patients achieving remission at week 6, com-
pared to 6.8 % of patients receiving placebo [ 98 ]. 

However, the maintenance data were better with 
39 % of vedolizumab patients and 21 % of placebo 
patients in remission at week 52. Among patients 
with previous anti-TNF treatment, there was no 
statistically signifi cant difference in clinical remis-
sion at 6 weeks, but there was a statistical benefi t at 
10 weeks, suggesting that vedolizumab has a 
slower onset of effect than anti-TNF agents, but is 
effective in patients with prior anti-TNF failure 
[ 99 ]. The only adverse effect that occurred more 
frequently in the vedolizumab group was naso-
pharyngitis, but the long- term safety of this novel 
therapy is not yet established. Additionally, the 
benefi t of vedolizumab for treatment of fi stuliz-
ing disease, extra- intestinal manifestations or 
prevention of post-operative recurrence remain to 
be determined.  

    Treatment Strategy 

 The natural history of Crohn’s disease involves 
fl uctuating periods of disease quiescence punctu-
ated by episodes of exacerbation. Cumulative 
bowel injury occurs over time with chronic 
 smoldering infl ammation and is accelerated by 
disease fl ares such that there is a progression from 
infl ammatory to    fi brostenotic or penetrating dis-
ease behavior [ 100 ]. This understanding of 
Crohn’s disease implies that there is a window of 
opportunity to treat with medical therapy before 
permanent structural intestinal damage has 
occurred, and that effective treatment early in the 
disease course is essential to mitigate the risks of 
strictures, abscesses, and fi stulas. This conceptual 
model of Crohn’s disease is supported by empiric 
evidence demonstrating that patients with shorter 
disease duration have a greater likelihood of 
responding to medical therapy [ 68 ,  73 ]. 

 Currently the most effective treatment avail-
able for induction of remission in moderate to 
severe Crohn’s disease is the combination of a 
TNF antagonist and a thiopurine immunosup-
pressant. In the SONIC trial, a landmark study of 
induction therapy for active Crohn’s disease, the 
combination of infl iximab and azathioprine was 
more effective than either infl iximab alone or 
azathioprine alone in achieving remission [ 101 ]. 
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There were no signifi cant differences in serious 
infections among the 3 treatment groups. A study 
looking at methotrexate in combination with inf-
liximab did not show any benefi t over infl iximab 
alone for maintenance of steroid-induced remis-
sion [ 102 ]. This may be in part because both the 
combination therapy group and the infl iximab 
monotherapy group received steroids, so the 
additional benefi t of methotrexate may have been 
masked. Patients who received methotrexate did 
have higher infl iximab levels and were less likely 
to have anti-infl iximab antibodies, indicating 
methotrexate may have had some benefi cial 
effect in reducing the immunogenicity of infl ix-
imab [ 103 ]. Taken together these studies support 
a role for early introduction of effective therapy 
for moderate to severe Crohn’s disease, and high-
light a role for combination therapy with a TNF 
antagonist partnered with a thiopurine or metho-
trexate. Whether to continue combination ther-
apy indefi nitely or to discontinue one agent or the 
other in select patients remains a subject of ongo-
ing investigation. 

 Unfortunately, many patients who initially 
respond to TNF antagonist therapy will eventu-
ally lose response. In this setting, dose intensifi -
cation of the TNF antagonist can often recapture 
clinical response. Measuring drug levels and 
anti-drug antibodies can inform decisions about 
switching to a second TNF antagonist or chang-
ing to another drug class. Vedolizumab should be 
considered for patients with moderate to severe 
disease who have a primary nonresponse to dual 
therapy with a TNF antagonist, or those with 
contraindications to anti-TNF therapy. 

 Treatment of penetrating Crohn’s disease fi rst 
requires control of infection with antibiotics, and 
possibly bowel rest and percutaneous drainage of 
any accessible fl uid collections. Once source 
control of infection is achieved, immunosuppres-
sion can be initiated [ 104 ]. TNF antagonists are 
the preferred option for treatment of fi stulizing 
Crohn’s disease because of their superior effi cacy 
and faster onset of action than other Crohn’s 
disease therapies in this setting [ 63 ]. 

 The optimal management of mild Crohn’s dis-
ease remains uncertain. For patients with disease 
isolated to the colon, 5-aminosalicylates may be 

a reasonable treatment option. Other available 
options include monotherapy with a thiopurine or 
methotrexate. Steroids are useful for rapid dis-
ease control in the setting of exacerbation, but 
long-term use is limited by lack of sustained 
effect and by an unfavorable side effect profi le. 
Consequently, steroids are primarily used as a 
bridge while waiting for slower acting therapies 
to take effect. Vedolizumab offers the promise of 
a targeted-intestinal immune suppression with a 
better safety profi le. However, clinical experi-
ence with both safety and effi cacy of vedoli-
zumab are limited at this time, so the optimal 
positioning of vedolizumab in the treatment algo-
rithm remains undefi ned.  

    Conclusion 

 Medical therapy for Crohn’s disease has seen sub-
stantial advancements over the past few decades. 
Aminosalicylates and corticosteroids which were 
once the mainstay of treatment are now used only 
in unique situations. Thiopurines, methotrexate, 
and TNF antagonists have become the preferred 
treatment because of their improved effi cacy and 
safety over prior therapies. The success of these 
therapies in regulating disease activity has allowed 
gastroenterologists to expand our goals of care 
beyond simply short-term symptom control. We 
now aim to induce and maintain durable steroid-
free remission and to prevent long-term disease 
complications such as strictures, fi stulas, and 
colorectal cancer. Anti-integrin therapies represent 
a novel therapeutic approach with selective block-
ade of intestinal lymphocytes and offer the prom-
ise of disease control without the adverse 
consequences of systemic immunosuppression.     
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            Introduction 

 It was not until 1998 that the fi rst FDA-approved 
treatment for Crohn’s disease (CD), infl iximab, 
came on the market. Prior to this time, clinical 
evidence to support medical therapy for Crohn’s 
disease centered around the 5-aminosalicylates 
(5-ASA) [ 1 ], corticosteroids [ 2 ,  3 ], and immuno-
suppressants (6-mercaptopurine, azathioprine 
[ 4 ], methotrexate [ 5 ], or cyclosporine [ 6 ]). Since 
the initial approval of infl iximab 15 years ago, 
four additional biologic treatments have been 
approved for the treatment of Crohn’s disease. 
These include two additional therapies targeting 
tumor necrosis factor α (TNFα), adalimumab and 
certolizumab pegol, and two therapies targeting 
integrins (natalizumab and vedolizumab). 
Although superior to placebo in the treatment 
of Crohn’s disease, response rates to currently 
available therapies are modest. As such, future 
targeted therapies and tools to predict a given 
individuals response to medication are needed. 

This chapter will focus on trends in management 
of Crohn’s disease and future treatment options 
in development.  

    Goals of Therapy 

 It is common in patients with Crohn’s disease to 
have a discordance between clinical symptoms 
and mucosal infl ammation. This is refl ected in 
data from the SONIC (Study of Biologic and 
Immunomodulator Naïve Patients in Crohn’s 
Disease) trial in which half of the patients in clin-
ical remission (defi ned as a Crohn’s Disease 
Activity Index (CDAI) <150) had endoscopic 
evidence of infl ammation [ 7 ]. As such, there has 
been a shift in clinical trials for Crohn’s disease 
from reliance on subjective clinical scores to the 
use of objective markers of infl ammation, includ-
ing C-reactive protein (CRP), fecal calprotectin, 
endoscopic evaluation, and histologic scoring. 
This practice refl ects acceptance that mucosal 
healing is associated with improved outcomes 
including less corticosteroid use, hospitalizations 
and surgeries, improved quality of life, as well as 
a decreased risk of colorectal cancer [ 8 – 10 ]. 
Furthermore, achieving mucosal healing on ther-
apy is associated with sustained remission in sev-
eral clinical trials [ 10 – 12 ]. Unfortunately, there is 
no standard defi nition for mucosal healing in 
Crohn’s disease [ 13 ,  14 ]. In the SONIC and the 
EXTEND (Extend the Safety and Effi cacy of 
Adalimumab Through Endoscopic Healing) trial, 
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mucosal healing was defi ned as the absence of 
mucosal ulcers at week 26 and week 12, respec-
tively. However, this defi nition does not take into 
account other fi ndings suggestive of active 
infl ammation, such as erosions, granularity, and 
friability. Furthermore, partial mucosal healing 
has also been associated with improved long- 
term outcomes [ 15 ]. 

 A second important development in treating 
Crohn’s disease has been a change towards early 
initiation of an aggressive treatment approach. In a 
2-year open randomized trial, 133 Crohn’s patients 
naïve to corticosteroids, immunosuppressants, or 
biologics were blindly randomized to one of two 
groups. Group one received a “top- down” induc-
tion with three infusions of infl iximab (weeks 0, 2, 
and 6) and initiation of daily azathioprine, fol-
lowed by repeat infl iximab infusions only as 
needed in the event of recurrent symptoms. Group 
two received a “step up” approach of corticoste-
roids, with relapse treated by further corticoste-
roids courses and subsequently with azathioprine, 
those failing or relapsing then went on to start inf-
liximab (5 mg/kg). The top-down group who 
received early combined immunosuppression had 
increased mucosal healing, clinical remission, and 
steroid free remission [ 16 ]. 

 The benefi t of early introduction of a biologic 
in Crohn’s disease was also shown in other stud-
ies. Post-hoc analysis from the PRECiSE 2 
(Pegylated Antibody Fragment Evaluation in 
Crohn’s Disease: Safety and Effi cacy) random-
ized control maintenance trial with certolizumab 
pegol as well as the CHARM (Crohn’s Trial of 
the Fully Human Antibody Adalimumab for 
Remission Maintenance) trials with adalimumab 
demonstrated that subjects who are early in their 
disease course have higher response rates than 
those who are in a later stage of their disease [ 17 , 
 18 ]. Data from the SONIC trial, where anti-TNF 
and immunosuppressive naïve patients were ran-
domized to infl iximab, azathioprine, or the com-
bination demonstrated that combination therapy 
was superior in patients relatively early in their 
disease course [ 19 ]. This is in contrast to data 
from the COMMIT (Combination of Maintenance 
Methotrexate-Infl iximab Trial) trial, where no 
differences were seen in rate of treatment failure 

between patients who were randomized to infl ix-
imab with or without subcutaneous methotrexate 
[ 20 ]. Although the differences in outcomes 
between these two trials may also be explained 
by dissimilarities in study design and treatment 
groups, it is worth noting that subjects in the 
SONIC trial were substantially  earlier in their 
disease course than those in the COMMIT trial 
(2.3 years vs. >9 years) [ 19 ,  20 ].  

    Targeted Pharmacological Therapy 

    Therapies Targeting Lymphocyte 
Homing, Adhesion, and Migration 

 In order for leukocytes to migrate into tissues, 
they traffi c across the vascular wall through a 
series of maneuvers consisting of capturing, roll-
ing, adhesion, and migration [ 21 ,  22 ]. The captur-
ing of lymphocytes involves the interaction 
between L-selectins and P- and E-selectins [ 23 ]. 
Following capturing, secondary adhesion mole-
cules expressed on lymphocytes, termed integ-
rins, facilitate migration through an interaction 
with receptors expressed on the vascular endothe-
lium. Several integrins participate in this mecha-
nism. These include α 2 β 2  that is expressed on 
neutrophils and binds to ICAM-1 (Intercellular 
Adhesion Molecule 1), α 4 β 1  that is expressed on 
most leukocytes and binds to VCAM-1 (Vascular 
Cell Adhesion Molecule 1), α 4 β 7  that is expressed 
on gut specifi c lymphocytes and binds to 
MADCAM-1 (Mucosal Vascular Addressin 
Cell Adhesion Molecule 1), and α E β 7  which is 
expressed on intraepithelial lymphocytes and 
binds to E-cadherin on epithelial cells [ 24 – 26 ]. 
Thus, β 7  containing integrins as well as the C–C 
chemokine receptor 9 (CCR-9) interacting with 
chemokine (C–C motif) ligand 25 (CCL25) facili-
tates homing of lymphocytes to the gut [ 27 ,  28 ]. 
Because of the central role they play in traffi cking 
lymphocytes to areas of infl ammation, several 
pharmacological treatments have been developed 
to target receptors involved in lymphocyte hom-
ing, adhesion, and migration. 

 Natalizumab, a monoclonal antibody directed 
against the α 4  integrin on leukocytes, was the fi rst 
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anti-adhesion molecule to be tested in Crohn’s 
disease. Clinical trials have demonstrated that 
natalizumab is effective for the induction and 
maintenance of remission in patients with Crohn’s 
disease [ 29 – 32 ]. These trials did reveal two 
important aspects regarding the therapeutic mech-
anism of natalizumab. First, there did not appear 
to be a dose response to natalizumab as seen with 
anti-TNF inhibitor therapy. Second, response and 
remission rates with natalizumab induction ther-
apy were modest compared to placebo, although 
maintenance of remission rates was more robust. 
Widespread use of natalizumab has been limited 
secondary to safety concerns related to reactiva-
tion of the JC virus resulting in progressive multi-
focal leukoencephalopathy (PML) in rare cases 
[ 33 ,  34 ]. The occurrence of PML in JC treated 
patients refl ects natalizumab’s lack of gut speci-
fi city through targeting α 4  integrin [ 35 ]. 

 Vedolizumab, a monoclonal antibody directed 
against α 4 β 7  integrin complex, was approved by 
the FDA in 2014 for the treatment of both UC 
and CD. Clinical trials in UC demonstrated that 
vedolizumab is effective for both the induction 
and maintenance of remission as well as mucosal 
healing in UC [ 36 ,  37 ]. Although an initial 
   phase II trial of vedolizumab in active CD did not 
reach its primary endpoint of clinical response at 
day 57, there was a suggestion of a dose-depen-
dent response with vedolizumab [ 38 ]. A subse-
quent larger phase III trial, however, showed 
improved clinical response and remission in CD 
patients treated with vedolizumab compared to 
placebo [ 39 ]. A second phase III randomized con-
trol trial with vedolizumab focusing on patients 
who previously failed anti-TNF therapy demon-
strated signifi cantly increased remission rates at 
week 10, but not at week 6, in those treated with 
vedolizumab [ 40 ]. Importantly, there were no 
reported cases of PML in the vedolizumab treated 
patients in these studies which is in agreement 
with mechanistic studies that demonstrate α 4 β 7  
selectivity to the gut, as well as reports that 
vedolizumab treatment does not affect cerebro-
spinal fl uid T cell phenotypes [ 41 ]. 

 In addition to natalizumab and vedolizumab, 
several biologics targeting the adhesion pathway 
are currently in development. This includes 

 etrolizumab, a humanized monoclonal antibody 
that targets α 4 β 7  and α E β 7 . A phase II trial of induc-
tion therapy with etrolizumab demonstrated sig-
nifi cant remission rates in patients with UC at 
week 10. Larger phase III trials in UC with etroli-
zumab are ongoing (ClinicalTrials.gov identifi er 
NCT02163759, NCT02171429, NCT02136069, 
NCT02165215, NCT02100696) with plans to 
begin phase III trials in Crohn’s disease. Similar to 
vedolizumab, AMG 181 is a monoclonal antibody 
that binds to the alpha-4-beta-7 heterodimer [ 42 ]. 
The antibody is being studied as a subcutaneous 
injection in a phase II trial in patients with moder-
ate to severe Crohn’s disease (NCT01696396). 
A monoclonal antibody targeting MAdCAM-1 
was also developed (PF- 00547659) [ 43 ]. Although 
an initial randomized, double-blind, placebo- 
controlled trial did not demonstrate statistically 
signifi cant differences in clinical response, clinical 
remission, or endoscopic remission, there were 
trends in response to all three parameters and 
signifi cant reductions in fecal calprotectin [ 44 ]. 
Phase II trials in Crohn’s disease and ulcerative 
colitis with this monoclonal antibody are currently 
ongoing (NCT01276509, NCT01620255). 

 AJM300 is a unique oral compound targeting 
α 4  integrins. Two randomized control trials of 
AJM300 in CD and UC were presented at 
Digestive Disease week in 2009 and 2014, respec-
tively [ 45 ,  46 ]. Although the study in CD did not 
meet the primary endpoints, there were differ-
ences in CDAI decreases following AJM300 
treatment in those with a CDAI ≥ 200 at baseline 
[ 45 ]. A second trial of AJM300 in 102 Japanese 
patients with moderately active UC demonstrated 
signifi cance in clinical response, remission, and 
mucosal healing at week 8 [ 46 ]. 

 CCX282-B is a selective antagonist of CCR9. 
In the PROTECT-1 (Prospective Randomized 
Oral-Therapy Evaluation in Crohn’s disease) trial, 
CCX282-B demonstrated effi cacy at week 12 in 
both 70 point CDAI response with 500 mg daily 
compared to placebo (61 % vs. 47 %,  p  = 0.039) 
and 100 point CDAI response at 500 mg daily 
compared to placebo (55 % vs. 40 %,     p  = 0.029). 
In addition, maintenance of remission was higher 
in subjects who received the treatment (47 % vs. 
31 %,  p  = 0.011) at week 36 [ 47 ]. Phase III trials to 
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investigate this compound were initiated although 
terminated early secondary to a lack of effi cacy 
and increased serious adverse events (SAEs), 
including 2 cardiac SAEs in subjects who received 
500 mg of the medication. 

 BMS-936557 is a monoclonal antibody to 
interferon-γ-inducible protein 10 (IP-10), a che-
mokine that plays a key role in infl ammatory and 
epithelial cell migration. A phase II randomized 
study of BMS-936557 given intravenously every 
other week in patients with active UC did not 
reach the primary endpoints of clinical response 
at day 57. However, subgroup analysis revealed 
that subjects with a higher steady-state concentra-
tion of the drug were signifi cantly more likely to 
achieve clinical response and histological 
improvement [ 48 ]. A phase II study examining 
induction and maintenance of remission of BMS- 
93557 in subjects with moderate to severe Crohn’s 
disease is ongoing (NCT01466374).  

    IL12/23 Inhibitors 

 Interleukin (IL)-12 and IL-23 play a key role in 
the T cell immune response [ 49 ]. Genome-wide 
association studies suggest that multiple genes in 
the IL-12/23 signaling pathway have an associa-
tion with Crohn’s disease [ 50 ]. IL-12 is expressed 
on antigen presenting cells, and has two subunits, 
p35 and p40. These subunits bind to the recep-
tors, IL-12β1 (p40) and IL-12β2 (p35) initiating a 
signaling cascade. This intracellular signaling 
shifts cell differentiation to a Th1 phenotype 
[ 51 ]. IL-23 also consists of two subunits, the 
IL-12p40 bound to p19. The p19 binds to IL-23 
receptor (IL23R) and induce a TH17 response, 
promoting infl ammation [ 52 ]. 

 The fi rst drug to target this pathway was 
ustekinumab, an IgG1 monoclonal antibody tar-
geting the common p40 subunit of IL-12 and 
IL-23 which inhibits it from binding to IL-12β1. 
Randomized, placebo-controlled studies have 
demonstrated the effectiveness of ustekinumab in 
the treatment of plaque psoriasis and psoriatic 
arthritis [ 53 – 55 ]. In Crohn’s disease, a phase IIa 
multicenter, double-blinded, placebo-controlled 
crossover study examined ustekinumab in two 

groups. Group 1 ( n  = 104) included patients with 
moderate to severe Crohn’s disease who were 
given either subcutaneous ustekinumab 90 mg 
weekly at weeks 0–3 and placebo at weeks 8–11, 
placebo at weeks 0–3, and subcutaneous 
ustekinumab at weeks 8–11, intravenous 
ustekinumab 4.5 mg/kg at week 0 and placebo at 
week 8, or IV placebo at week 0 and intravenous 
ustekinumab 4.5 mg/kg at week 8. Group 2 
( n  = 27) were primary or secondary non- 
responders to anti-TNF agents and were random-
ized to receive open-label ustekinumab either 
subcutaneous 90 mg at week 0–3 or a single dose 
of 4.5 mg/kg given intravenously. Although the 
study did not reach its primary endpoint, which 
was clinical response (CDAI decrease of ≥70) at 
week 8 (49 % vs. 40 %,  p  = 0.34), response rates at 
4 and 6 weeks were signifi cantly higher in the 
ustekinumab group. Further, the study demon-
strated a signifi cant response in anti-TNF nonre-
sponders and in those who lost response (43 % 
with subcutaneous dosing and 54 % with IV 
 dosing) [ 56 ]. A follow-up phase IIb randomized 
control trial in patients resistant to anti-TNF ther-
apy evaluated induction and maintenance of 
ustekinumab [ 57 ]. In the study, 526 subjects were 
randomized to receive 1, 3, or 6 mg of intravenous 
ustekinumab or placebo. Patients who responded 
to induction therapy were further randomized to 
receive 90 mg of subcutaneous ustekinumab or 
placebo at weeks 8 and 16 with effi cacy assessed 
at week 22. The proportion of patients who had 
≥100 point decrease in CDAI at week 6 were 
36.6, 34.1, 39.7, and 23.5 % for the 1 mg/kg, 
3 mg/kg, 6 mg, and placebo doses respectively. In 
addition, maintenance therapy with ustekinumab 
90 mg was associated with a higher rate of clinical 
remission at week 22 than placebo (41.7 % vs. 
27.4 %). A phase III trial examining induction 
treatment with 6 mg/kg intravenous vs. 130 mg 
intravenous vs. placebo was recently completed in 
patients who were intolerant or failed anti-TNF 
therapy (NCT01369329), and a similar study in 
patients who are not intolerant and have not failed 
anti- TNF therapy is ongoing (NCT01369342). A 
follow- up study, examining maintenance dosing 
with 90 mg of ustekinumab given subcutaneously 
is ongoing (NCT01369355). 
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 Two monoclonal antibodies to IL-23 are also 
currently in clinical trials investigating their effi -
cacy in Crohn’s disease. A phase II trial in 
patients with moderate to severe Crohn’s disease 
is studying both intravenous and subcutaneous 
medi-2070 (NCT01714726). BI-655066 is a 
monoclonal antibody targeting the p19 subunit of 
IL-23 and is currently being investigated in a 
phase II trial in patients with moderate to severe 
Crohn’s disease (NCT02031276).  

    JAK Inhibitors 

 Numerous cytokines direct intracellular signaling 
pathways through induction of the Janus Kinase/
signal transducer and activator or transcription 
(JAK/STAT) pathway. There are four JAK proteins 
(JAK1, JAK2, JAK3, and tyrosine kinase 2 
[TYK2]) and seven STAT proteins (1, 2, 3, 4, 5a, 
5b, 6). Binding of cytokines to their transmem-
brane receptors results in dimerization of the 
receptor subunits and recruitment of JAKs. This 
recruitment results in phosphorylation of JAKs, 
the receptor chains, and STAT. STATs bind to 
phosphorylated tyrosine residues on the receptor. 
Following phosphorylation, they dimerize and 
translocate to the nucleus resulting in transcrip-
tional regulation as shown in Fig.  4.1  [ 58 ,  59 ]. 
Previous Genome-Wide Association Studies 
(GWAS) in Crohn’s disease have demonstrated an 
association with JAK2, TYK2, and STAT3 [ 60 ,  61 ]. 
Further supporting the role of the JAK/STAT 
pathway in IBD are studies which delineate the 
role of the pathway in T cell differentiation [ 62 ,  63 ]. 
In addition, several reports have demonstrated 
activation of STAT3 in IBD [ 64 ,  65 ].  

 Tofacitinib is an oral selective JAK inhibitor, 
which inhibits JAK 1 and 3 with reduced inhibi-
tion of JAK2 and TYK2. Tofacitinib has demon-
strated effi cacy in patients with moderate to 
severe rheumatoid arthritis and is currently FDA 
approved for that indication at a dose of 5 mg bid 
[ 66 ]. Clinical trials in rheumatoid arthritis (RA) 
have demonstrated superiority of tofacitinib to 
methotrexate and adalimumab [ 67 ,  68 ]. Studies 
have also demonstrated effi cacy of tofacitinib 
in early phase clinical trials in the treatment of 

psoriasis and prevention of kidney allograft rejec-
tion [ 69 ,  70 ]. 

 In patients with moderate to severe ulcerative 
colitis, a phase II trial demonstrated response rates 
at week 8 with 0.5, 3, 10, and 15 mg of 32 % 
( p  = 0.39), 48 % ( p  = 0.55), 61 % ( p  = 0.1), and 
78 % ( p  < 0.001), respectively, compared to pla-
cebo (42 %). Clinical remission was seen in 13 % 
( p  = 0.76), 33 % ( p  = 0.01), 48 % ( p  < 0.001), and 
41 % (<0.001), respectively, compared to placebo 
(10 %). It is worth noting that a dose- dependent 
increase in LDL and HDL cholesterol was seen in 
this study. In addition three subjects in the study 
who were on 10 mg or 15 mg doses developed 
absolute neutrophil counts <1,500 cells/m 3  [ 71 ]. 
Phase III studies evaluate the effi cacy of tofaci-
tinib 10 mg bid vs. placebo in the induction of 
remission (NCT01465763) and 5 mg bid vs. 
10 mg bid vs. placebo on the maintenance of 
remission in UC are ongoing (NCT01457574). 

 A phase II study was also conducted in subjects 
with moderate to severe Crohn’s disease compar-
ing 1, 5, or 15 mg bid compared to placebo. 
Although there were no differences in clinical 
remission or response at week 4, subjects who 
received 15 mg bid did have reductions in CRP 
and fecal calprotectin indicating biological activ-
ity [ 72 ]. As such, the lack of difference in response 
and remission rates may be explained by the high 
placebo response rates (47.1 %), small sample 
size, or short follow-up interval in this trial. Phase 
II studies to investigate tofacitinib 5 mg bid and 
10 mg bid compared to placebo for induction and 
maintenance therapy in moderate to severe Crohn’s 
disease are underway (NCT01393626 and 
NCT01393899). In addition, a clinical trial is cur-
rently enrolling subjects to examine the effi cacy of 
GLPG0634, a selective inhibitor of JAK1, in 
patients with endoscopic evidence of active 
Crohn’s disease (NCT02049618) [ 73 ].  

    IL-6 Signaling Blockade 

 Interleukin-6 (IL-6) is upregulated in mucosa 
with active infl ammation from patients with 
Crohn’s disease, and blocking IL-6 signaling 
attenuates colitis in murine models [ 74 – 76 ]. IL-6 
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binds to both membrane bound and soluble IL-6 
receptor (IL6R). The IL-6/IL6R complex attaches 
to the transmembrane glycoprotein, gp130, acti-
vating several intracellular pathways involved in 
infl ammation, including JAK1-STAT3 as shown 
in Fig.  4.1 . Because gp130 is expressed on sev-
eral cell types, IL-6 has pluripotent activities. 
Tocilizumab is a humanized antibody to the IL-6 
receptor which has demonstrated effi cacy in 
rheumatoid arthritis, juvenile arthritis, and 
Castleman’s disease [ 77 – 80 ]. In 2004, a random-
ized placebo-controlled trial in active Crohn’s 
demonstrated that 80 % of the patients random-
ized to treatment with 8 mg/kg of the monoclonal 
antibody had a clinical response at 12 weeks 
compared to 31 % of those who received placebo 
( p  = 0.019) [ 81 ]. However, only two of ten 
patients treated with tocilizumab went into remis-
sion, and there were no differences in endoscopic 
or histologic appearance between the groups. 
Although tocilizumab has not been studied further 

in Crohn’s disease, a second monoclonal antibody, 
PF-04236921 was subsequently developed. A 
phase II trial of PF-04236921 in patients with 
Crohn’s disease who have failed anti-TNF ther-
apy is ongoing (NCT01287897). 

 A list of targeted therapies in development for 
Crohn’s disease is listed in Table  4.1 .

        Biosimilars 

  TNF-α  is a proinfl ammatory cytokine overex-
pressed in tissue from patients with active infl am-
mation with Crohn’s disease [ 82 ]. There are 
currently three therapies that target TNF-α 
approved for the treatment of Crohn’s disease in 
the USA: infl iximab, adalimumab, and certoli-
zumab pegol. All three therapies have demon-
strated effectiveness in clinical trials in Crohn’s 
disease [ 83 – 90 ]. An additional monoclonal anti-
body against TNFα, golimumab, is marketed for 

  Fig. 4.1    Potential therapies in IBD targeting cytokine 
signaling and Janus kinase (JAK)–signal transducer and 
activator of transcription (STAT) signaling pathways. 
Reprinted with permission from Macmillan Publishers 

Ltd. Nature Reviews Immunology Neurath, M.F 
Cytokines in Infl ammatory Bowel Disease; 14(5) 329–42. 
Copyright 2014       
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ulcerative colitis [ 91 ,  92 ]. Although not approved 
for the treatment of Crohn’s disease, golimumab 
has also shown effi cacy in other infl ammatory 
conditions, including rheumatoid arthritis, psori-
atic arthritis, and ankylosing spondylitis. As pat-
ents on these biologic therapies will be expiring 
in upcoming years, there is great interest in dupli-
cating the effectiveness of these medications 
through development of biosimilars. 

 “Biosimilar” medications are treatments 
which are comparable to another biological 
medication that is already available for use. In 
contrast to small molecules for which generics 
can be developed, biologic therapies have high 
complexity and require a living organism for 
development. As such, biologics may have 
altered effi cacy secondary to the manufacturing 
process. In order for a biosimilar to be approved, 
both the FDA and European Medicines Agency 
(EMA) require that a biologic be comparable in 
effi cacy, quality, and safety to a reference medi-
cation. Although there are no studies comparing 
the effectiveness of these medications in IBD, 

there was a recently published randomized 
double- blind trial comparing infl iximab to an 
infl iximab biosimilar, CT-P13, in patients with 
ankylosing spondylitis and rheumatoid arthritis 
that demonstrated comparable effi cacy with sim-
ilar immunogenicity [ 93 ,  94 ]. Two manufactur-
ers of CT-P13, Hospira and Celtrion, which 
produce the biosimilars Infl ectra and Remsima, 
respectively, have been approved by the 
EMA. An additional Remicade biosimilar devel-
oped by Samsung Bioepis, SB2, is being studied 
in a phase III trial compared to Remicade in 
patients with rheumatoid arthritis (NC01936181). 
There are also several Humira biosimilars in 
development including GP2017 (Sandoz), SP5 
(Samsung Bioepis), CHS-1420 (Coherus), ABP 
501 (Amgen), PF 06410293 (Pfi zer), BI 695501 
(Boehringer Ingelheim), and others. Trials are 
underway comparing the effectiveness of 
GP2017 in plaque psoriasis (NCT02016105) as 
well as BI-695501 and SP5 in rheumatoid arthri-
tis compared to Humira (NCT02137226, 
NCT02167139).  

   Table 4.1    Targeted pharmacological agents currently in phase II and III trials for Crohn’s disease   

 Name  Target 
 Route of 
administration 

 FDA approved 
for alternative indication 

 Phase of current clinical 
trial in Crohn’s disease 

  Therapies targeting lymphocyte homing, adhesion, and migration  
 Etrolizumab  α 4 β E /α 4 β 7   SC  No  III 
 AMG181  α 4 β 7   SC  No  II 
 PF-00547659  MAdCAM-1  SC  No  II 
 AJM300  α 4   PO  No  IIa completed 
 CCX282-B  CCR9  PO  No  III 
 BMS-936557  IP-10  IV  No  II 
  IL-12/IL23 inhibitors  
 Ustekinumab  IL-12/IL-23  IV/SC  Yes  III 
 Medi-2070  IL-23  IV/SC  No  II 
 BI-655066  IL-23  SC  No  II 
  JAK inhibitors  
 Tofacitinib  JAK1/JAK2  PO  Yes  II 
 GLPG0634  JAK1  PO  No  II 
  Therapies targeting IL-6 signaling  
 PF-04236921  IL-6  SC  No  II 
  Therapies targeting NKG2D  
 NN01420-0002  NKG2D  SC  No  II 
  Therapies targeting IL-21 signaling  
 NNC00114-0006  IL-21  IV  No  II 
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    Stem Cell Therapy 

 Several observational series have demonstrated a 
benefi t from hematopoietic stem cell transplanta-
tion (HSCT) in patients with refractory Crohn’s 
disease [ 95 – 99 ]. A phase I study of autologous 
HSCT in 12 subjects with refractory Crohn’s dis-
ease demonstrated sustained clinical remission in 
11 of 12 patients as defi ned by a CDAI ≤ 150. Of 
these 11 patients, only 1 patient developed recur-
rence with a median follow-up of 18.5 months 
[ 99 ]. A second case series by the same group 
reported longer term follow-up in 24 patients 
with relapse free survival, defi ned as not starting 
medical therapy for Crohn’s disease, as 91 % at 1 
year, 63 % at 2 years, 57 % at 3 years, 39 % at 4 
years, and 19 % at 5 years [ 98 ]. A third case 
series of four patients treated with autologous 
hematopoietic stem cell transplant reported clini-
cal remission in all 4 patients at 3 months with 3 
of 4 patients maintaining endoscopic and clinical 
remission with a median follow-up of 16.5 months 
[ 97 ]. More recently, a phase I/II trial of autolo-
gous peripheral blood stem cell transplantation in 
refractory Crohn’s disease reported similar 
results with fi ve of nine subjects in the cohort 
exhibiting mucosal healing after a mean period of 
9.1 months [ 96 ]. It should be noted in this series 
that in six patients who had disease recurrence in 
follow-up and treated with immunosuppressive 
therapy, only one was subsequently started on 
anti-TNF treatment, potentially indicating 
improved responsiveness to immunosuppressive 
agents post HSCT. 

 Although these small trials have demonstrated 
the effectiveness of HSCT in Crohn’s disease, the 
risks associated with myeloablation limit its use. 
Alternatives to HSCT are use of human placenta- 
derived stem cells and mesenchymal stromal 
cells (MSCs). A phase I trial of two infusions of 
human placenta-derived cells in treatment resis-
tant Crohn’s disease demonstrated clinical effi -
cacy in all six subjects who received a low-dose 
infusions and two of six subjects who received a 
higher dose. The group who received the lower 
dose, however, did have lower CDAI scores and 
CRP at baseline. A phase II trial of human 

placenta- derived cells is currently investigating 
their effi cacy in moderate to severe Crohn’s dis-
ease (NCT01155362). 

 Mesenchymal stem cells (MSCs) are multipo-
tent adult stem cells thought to lack immunoge-
nicity. MSC treatment in refractory graft-vs-host 
disease demonstrated effectiveness in phase I and 
II studies, although a larger unpublished phase III 
trial failed to meet the primary end point at 28 
days [ 100 ,  101 ]. Phase I and II trials investigating 
the use of adipose-derived MSC injection into 
complex perianal fi stulas in patients with Crohn’s 
disease have shown benefi t [ 102 ,  103 ]. In a phase 
II trial, injection of adipose-derived MSC plus 
fi brin glue resulted in fi stula healing in 71 % of 
patients compared to 16 % of patients who 
received fi brin glue alone ( p  < 0.001) [ 103 ]. A 
phase III trial examining intralesional injection 
of adipose-derived MSC compared to placebo in 
patients with fi stulizing Crohn’s disease is ongo-
ing (NCT01541579). In a phase II open-label 
study of MSC in 16 patients with anti-TNF 
refractory endoscopically active luminal Crohn’s 
disease, median CDAI score decreased from 370 
to 203 at 42 days ( p  < 0.0001) with a decrease in 
CDAI after each infusion [ 104 ]. A phase III trial 
evaluating the effectiveness of MSC in patients 
with active luminal Crohn’s disease refractory to 
biologic therapy, however, was recently termi-
nated early secondary to fl aws in trial design and 
a reported high placebo response rate 
(NCT00482092). Results from this study have 
not been published.  

    Therapies Aimed at Altering the Gut 
Microbiome 

 Several studies examining the gut microbiome 
demonstrate signifi cant differences in the compo-
sition of enteric organisms in UC, CD, and nor-
mal controls [ 105 – 107 ]. In addition, enteric 
organisms can induce or protect the host from 
chronic infl ammation in experimental models 
[ 108 – 111 ]. For this reason, there has been inter-
est in altering the gut microbiome as a treatment 
for IBD with probiotics, prebiotics, antibiotics, 
or fecal microbiota transplant. 
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    Antibiotics 

 The majority of trials regarding the use of antibi-
otics in Crohn’s disease have focused on metroni-
dazole and ciprofl oxacin. Although several studies 
have demonstrated improvement in symptoms 
with treatment with ciprofl oxacin and metronida-
zole, the benefi t is modest and their long-term use 
is limited by side-effects [ 112 – 115 ]. Recently, 
rifaximin-extended intestinal release, a minimally 
absorbed broad-spectrum oral antibiotic, was 
studied in a 12-week randomized control trial in 
moderately active Crohn’s disease [ 116 ]. Patients 
who received 800 mg bid had increased in clinical 
remission compared to placebo, although no ben-
efi t was seen with 400 mg bid or 1,200 mg bid. 
Two studies examining 800 mg of rifaximin 
delayed release with or without dose adjustment 
compared to placebo in the treatment of active 
Crohn’s disease were recently initiated 
(NCT02240108, NCT02240121). 

 It has long been hypothesized that a specifi c 
bacteria is the cause of Crohn’s disease. In 1984, 
Chiodini and colleagues isolated  Mycobacterium 
avium  subsp.  paratuberculosis  (MAP) from two 
patients with Crohn’s disease. In this publication, 
mice that were inoculated with the bacteria devel-
oped granulomas in the liver and spleen and a 
goat inoculated with the species developed gran-
ulomatous disease in the distal small bowel [ 117 ]. 
Since that time, there have been several reports of 
 M. avium  subsp.  paratuberculosis  identifi ed in a 
high percentage of patients with Crohn’s disease 
[ 118 – 121 ]. However, many studies have refuted 
these fi ndings [ 122 – 126 ]. In the largest con-
trolled study to examine the effects of antimyco-
bacterial therapy in the treatment of Crohn’s 
disease, Selby and colleagues randomized 213 
patients with Crohn’s disease to a 16-week taper 
of prednisone plus either 2 years of treatment 
with clarithromycin 750 mg/day, rifabutin 
450 mg/day, and clofazimine 50 mg/day or pla-
cebo. Although there were signifi cantly more 
subjects in remission at week 16 who received 
the antibiotic therapy than placebo, the benefi t 
was not seen in follow-up at 1, 2, or 3 years [ 127 ]. 
There were several confounders in this trial 
which may have led to a null result including the 

fact that MAP was not tested at baseline, there 
was an error in some of the clofazimine tablets 
gelatin coating where many patients may not 
have received the intended dose for up to 10 
months, and subjects in the trial on the control 
arm could continue on mesalamine and immuno-
modulator therapy. A phase III trial using 5 RHB- 
104 capsules (clarithromycin 95 mg, rifabutin 
45 mg, and clofazimine 10 mg) in subjects with 
moderate to severe Crohn’s disease is currently 
underway to further investigate the effectiveness 
of antimycobacterial treatment (NCT01951326).  

    Fecal Microbiota Transplant 

 There has been extensive research recently at 
reestablishing a healthy microbial composition 
in the gut as a treatment for patients with Crohn’s 
disease. Numerous studies have examined 
 different probiotics for this purpose. Although 
there have been several published “positive” tri-
als with various probiotic regimens, there has 
not been a consistent benefi t seen in treating 
patients with Crohn’s disease with probiotics 
overall [ 116 ]. For this reason, there has been sig-
nifi cant interest in performing fecal microbiota 
transplantation (FMT) in IBD, which populates 
the recipient with polymicrobial species from a 
healthy individual rather than treating with a 
single organism as occurs with probiotic 
treatment. 

 FMT has garnered signifi cant interest sup-
ported by recent evidence of the effectiveness of 
FMT in  Clostridium diffi cile  infection [ 128 ]. 
Several published and unpublished case reports 
and series have reported on the potential benefi t 
of FMT in IBD [ 129 – 131 ]. Cui and colleagues 
recently published a pilot study where 30 sub-
jects with refractory Crohn’s disease with a sin-
gle FMT by gastroscope from subject identifi ed 
donors. The authors reported 60 % of patients 
were in clinical remission at 1 month which was 
sustained at 6 months [ 132 ]. At Digestive Disease 
week in 2014, two studies reported on FMT in 
patients with Crohn’s disease. Wu and colleagues 
presented a case series of 10 pediatric Crohn’s 
disease patients treated with FMT by nasogastric 
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tube after a bowel cleanout, 3 days of rifaximin, 
and 1 day of omeprazole. Seven patients from 
this cohort were in remission 2 weeks post FMT 
and fi ve were in remission 6 weeks post 
FMT. Although mean fecal calprotectin level 
decreased post-transplant, it remained elevated 
despite the reported clinical improvement 
(614 ± 621 mcg/g at week 0, 496 ± 533 mcg/g at 
week 2, and 430 ± 378 mcg/g at week 6) [ 133 ]. 
A second study in adults with active CD described 
4-week follow-up of eight patients treated with 
FMT by colonoscopic delivery in a prospective 
open-label trial. The authors reported a signifi -
cant decrease in Harvey Bradshaw index, Short 
Infl ammatory Bowel Disease Questionnaire 
(SIBDQ) scores, and CRP at 4 weeks. Five of 
eight patients were in clinical remission at week 
4. There were no SAEs reported in the prelimi-
nary analysis [ 134 ]. Long-term follow-up and 
endoscopic evaluation of these patients is ongo-
ing. In addition, several additional trials examin-
ing the effectiveness of FMT in Crohn’s disease 
are under way (NCT01793831, NCT02199561, 
NCT02097797, NCT02033408).   

    Conclusion 

 Increased understanding of mechanisms of dis-
ease activity in IBD through preclinical and 
genetic association studies has led to the develop-
ment of numerous novel therapeutic agents in 
Crohn’s disease. Although these therapies are 
promising in regard to their therapeutic potential, 
less than half of the patients treated with the 
majority of these agents in early clinical trials 
achieve remission. Accordingly, there is a great 
need for future research to optimize response 
rates through monitoring of drug levels, studying 
the use of combination of these agents in Crohn’s 
disease, as well as identifying patients who are 
most likely to respond prior to initiation of ther-
apy. As technologies to easily obtain large-scale 
genomic data advance, there will be an increas-
ing focus on using gene expression, genetic, 
metabolites, and microbiota data to predict 
response to therapy. This personalized approach 
to the treatment of Crohn’s disease coupled with 

an increasing number of effective therapies is 
likely to greatly improve overall response rates to 
medical therapy while minimizing toxicity.     
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            Introduction 

 With the advent of cross-sectional imaging 
modalities such as computed tomography (CT) 
and magnetic resonance (MR) imaging, the role 
of contrast fl uoroscopy in evaluating Crohn’s dis-
ease has evolved. Because of its limited utility for 
assessing extraluminal disease, fl uoroscopy has 
been largely supplanted by these advanced tech-
niques. However, because of its superior spatial 
resolution and capacity for dynamic and real- 
time evaluation of the alimentary tract, contrast 
fl uoroscopy remains an invaluable tool for the 
gastrointestinal radiologist and referring clini-
cian. In particular, fl uoroscopy (when used with 
enteric contrast agents) provides considerable 
value for delineating complications of Crohn’s 
disease such as fi stulae, strictures, and altered 
motility, while simultaneously offering a nuanced 
view of the mucosal relief. 

 This chapter provides an overview of the fl uoro-
scopic evaluation of Crohn’s disease. Particular 
emphasis will be placed on the information that is 

required by clinicians in order to request the appro-
priate examination and to guide the consulting 
radiologist in tailoring its performance. Additionally, 
an overview of the early and advanced radiologic 
manifestations of Crohn’s disease will be pro-
vided so that the clinician may gain the maximal 
value from the radiologist’s report.  

    Planning the Examination 

 When requesting a fl uoroscopic examination of 
the alimentary tract, it is important to convey 
 certain information to the consulting radiologist 
so that the examination is tailored to address the 
clinical need. At a minimum, the request should 
include: a precise statement of the clinical ques-
tion; a focused patient history including current 
symptoms and prior surgeries, if applicable; and 
whether or not enteric perforation is clinically 
suspected. Additionally, if the patient is known to 
be at risk for aspiration, is incapable of tolerating 
oral intake, or has other potentially relevant con-
ditions (e.g., fulminant colitis that would preclude 
rectal catheterization), then such information 
should be conveyed to the radiologist. 

    Plain Radiographs 

 The initial phase of any fl uoroscopic examination 
of the gastrointestinal tract should consist of one 
or more radiographs of the abdomen. Although 
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plain radiography is not a reliable means of assess-
ing for bowel infl ammation, several important 
pieces of information can be obtained. First, the 
presence of any residual enteric contrast agents 
from prior exams must be accounted for. Second, 
a survey for intestinal obstruction (which may 
infer stricture), pneumoperitoneum (which may 
infer perforation/fi stulization), displaced bowel 
loops (which may infer extraluminal disease such 
as creeping fat, mesenteric phlegmon, or abscess) 
will help to tailor the fl uoroscopic phase of the 
exam. Lastly, the presence of sacroiliitis, renal 
calculi, and other potential extraintestinal mani-
festations of infl ammatory bowel disease should 
be noted (Fig.  5.1 ).   

    Selection of Contrast Agent 

 Enteric contrast agents for fl uoroscopy can be 
broadly classifi ed as agents based on barium 
sulfate and those based on iodine. When there is 
no clinical suspicion for free perforation, 
barium- based agents are preferred due to their 
superior coating of mucosal surfaces and their 
high radiographic conspicuity in the abdomen. 

However, when a perforated viscous is suspected 
(e.g., as in the setting of fi stulizing Crohn’s 
 disease), an iodine-based agent is employed, so 
as to avoid the morbidity associated with barium 
leakage into the peritoneal cavity. Moreover, 
barium can be retained indefi nitely when extrav-
asated into the peritoneum or interstitium, 
thereby compromising the quality of any subse-
quent fl uoroscopic or CT examinations. On the 
other hand, barium is safe when aspirated into 
the lungs, as opposed to iodinated contrast 
agents, which can cause pulmonary edema and/or 
pneumonitis (Fig.  5.2 ).   

    Upper GI Series 

 Fluoroscopic evaluation of the esophagus, stom-
ach, and duodenum (commonly referred to as the 
“upper GI series”) via double-contrast technique 
can be a useful adjunct to upper endoscopy when 
evaluating the mucosa of patients with infl amma-
tory bowel disease. In this protocol, the patient 
fi rst ingests a packet of effervescent granules in 
order to distend the upper alimentary tract with 
carbon dioxide gas. This is followed by several 

  Fig. 5.1    Importance of plain fi lm inspection. 43-year-old 
woman with diarrhea. ( a ) Plain fi lm of the abdomen dem-
onstrates sclerosis of both sacroiliac joints with ill-defi ned 
margins of both the iliac and sacral sides of the joint. The 
patient is known to have Crohn’s disease of the colon 

diagnosed by rectal biopsy. Also note the abnormal colon 
contour ( arrow ). ( b ) Single contrast barium enema delin-
eates the extent of disease with marked mucosal irregu-
larities and diffuse narrowing of the left hemicolon, most 
pronounced along the descending and sigmoid colon       
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large swallows of high-density (250 % weight/
volume) barium sulfate suspension. 

 Initial upright images of the esophagus are 
obtained with the patient standing in a left- 
posterior oblique (LPO) position (in order to pre-
vent radiographic overlap of the esophagus and 
vertebral column). Then, the examination table is 
tilted horizontally, so that the patient comes to 
rest on his or her left side. The patient is instructed 
to roll counterclockwise by 360° in order to coat 
the gastric mucosa with barium, then guided into 
the supine and bilateral oblique positions for spot 
imaging of the gastric and duodenal anatomy. 
The protocol may be enhanced with additional 
spot views and/or cinematic loop acquisitions as 
necessary to depict any abnormalities detected 
during the study.  

    Small Bowel Follow-Through 

 In this examination, the patient ingests approxi-
mately 700–750 mL of medium-density (60 % 
weight/volume) barium sulfate suspension (or 

less, if the study immediately follows an upper 
GI series) and is monitored with serial overhead 
radiographic images as the contrast column tran-
sits through the small bowel to reach the colon. 
As the contrast column advances, periodic 
inspection of individual barium-fi lled bowel 
loops is performed with manual compression. 
Manual compression, in which a radiolucent pad-
dle or spoon is pressed on the abdomen to sepa-
rate overlapping bowel loops for fl uoroscopic 
interrogation, may be performed using a 
quadrant- screening approach or may be reserved 
for suspicious segments detected during the 
exam. Any focal abnormalities are documented 
with magnifi ed spot images; any disorders of 
motility are documented with cinematic loop 
acquisitions. 

 In a comparison of MR enterography, CT 
enterography, and fl uoroscopic small bowel 
follow- through for imaging Crohn’s disease, Lee 
et al. [ 1 ] found no signifi cant differences in sensi-
tivity for detecting active terminal ileitis (67–89 %, 
 p  > 0.05). However, small bowel follow-through 
was of limited utility for detecting extraluminal 

  Fig. 5.2    Infl ammatory polyps in active Crohn’s disease. 
( a ) 32-year-old woman with Crohn’s disease, status post 
partial colectomy with ileocolic anastomosis 5 years previ-
ously, now presenting with abdominal pain and distention. 
Multiple nodular fi lling defects are present in the small 
bowel ( arrowheads ), consistent with infl ammatory polyps. 
Also note the loop separation in the central abdomen 
refl ecting mesenteric fi brofatty proliferation. ( b ) Active 

Crohn’s disease in the terminal ileum and proximal colon. 
24-year-old woman with cramping pain and diarrhea. 
Double contrast enema demonstrates diffusely diseased 
terminal ileum ( arrows ) and right colon with abrupt transi-
tion to a normal left colon. There are multiple colonic 
pseudopolyps, as well as linear and irregular deep mucosal 
ulcers ( arrowheads )       
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manifestations of disease  (sensitivity of 32–37 %) 
and demonstrated only moderate interobserver 
agreement ( κ  = 0.542) as opposed to substantial 
agreement for MR enterography ( κ  = 0.718) and 
near-perfect agreement for CT enterography 
( κ  = 0.812). Nonetheless, because of the comple-
ment of anatomic and function information it pro-
vides, the small bowel follow-through remains a 
staple technique for imaging small bowel disease.  

    Enteroclysis 

 In enteroclysis, fl uoroscopic or cross-sectional 
imaging of the small bowel is preceded by the 
administration of an enteric contrast via a naso-
duodenal or nasojejunal catheter. Either barium 
sulfate or methylcellulose-based agents may be 
used for single-contrast imaging, or they may 
be combined with each other (or with carbon 
dioxide gas) for double-contrast imaging. 

 Double-contrast enteroclysis with barium is a 
highly reliable radiologic method of evaluating 
for small bowel mucosal disease [ 2 ], with a simi-
lar diagnostic yield to capsule endoscopy [ 3 ] and 
the potential to improve the diagnostic yield of 
double balloon endoscopy [ 4 ]. However, despite 
its diagnostic utility, enteroclysis is often reserved 
for special circumstances due to the need for 
transnasal intubation as well as considerable 
patient discomfort that generally requires the use 
of conscious sedation. With regard to Crohn’s 
disease, the situations for which enteroclysis is 
particularly suited include the evaluation of 
occult intestinal bleeding, the differentiation of 
fi brous strictures from transient infl ammatory 
stenosis, and the preoperative assessment of dis-
ease extent [ 5 ].  

    Retrograde Enema Per Ileostomy 

 For patients who have undergone surgical repair 
of Crohn’s disease requiring the formation of an 
ileostomy, the radiologist has the option of per-
forming a retrograde fl uoroscopic evaluation of 
the small bowel as either a substitute for, or sup-
plement to, the anterograde techniques described 

above. Because of its capacity for optimal ileal 
distention, retrograde studies are particularly 
useful for defi ning the intestinal anatomy and 
detecting any abnormalities prior to ileostomy 
takedown [ 6 ]. 

 The retrograde ileostomy enema is typically 
performed using a soft, 18–24 French catheter 
with an infl atable balloon or a cone-shaped tip. 
Although some authors [ 6 – 8 ] recommend gentle 
infl ation of the balloon inside the stoma, in our 
institution this is rarely done. Rather, the catheter 
tip is placed carefully into the stoma as the bal-
loon is infl ated externally, coated with a lubri-
cant, and held fi rmly against the stoma by the 
patient’s gloved hand. In our experience, this pre-
caution minimizes the risk of disrupting the 
stoma or damaging the distal ileum; exceptions 
are made when studying an ileostomy that is 
double- barreled or is vented distally (as by a sec-
ond stoma). 

 As dilute barium suspension is instilled under 
gravity assistance, the patient is turned into a steep 
lateral decubitus position so that the stoma may be 
imaged in profi le as the distal loop traverses the 
anterior abdominal wall; images are obtained both 
pre- and post-evacuation. Additional oblique 
images and spot compression views are obtained as 
indicated. Using similar techniques, Kessler et al. 
[ 6 ] described a positive predictive value of 96 %, 
and negative predictive value of 86 % for detecting 
abnormalities in the small bowel.  

    Fistulogram 

 Enterocutaneous fi stulae may be well delineated 
by administering a contrast agent via the cutane-
ous sinus. In this setting, a small caliber (8 French) 
malleable Foley-type catheter is inserted at the site 
of oozing. To minimize the leakage of contrast 
onto the skin (which could confound the evalua-
tion of subcutaneous disease), the retention bal-
loon may be infl ated externally and held against 
the skin by the patient’s gloved hand. Alternatively, 
if the subcutaneous tract or cavity is large enough 
to accommodate the infl ated retention balloon, 
then this may be performed interiorly. A small 
amount (approximately 10 mL) of water-soluble 
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iodinated contrast is injected via the catheter. 
A magnifi ed spot image is then taken with the 
patient in lateral decubitus position to delineate the 
cutaneous tract in profi le. Additional contrast is 
then slowly injected as the patient is imaged in 
various projections as necessary to delineate all 
sites of enteric communication and extraluminal 
extension. If a small bowel follow-through is to be 
performed during the same visit, the fi stulogram 
should always be performed fi rst, since a hairline 
fi stula and sinus tract may be obscured by super-
imposed intraluminal contrast.  

    Barium Enema 

 Although involvement of the colonic mucosa by 
Crohn’s disease is usually established colono-
scopically, the fi ndings can also be well depicted 
via barium enema. Double-contrast imaging, 
which entails the rectal administration of barium 
and then air, provides superior evaluation of the 
mucosa when compared to single-contrast tech-
niques [ 9 ,  10 ]. 

 When a barium enema is requested, the radi-
ologist should investigate the reason for the 
examination, the patient’s fi tness for participa-
tion in the exam, and the severity of the patient’s 
disease. At the authors’ institution, barium ene-
mas are not performed in any patient with toxic 
megacolon or fulminant colitis due to the risk of 
perforation and bacteremia. Similarly, the barium 
enema is avoided in patients who have undergone 
colonoscopic biopsy within 48 h. 

 Before performing a barium enema, the radi-
ologist should ensure that the patient has under-
gone a mechanical bowel preparation (as by per 
oral magnesium citrate) and is in a fasting state. 
Following a digital rectal examination, a lubri-
cated rectal catheter is inserted. Once the rectum 
has been outlined with contrast, a retention bal-
loon may be infl ated gently. Upon fi lling of the 
descending colon, the patient is rolled by 360° 
and placed into a prone position to fi ll the trans-
verse colon. Subsequently, air is insuffl ated per 
rectum. The patient is then turned into a right lat-
eral decubitus position, then supine to outline the 
ascending colon and hepatic fl exure.   

    Radiologic Manifestations 
of Crohn’s Disease 

 The fl uoroscopic manifestations of Crohn’s 
 disease depend upon a host of factors including 
the acuity and severity of infl ammation, the 
region of bowel involved, and underlying dys-
function from prior insult. The abnormalities 
may be organic (e.g., fold thickening) or func-
tional (e.g., spasm); fl uoroscopy can be used to 
differentiate these etiologies. 

    Early Intestinal Mucosal 
Manifestations of Crohn’s Disease 

 The initial phase of intestinal involvement by 
Crohn’s disease may be depicted fl uoroscopically 
as morphologic changes in mucosal relief, altera-
tions of intestinal fold pattern, and loss of muco-
sal integrity. 

 Normally, the intestinal mucosal villi are 
arranged with a density of 3–7 villi per mm 2  [ 5 ]. 
Early in the infl ammatory process, the villi may 
become variably edematous or atrophied, caus-
ing the intervillous spaces to become irregular. 
This results in a coarsened and granular appear-
ance of the mucosa on double contrast fl uoros-
copy, with a reticular pattern of irregular 
radiolucent foci ranging from 0.5 to 1.0 mm in 
diameter [ 5 ,  8 ]. Although commonly seen in 
early Crohn’s disease, this pattern may also be 
seen in the setting of infection (e.g., Yersiniosis), 
ischemia, and other infl ammatory conditions 
(e.g., radiation enteritis). 

 Lymphatic congestion and infl ammatory exu-
date may result in smooth or nodular thickening 
of the valvulae conniventes. Subsequently, valvu-
lar fusion or morphologic distortion may develop. 
While also nonspecifi c, these fold changes are 
commonly seen in early Crohn’s disease and 
often occur in close proximity to more advanced 
lesions [ 5 ]. 

 Aphthous mucosal lesions are an early 
 manifestation of infl ammation and consist of tiny 
erosions superimposed on hyperplastic lymphoid 
follicles [ 8 ]. Radiographically, aphthous lesions 
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are a 1–2 mm collection of contrast within a 
shallow erosion surrounded by a 5–15 mm radio-
lucent halo of elevated edematous tissue (Fig.  5.3 ). 
Aphthous lesions may be seen in any portion of 
the alimentary tract and occur in a host of infl am-
matory and infectious conditions. However, they 
are most common in the small intestine and may 

be present in as many as 52.5 % of patients with 
Crohn’s disease [ 5 ].  

 Mucosal hypersecretion may result in the 
 dilution and/or fl occulation of the intraluminal 
contrast column. Flocculation, which refers to 
the woolly or cloud-like aggregation of enteric 
contrast, is less commonly seen with modern 
contrast agents due to the inclusion of stabilizing 
additives that prevent the barium particles from 
clumping [ 11 ].  

    Advanced Intestinal Mucosal 
Manifestations of Crohn’s Disease 

 As mucosal erosions progress, they may develop 
into convex ulcerations atop mounds of edema-
tous mucosa. With continued progression the fol-
lowing changes may be seen [ 5 ]: the ulcers take on 
a linear conformation, typically only 1–2 mm 
wide and extending up to 15 cm in length. 
Typically, they form along the mesenteric margin, 
coursing parallel to the intestinal long axis; the 
subjacent mesentery becomes thickened and rigid 
due to transmural infl ammation. The antimesen-
teric side is often free of ulcerations; because it 
maintains its pliability, the antimesenteric side 
may appear sacculated when compared to the 
contracted and rigid mesenteric side (Fig.  5.4 ). 

  Fig. 5.3    Aphthous lesions. 34-year-old woman with diar-
rhea. Double contrast barium enema demonstrates diffuse 
aphthae throughout the colon ( arrowheads ) manifesting 
as shallow erosions surrounded by a zone of edema       

  Fig. 5.4    Crohn’s disease 
of the duodenum, with 
sacculations. 30-year-old 
woman with diarrhea. 
Upper GI study demon-
strates a diffusely diseased 
duodenum with areas of 
focal dilation ( arrows ) 
consistent with saccula-
tions. Additionally, there 
are several ulcers 
( arrowheads ) and 
discontinuous segments of 
focal narrowing       
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However, in time, the disease will progress trans-
axially to involve the mucosa circumferentially.  

 As deep longitudinal, oblique, and transverse 
linear ulcers intersect, broad areas of mucosal 
denudation are seen. Extant islands of edema-
tous mucosa, commonly referred to as “pseudo-
polyps,” may mimic the appearance of nodules 
protruding beyond the mucosal surface 
(Fig.  5.2b ). Pseudopolyps should be distin-
guished from true infl ammatory polyps, which 
occur when focal infl ammatory cellular infi ltrate 
and edema cause the involved mucosa to project 
above the level of the neighboring mucosa [ 12 ]. 
On contrast fl uoroscopy, infl ammatory polyps 
will appear as multiple small, rounded luminal 
fi lling defects (Fig.  5.2a ) [ 13 ]. 

 The coexistence of regional mucosal denuda-
tion and pseudopolyps gives rise to the character-
istic “cobblestone” appearance of advanced 
Crohn’s disease (Fig.  5.5 ). On contrast fl uoros-
copy, cobblestoning appears as large and irregular 
regions of mucosal ulceration with interspersed 

pseudopolyps of variable size and shape. The 
involved segment of bowel may demonstrate 
reduced pliability and luminal narrowing [ 5 ,  8 ].   

    Fibroinfl ammatory Stenosis 
in Advanced Crohn’s Disease 

 Intestinal pliability may be compromised in 
advanced Crohn’s disease by any combination of 
fi brosis, infl ammatory infi ltration, and spasm. 
Because infl ammatory stenosis and spasm may 
be amenable to medical therapy, whereas fi brous 
stricture generally requires surgical repair, the 
radiologist is often called upon to help distin-
guish between these entities. 

 On contrast fl uoroscopy, both infl ammatory 
stenosis and fi brous stricture will appear as lumi-
nal narrowing; the classic “string sign” describes a 
thin column of intraluminal barium within the 
 narrowed segment of bowel that resembles a 
frayed string (Fig.  5.6 ). The key to differentiating 

  Fig. 5.5    Crohn’s ileitis with cobblestone confi guration. 
23-year-old woman with chronic diarrhea, malnourish-
ment, and evidence of enteric blood loss. Small bowel fol-
low-through shows loop separation due to severe mural 
edema as well as transverse ( arrowhead ) and linear ( arrow ) 
ulcerations involving the distal ileum. The coexistence of 
pseudopolyps produces the characteristic cobblestone 
appearance       

  Fig. 5.6    Frayed string appearance. 22-year-old woman 
with chronic diarrhea diagnosed with Crohn’s disease. 
Small bowel follow-through shows contrast traversing a 
diffusely narrowed segment of distal ileum, resembling 
the appearance of a frayed string ( arrow ). Note the eccen-
tric involvement of the bowel wall, with sacculations 
along the antimesenteric margin ( arrowheads )       
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stricture from other causes of luminal narrowing is 
the careful monitoring of luminal distensibility 
during enteroclysis or small bowel follow- through 
with paddle compression, glucagon, and/or meto-
clopramide administration: in fi brous stricture, 
luminal distensibility is lost (Fig.  5.7 ); in spasm, 
distensibility is preserved; in infl ammatory steno-
sis, distensibility should remain at least partially 
intact. When signifi cant infl ammation is present, 
wall thickening may be appreciable as abnormal 
separation of bowel loops. When the narrowing is 
due to spasm, the diameter of the lumen will vary 
during real-time fl uoroscopic monitoring.    

    Mesenteric Involvement 
and Perforating Disease 

 Although plain radiographs and contrast fl uoros-
copy are relatively insensitive for detecting 
extraenteric manifestations of infl ammatory 
bowel disease, infl ammatory mesenteric infi ltra-
tion and/or “creeping fat” may be suspected when 
contrast-fi lled bowel loops appear abnormally 
separated (Figs.  5.2  and  5.5 ). In contrast, reactive 

fi brosis in the mesentery may result in kinking 
and fi xation of the neighboring small bowel 
loops. Of note, these fi ndings are nonspecifi c and 
may seen in variety of infi ltrative and fi brotic 
conditions, respectively. 

 The presence of fi stulae and/or sinus tracts from 
transmural Crohn’s disease may be depicted by 
contrast fl uoroscopy as extension of contrast agent 
beyond the expected boundaries of the intestinal 
lumen. In the case of fi stulization, the tract may 
communicate between two epithelium- lined organs, 
in which case it is termed an “internal” fi stula 
(Fig.  5.8 ), or it may communicate with the skin sur-
face, in which case it is termed an “external” fi stula 
(Fig.  5.9 ). Sinus tracts, on the other hand, generally 
terminate in a  blind- ending fashion.   

 Roughly 20 % of patients with Crohn’s dis-
ease will eventually develop an abscess. Typically, 
these abscesses are a consequence of perforating 
disease but they also may occur as a complication 
of colonoscopy or surgery. Barium studies are of 
limited sensitivity for detecting extraluminal dis-
ease [ 1 ], but may demonstrate extraluminal con-
trast agent, extraluminal gas, and/or displacement 
of edematous bowel loops (Fig.  5.10 ).    

  Fig. 5.7    Stenotic phase of Crohn’s disease. 42-year-old 
man with 12-year history of Crohn’s disease, multiple 
bouts of intestinal obstruction, and no prior surgeries. 
There is marked dilation of the jejunum with short 

 segments of stenosis. Images taken at ( a ) 30 min and ( b ) 
1 h post-ingestion show marked hypomotility due to 
severe stricturing and near-obstruction       
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    Summary 

 Although advanced imaging techniques such as 
CT and MR have become the mainstay of imaging 
Crohn’s disease, diagnostic fl uoroscopy remains 
an invaluable component of the surgeons’ and 
radiologists’ repertoire for evaluating complex 
patients with Crohn’s disease. Because the exact 
protocol for fl uoroscopic evaluation of the alimen-
tary tract is customized to address the clinical 
question, clear communication between the clini-
cian and radiologist is necessary to achieve an 
optimal diagnostic result.     
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          Introduction 

 Diagnosis of Crohn’s disease (CD) relies on a 
combination of endoscopy, imaging, and patho-
logic examination. Imaging is used to suggest the 
diagnosis of CD, document the distribution of 

disease, assess activity, and detect complications. 
Imaging is also useful to suggest alternate diag-
noses in patients suspected of having CD. 

 Traditionally, enteroclysis and barium follow 
through of the small bowel have been used to 
image patients with CD. However, these studies 
fail to detect extraluminal pathology and offer 
limited sensitivity due to overlapping of bowel 
loops. Cross-sectional imaging techniques such 
as computed tomography (CT) and magnetic 
resonance (MR) enterography are now more 
commonly employed in the evaluation of CD. 

 The American College of Radiology (ACR) 
Appropriateness Criteria ®  has deemed CT enterog-
raphy (CTE) to be the preferred investigation for 
Crohn’s disease, and MR enterography (MRE) is 
deemed equivalent to CTE in most of the clinical 
settings [ 1 ]. The choice of investigation varies 
with the institutional preferences and resources. 

 An ideally performed enterography study pro-
vides exquisite details of the intestine. However, 
like any other investigations both CT/MR 
enterography have their own limitations and pit-
falls. Signs of very early (mucosal) disease, and 
subtle lesions or mural infl ammation may be 
overlooked on both studies. Moreover, some 
fi ndings like mural hyperenhancement without 
skip areas remain nonspecifi c. Rectal involve-
ment may be diffi cult to differentiate from any 
other infl ammatory disease or cancer. 

 Radiation exposure with CTE remains the 
major concern. Most of the patients with Crohn’s 
disease are young and undergo multiple imaging 
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studies during their lifetime and cumulative radi-
ation dose can be substantial. Increased radiation 
dose predisposes them to radiation induced can-
cers. Investigations without radiation exposure 
are therefore preferred to image these patients. 

 MR has recently emerged as the preferred 
investigation to evaluate infl ammatory bowel dis-
ease due to the lack of radiation and high accuracy. 
It offers equivalent sensitivity to CTE with several 
distinct advantages, including better delineation 
between acute and chronic disease, superior 
assessment of perianal disease, and the ability to 
dynamically image bowel peristalsis. However the 
high cost of MR equipment and lack of availability 
and expertise may prove to be prohibitive.  

    Imaging Techniques 

 The following essentials should be met while 
performing a high quality enterography examina-
tion on CT or MR: (1) appropriately distended 
intestinal lumen with large volumes of neutral 
oral contrast, (2) rapid intravenous contrast 
exploiting the luminal and mural details in 
“enteric phase” (45–50 s delay), (3) pharmaco-
logical manipulation to decrease peristalsis, and 
(4) multiplanar reconstruction. 

 Ideally, a fasting state for 4 h before the exam-
ination is recommended. CTE takes less than 
10 min to acquire all images, whereas MRE may 
take 30–45 min depending on the protocol. The 
patient may resume their normal diet and activi-
ties after the study is completed. 

    Oral Contrast 

 Oral contrast is used to distend the small bowel 
so that it can be adequately evaluated. 

 VoLumen (0.1 % wt/vol barium sulfate sus-
pension) (Bracco Diagnostics, Inc., Princeton, 
NJ) is widely used for this purpose. Other avail-
able options may include methylcellulose, water, 
mannitol, and sorbitol. To achieve optimal bowel 
distension, the patient should drink 500 ml of 
VoLumen 2 h before, 500 ml 1 h before, and 
500 ml 30 min before the exam. 

 Diluted 0.1 % wt/vol barium sulfate suspen-
sion provides a negative luminal contrast on 
CTE. However, it acts like a biphasic agent on 
MR and demonstrates high signal on T2-weighted 
images and low signal on T1-weighted images 
[ 2 ]. As such, biphasic oral contrast material 
serves as a positive contrast agent on T2-weighted 
images for detection of fold thickening while, as 
a positive contrast agent on post-contrast 
T1-weighted images, and does not obscure subtle 
mucosal enhancement of the GIT [ 2 ]. 

 To minimize degradation of images by peristal-
sis, 0.5 mg Glucagon can be administered intra-
muscularly 10 min before beginning the exam and 
0.5 mg intravenously 10 min before injecting 
gadolinium for the dynamic phase acquisition. 
Alternatively, Scopolamine (Hyoscine) can be 
used for the same purpose.  

    Patient Position 

 Prone positioning for enterography is believed to 
result in better distension of the bowel lumen and 
greater separation of bowel loops. It also decreases 
the number of sections required to image the bowel 
during a coronal acquisition, resulting in decreased 
scan time and hence, better images [ 2 ]. However, a 
prone position is inconvenient or impossible for 
some patients, including acutely ill patients, 
patients with stomas and those with entero-cutane-
ous fi stulae. One study that compared the prone 
versus supine position of patients in MR imaging 
of the small bowel found signifi cantly better dis-
tension of the small bowel with prone imaging, but 
no signifi cant difference in detection of small 
bowel pathologies in the two positions, suggesting 
that either position can be utilized reliably [ 3 ].   

    CTE Protocol 

 CTE is globally performed to diagnose and stage 
Crohn’s disease. Combination of oral and IV con-
trast and multiplanar reconstruction renders out-
standing tissue detail and visualization of 
enhancing small bowel wall and infl ammation. 
Appropriate windowing [liver-type (W215, L135) 
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or “enterographic type” settings (W430, L155)] 
have been recommended while interpreting CTEs 
to avoid errors and pitfalls [ 4 ]. Moreover, meticu-
lous technique and timing are mandatory to per-
form high quality examinations. Thin (≤3 mm) 
images are preferred to reconstruct multiplanar 
images. Contrast enhanced images can be 
acquired in enteric (45–50 s delayed) phase, when 
peak small bowel enhancement is achieved [ 5 ,  6 ]. 
To obtain high quality coronal images a minimal 
detector confi guration (<1 mm) is recommended. 
Automatic exposure control and lower tube volt-
ages can be used to decrease radiation dosage [ 7 ].  

    MRE Protocol 

 MRE has gained tremendous popularity as an 
investigation of choice to evaluate small bowel 
pathologies and evolved as a preferred investiga-
tion to evaluate Crohn’s disease in the last decade 
[ 8 ]. MRE protocol varies from institution to insti-
tution; a combination of axial and coronal T1- 
and T2-weighted sequences with and without fat 
suppression should be used for MR imaging of 
CD. Cine loops, steady state free precession 
(SSFP), and diffusion weighted imaging are often 
used to complement T1- and T2-weighted 
sequences. Coronal images should utilize a large 
fi eld of view (FOV) so as to include the entire 
bowel. Fat suppressed T1-weighted images 
should be obtained after injection of gadolinium 
to detect bowel wall hyperenhancement. 

  Steady state free precession images : Fast gradient 
echo sequences employing steady state free pre-
cession (SSFP) are an important component of 
MR enterography, typically obtained both in the 
coronal and axial planes. This sequence is 
acquired very rapidly during a single breath-hold, 
thus minimizing motion artifacts and optimizing 
contrast between the distended bowel lumen and 
bowel wall [ 9 ]. However, SSFP sequences con-
tain mixed T1/T2 signal, which limits their 
assessment for bowel wall and mesenteric edema. 
Another disadvantage is the presence of the black 
boundary artifact, which may obscure small 
lesions and preclude assessment of true bowel 

wall thickness [ 9 ]. The single shot fast spin echo 
(SSFSE) sequence is also an ultrafast acquisition 
in which the entire abdomen is acquired in a sin-
gle excitation pulse. This is done by applying a 
series of 180° pulses after the initial 90° excita-
tion pulse. As with SSFP sequence, SSFSE 
sequence also provides rapid images and has 
lesser susceptibility artifact [ 10 ]. 

  T2-weighted images : Although more susceptible to 
motion artifact, T2-weighted sequences can depict 
bowel wall and mesenteric edema, bowel wall 
thickening, mucosal ulcerations, and fl uid collec-
tions [ 2 ]. Utilizing fat suppression also allows for 
differentiation of bowel wall edema of acute dis-
ease from fatty infi ltration seen in chronic disease, 
as the former does not demonstrate suppression on 
fat saturated images, while the latter does [ 2 ]. 

  Diffusion weighted images : Diffusion weighted 
imaging (DWI) relies on the Brownian motion of 
water to provide a valuable complementary means 
for assessing for the presence of infl ammation. Free 
breathing diffusion sequences are often acquired at 
three different  b  values (0, 100 and 800 s/mm 2 ). In 
order to image both the abdomen and pelvis, images 
are obtained in two different acquisitions [ 11 ]. 

  Cine loops : For cine imaging, T2 weighted SSFSE 
images are obtained in the same coronal plane one 
after the other in a sequential manner from anterior 
to posterior. These images help differentiate peristal-
sis from focal bowel strictures. It is also possible to 
differentiate between infl ammatory narrowing and 
fi brotic narrowing using cine imaging. A fi brotic ste-
nosis will be of a persistently narrow caliber, while in 
the case of infl ammatory stenosis, the degree of nar-
rowing will vary with peristalsis [ 8 ]. The balanced 
SSFSE sequence can be used to perform cine imag-
ing. It has a high signal-to-noise ratio and a mixed T1 
and T2 weighted contrast. This sequence is acquired 
in the form of different coronal slabs to encompass 
the entire bowel. Multiple images are acquired of 
each slab so that they can be viewed one after the 
other to provide a cine loop [ 12 ,  13 ]. 

  Dynamic gadolinium enhanced images : Coronal 
and axial spoiled gradient echo T1-weighted 
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images should be obtained with fat suppression 
after intravenous injection of gadolinium [ 13 ]. 
This sequence allows for detection of hyperen-
hancing bowel, mesenteric hypervascularity, or 
rim-enhancing fl uid collections [ 14 ].  

    CTE Versus MRE 

 Selection of an appropriate imaging investigation 
remains controversial, and a great number of vari-
ables are considered before an investigation is 
selected. Both CTE and MRE perform similarly in 
evaluating Crohn’s disease. MRE is the modality of 
choice when imaging perianal fi stula or assessing 
response to therapy. Moreover, MRE can be a viable 
alternative to CTE when impairment of renal func-
tion, contrast allergy, or pregnancy is a concern. CTE 
remains the investigation of choice if there is concern 
of sepsis or patients with history of claustrophobia or 
implantable devices. In general, CTE is preferred by 
certain institutions because it is readily available and 
costs less than MRE. However, increasing availabil-
ity of MRE, better (or at least similar) diagnostic per-
formance, and lack of radiation make MRE a 
preferred investigation in general. In our institution, 
almost all patients (with a few exceptions) with 
Crohn’s disease are evaluated with MREs.  

    Imaging Features 

 CD can involve any part of the GIT, but the most 
common site is the terminal ileum near the ileo-
cecal (IC) junction. Skip lesions may be seen in 
CD, with a segment of normal bowel intervening 
between segments of infl amed bowel, which can 
be a key feature distinguishing CD from UC. MR 
features can differ in acute and chronic disease. 
However, an overlap of acute and chronic imag-
ing features is not uncommon [ 15 ]. 

    Acute Disease 

 A number of intra- and extra-luminal fi ndings are 
characteristic of active disease. Mucosal infl am-
mation may cause ulcerations, which may be 
aphthoid, transverse, or longitudinal. A combina-

tion of transverse and longitudinal ulcers pro-
duces the characteristic “cobblestone” pattern 
described in CD [ 14 ]. The early disease often 
requires a dedicated mucosal study with proper 
bowel distension. However, CT scan is often nor-
mal when disease is confi ned to the mucosa. 
Infl ammatory and post-infl ammatory pseudo- 
polyps may be seen on CT or MR. 

 On MRE, ulcers are best detected on the bal-
anced SSFP sequence, as the hyperintense fl uid 
in the ulcer lumen contrasts well against the 
hypointense bowel wall. Linear ulcers appear as 
high intensity linear areas in the bowel wall. 
Cobblestoning caused by a combination of linear 
and transverse ulcers may also be best depicted 
on this sequence [ 16 ]. Mucosal infl ammation 
may manifest as mucosal hyperenhancement rel-
ative to the submucosa and also compared to 
adjacent normal bowel loops. 

 When the infl ammation extends transmurally, 
there is thickening of the bowel wall greater than 
3 mm. However, the small bowel must be well 
distended for accurate evaluation of the wall 
thickness [ 17 ]. 

 As described earlier, the T2-weighted sequences 
should be used to measure bowel wall thickness 
rather than SSFP sequence due to the presence of 
the black border artifact in the latter sequence. In 
isolation, wall thickening is  nonspecifi c and may 
refl ect infl ammatory edema, fi brosis, or fatty infi l-
tration. These are differentiated on MRE based 
upon the signal intensity characteristics of the 
bowel wall on all of the pulse sequences. 

 Bowel wall edema is indicative of active 
infl ammation in the bowel wall and manifests on 
T2-weighted sequences as high signal intensity 
in the normally hypointense bowel wall (Fig.  6.1 ). 
This signal is not suppressed on fat saturated T2 
weighted images and usually becomes more con-
spicuous (Fig.  6.2 ). Hence, the fat saturated 
T2-weighted sequence may be used to differenti-
ate edema from fatty infi ltration [ 18 ]. An actively 
infl amed bowel wall has increased cellularity due 
to infi ltration by infl ammatory cells. As a result, 
DWI demonstrates restricted diffusion in actively 
infl amed bowel segments (Fig.  6.3 ). Furthermore, 
quantitative apparent diffusion coeffi cient (ADC) 
values have been shown to be signifi cantly lower 
in actively infl amed bowel compared to normal 
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bowel loops [ 11 ]. For both adult and pediatric 
patients, restricted diffusion in the bowel wall 
has been shown to correlate well with traditional 
MR enterography fi ndings of active infl amma-
tion [ 19 ]. DWI has also been shown to be more 
sensitive than dynamic contrast enhanced MR 
imaging in differentiating infl amed small bowel 
from normal bowel in CD, highlighting its key 

role in the MRE examination and also offering 
signifi cant potential value for patients who can-
not receive intravenous contrast [ 11 ].    

 Characteristic bowel wall enhancement pat-
terns are observed in CD. Enhancement of bowel 
loops suspected to be involved should be com-
pared with adjacent bowel loops which are nor-
mal in appearance. 

 Mucosal hyperenhancement is visualized in 
active disease (Fig.  6.4 ). Another pattern that 
may be visualized in active disease is mural strat-
ifi cation or the so-called target or double halo 
pattern of enhancement, which is created by 
enhancement of the mucosal and muscular layers 
with an intervening non-enhancing submucosal 
layer (Fig.  6.5 ) [ 20 ].   

  Fig. 6.1    Acute bowel wall edema. T2 weighted coronal 
image shows bowel wall thickening with T2 intermediate 
signal in the bowel wall ( arrow )       

  Fig. 6.2    Acute bowel wall edema. T2 weighted fat satu-
rated coronal image of same patient as fi gure shows per-
sistence of hyperintense signal in the bowel wall ( arrow ) 
with fat suppression indicating that it is due to edema 
rather than fat infi ltration       

  Fig. 6.3    Restricted diffusion. Diffusion weighted axial 
images with a b value of 0 s/mm 2   (a) and 800 s/mm 2  (b) 
demonstrate restricted diffusion in the terminal ileum 
( arrows ) evident as increased hyperintense signal with a b 
value of 800 s/mm 2 . In contrast, signal of fl uid in normal 
bowel loops ( double arrows ) is suppressed with b value of 
800 s/mm 2        

 

 

 

6 Diagnostics: Body Imaging



80

 Good distension of the bowel is essential for 
accurate assessment of wall enhancement as col-
lapsed loops of bowel may both mask and mimic 
disease [ 21 ]. 

 For infl amed segments of bowel, correspond-
ing changes are also visualized in its mesentery. 
This includes mesenteric edema and engorge-

ment of mesenteric vessels [ 20 ]. Mesenteric 
edema implies active infl ammation with high 
signal intensity on T2-weighted images 
(Fig.  6.6 ) [ 20 ]. Mesenteric edema often coexists 
with other signs of active disease, such as the 
“comb sign,” mural stratifi cation, and bowel 
wall edema. The “comb sign” refers to the 
increased vascularity in the small bowel mesen-
tery supplying the affected segment of the bowel 
[ 18 ,  22 ] and is best appreciated on SSFP and 
contrast enhanced T1-weighted images (Fig.  6.4  
and  6.7 ). Prominent or enlarged lymph nodes 
may also be seen in the mesentery, often demon-
strating prominent enhancement on post-con-
trast images in active disease (Fig.  6.8 ) [ 23 ].     

    Chronic Disease 

 The differentiation of acute and chronic disease 
is important, as the management differs mark-
edly. While acute disease is treated medically, 
surgery is often required in chronic disease, par-
ticularly in the context of strictures and obstruc-
tion [ 8 ]. Chronically fi brotic bowel may appear 
thickened, but lack the T2 hyperintensity and 
mesenteric hypervascularity seen in acutely 
infl amed bowel [ 18 ]. Reduced motility of the 
involved segment might be appreciated on cine 
MR images. Sometimes, bowel wall thickening 

  Fig. 6.4    Mucosal enhancement. Post gadolinium T1 
weighted coronal image shows mucosal enhancement of 
the small bowel ( double arrows ) seen in acute CD. Also 
seen is increased vascularity in the mesentery supplying 
this segment of small bowel, i.e. combs sign ( arrows )       

  Fig. 6.5    Stratifi ed 
enhancement of the small 
bowel. Post gadolinium T1 
weighted axial image 
shows enhancement of the 
mucosal and serosal layers 
of the terminal ileum 
separated by a relatively 
hypoenhancing submucosa 
( arrow ) giving rise to the 
stratifi ed pattern of bowel 
wall enhancement seen in 
acute CD       
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may be due to acute or chronic infl ammation. In 
these cases, there is intense mucosal enhance-
ment with relatively non-enhancing submucosa 
and muscularis layers. The T2 signal in the 
bowel wall is decreased [ 24 ]. In chronic disease, 
there may be deposition of fat tissue in the seg-
ment of bowel involved by CD. However, this 
fi nding is not specifi c to CD, as it may be seen 
in many other diseases and even in normal 

individuals  [ 2 ]. Fatty infi ltration of the bowel 
may mimic acute bowel wall edema, as both of 
these appear hyperintense on T2 weighted 
images. However, these can be easily differenti-
ated on fat saturated T2 weighted sequences 
[ 18 ]. Chronic fi brostenotic disease may be char-
acterized by a stratifi ed or homogenous transmu-
ral pattern of enhancement [ 8 ]. 

  Fig. 6.6    Mesenteric edema in acute CD. Fat saturated T2 
weighted coronal image demonstrates T2 hyperintense 
signal in the mesentery ( arrow ) that represents mesenteric 
edema       

  Fig. 6.7    Combs sign of acute CD. T2 weighted coronal 
image demonstrates prominence of mesenteric vessels 
(combs sign) ( black arrow ) in the mesentery supplying an 
involved segment of small bowel ( white arrow )       

  Fig. 6.8    Mesenteric 
lymphadenopathy. Post 
gadolinium T1 weighted 
axial image shows an 
enhancing enlarged 
mesenteric lymph node 
( arrow ). These are seen in 
acute CD       
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 Fibrosis in the bowel wall develops in 
chronic disease. If there is sparing of the 
antimesenteric bowel, asymmetric fi brotic 
shortening of the mesenteric bowel wall may 
cause formation of pseudodiverticula or pseu-
dosacculations [ 8 ] due to asymmetric fi brosis 
of the mesenteric part of the small bowel cir-
cumference, with relative sparing of the 
antimesenteric portion (Fig.  6.9 ). Progressive 
shortening of the length of the small bowel seg-
ments on the mesenteric side results in abnor-
mal ballooning of the uninvolved antimesenteric 
side [ 25  ]. These are called pseudodiverticula 
because they contain all of the layers of the 
bowel wall, unlike true diverticula visualized in 
the colon, which are comprised of only the 
mucosal layer. 

 Fibrofatty proliferation in the mesentery is 
visualized in long-standing disease (Fig.  6.10 ). It 
produces a mass effect on the mesenteric vascu-
lature and the bowel loops and sometimes com-
pletely surrounds the bowel circumference. 
Fibrofatty proliferation is considered to be a spe-
cifi c fi nding of CD [ 2 ,  25  ].  

    Complications 

 Luminal narrowing and intestinal obstruction 
may be seen in both acute and chronic CD and 
can be a result of bowel wall thickening, infl am-
matory edema, or fi brosis [ 2 ]. A stricture refers to 
narrowing of the caliber of the bowel lumen, 
which can be secondary to acute edema or 
chronic fi brosis. This is an important distinction 
as infl ammatory strictures are managed medi-
cally while strictures that are predominantly 
fi brotic are managed surgically. Both infl amma-
tory and fi brotic strictures can be complicated by 
small bowel obstruction if the bowel proximal to 
the stricture dilates to more than 3 cm in diameter 
and there is decompressed bowel distal to the 
stricture (Fig.  6.11 ) [ 8 ,  26  ]. A defi nite transition 
zone may or may not be visualized. 

 Bowel infl ammation may itself extend out of 
the bowel wall in the form of fi stulae and sinuses, 
which is referred to as penetrating disease. 
Fistulae may connect one loop of bowel with 
another (interloop) or may communicate with the 
external skin surface, urinary bladder, or vagina 
(Fig.  6.12 ) whereas sinuses are blind ending 

  Fig. 6.9    Pseudosacculations. T2 weighted coronal image 
shows asymmetric small bowel wall thickening involving 
the mesenteric side of the bowel ( white arrows ) with resul-
tant formation of pseudosacculations on the antimesenteric 
side ( black arrows )       

  Fig. 6.10    Mesenteric fat proliferation. T2 weighted coro-
nal image shows excessive amount of mesenteric fat 
( arrows ) seen in chronic CD. Also seen is bowel wall 
thickening ( double arrows ) of the neoterminal ileum adja-
cent to the ileocolic anastomosis. This represents post-
operative recurrence of CD       
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tracts. Sinuses and fi stula tracts both appear 
hyperintense linear or curvilinear tracts on 
T2-weighted images and enhance on post gado-
linium images [ 18 ]. Other complications of CD 
include bowel perforation, which can lead to 

phlegmon (Fig.  6.13 ) or abscess formation. 
Abscesses appear as rim-enhancing collections 
containing fl uid and air. It is important to identify 
abscesses, as they are a contraindication to 
 anti- tumor necrosis factor therapy and may 
require surgical or percutaneous drainage [ 8 ]. 
CTE remains the investigation of choice if a per-
foration or abscess is suspected in the clinical 
settings of sepsis (Fig.  6.14 ). Perianal disease is 
common in patients with CD and includes fi stula 
in ano and perianal abscess (Fig.  6.15 ) [ 27     ]. 
Perianal fi stulas may be intersphincteric, trans-
phincteric, or extrasphincteric and have similar 
imaging characteristics as fi stulas described 
above. MRE is the investigation of choice to 
evaluate perianal fi stulas.   

    Impact on Patient Care 

 Crohn’s disease activity index (CDAI) has a poor 
correlation with endoscopic disease activity [ 28 ], 
and the addition of enterography (CTE/MRE) 
can signifi cantly impact patient management and 
clinical decisions. 

 Patients with high clinical suspicion of 
Crohn’s disease but normal fi ndings on ileocolo-
noscopy may benefi t from CT/MR enterography 
to identify enteric infl ammation proximal to ter-
minal ileum. Additionally, enterography may 

  Fig. 6.11    CD with bowel stricture and intestinal obstruc-
tion. T2 weighted coronal image shows T2 intermediate 
small bowel wall thickening resulting in a stricture forma-
tion ( long arrow ). There is resultant dilatation of the proxi-
mal bowel ( short arrow ) indicating obstruction       

  Fig. 6.12    Rectovaginal 
fi stula. Post gadolinium T1 
weighted axial image 
demonstrates enhancing 
tract of rectovaginal fi stula 
( short arrow ) connecting 
the vagina ( long arrow ) and 
the rectum ( double arrows )       
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even depict active ileal disease even though 
mucosa is found normal on ileoscopy [ 29 ,  30 ]. 

 It has been shown that the CTE may alter the 
decision to initiate steroids and likelihood of ben-
efi t in 61 % of the patients [ 31 ]. MRE can be used 
to monitor disease activity or to assess the effec-
tiveness of treatment or interventions [ 32 ,  33 ].  

    Conclusion 

 CD can affect any part of the GIT, with the termi-
nal ileum being the most commonly affected site. 
MR Imaging represents an increasingly employed 
imaging modality in the management of this dis-
ease. Optimal bowel distension is the cornerstone 
for adequate evaluation of the disease. MRI can 
detect the changes of acute and chronic CD, both 
within the bowel and in the mesentery. It can also 
be used to detect complications of the disease.     
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           Crohn’s Disease Diagnostics 

    Endoluminal Evaluation 

 The initial diagnosis and subsequent evaluation 
of infl ammatory bowel disease (IBD) require 
multiple diagnostic modalities.  However, endo-
scopic evaluation is still considered the gold stan-
dard diagnostic test.  Endoscopic evaluation 
includes colonoscopy, esophagogastroduodenos-
copy (EGD), enteroscopy, and capsule endos-
copy.  IBD encompasses Crohn’s disease (CD), 
ulcerative colitis (UC), and IBD unclassifi ed 
(IBDU).  Colonoscopy with ileoscopy is essential 
in the vast majority of CD cases for diagnosis and 
ongoing evaluation.  EGD, enteroscopy, and cap-

sule endoscopy are used in specifi c groups of 
patients with CD.  The role of endoluminal diag-
nostic studies in the initial diagnosis and subse-
quent evaluation of CD will be discussed in detail 
in this chapter. 

    Initial Diagnosis 
 IBD is generally divided into Crohn’s disease 
(CD) and ulcerative colitis (UC). While IBD 
may be evaluated with multiple methods of test-
ing, only endoscopic evaluation allows both 
direct visualization of the gastrointestinal muco-
sal and permits histologic assessment via biopsy 
collection with the exception of capsule endos-
copy which does not allow for biopsy collection. 
Procedures including colonoscopy, ileoscopy, 
esophagogastroduodenoscopy (EGD), enteros-
copy, and WCE enable assessment of distinct 
regions of the digestive tract, and while colonos-
copy with ileoscopy is the gold standard for 
diagnosis of IBD in the majority of patients, 
EGD, enteroscopy, and WCE may be helpful for 
the initial diagnosis of IBD in select 
populations. 

   Colonoscopy with Ileoscopy 
   Role/Indication 
 Colonoscopy with ileoscopy (ileocolonoscopy) 
enables assessment of the colonic mucosa through 
direct endoscopic visualization, allowing evalua-
tion of disease severity, extent, and histologic 
assessment [ 1 ]. Ileocolonoscopy is essential in 
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the initial diagnosis of CD and helpful in differen-
tiating CD, UC, and other pathology that can 
present with similar clinical fi ndings to IBD. 

 The primary initial role of ileocolonoscopy in 
CD is to establish the diagnosis by ruling out 
other causes of symptoms, and differentiating 
CD from UC. Ileocolonoscopy with biopsies is 
the gold standard for diagnosis of CD, and should 
be performed in the vast majority of patients with 
suspected CD [ 2 – 4 ]. Identifying terminal ileitis 
is important for accurate initial CD diagnosis; 
intubation of the terminal ileum should always be 
attempted during the initial assessment of sus-
pected CD, and is possible in 95 % of patients 
with UC and 75 % of patients with CD [ 3 ,  5 ,  6 ]. 
Biopsies during the initial ileocolonoscopy 
should always be obtained from the terminal 
ileum and throughout the colon even if the 
mucosa appears normal.  

   Contraindications and Complications 
 Potential complications of ileocolonoscopy 
include perforation, bleeding, and rarely, post-
polypectomy syndrome and infection. Additio-
nally, complications related to sedation and 
preparation are possible. Perforation is the most 
serious complication, with a high morbidity and 
potential need for surgery and colostomy [ 3 ]. 

 In stable patients with IBD, rates of endoscopy- 
related complications are similar to the general 
population, most commonly bleeding and perfo-
ration. A 2013 study evaluating 685 patients with 
IBD suggests that overall rates of endoscopy- 
related complications for IBD patients are 
1.17 %, compared to 0.96 % in the general popu-
lation. This same study identifi es the lifetime risk 
of complication in IBD patients undergoing 
screening colonoscopy as 12.7 %, compared to 
2.0 % in non-IBD patients [ 7 ]. In the general 
population, the incidence of hemorrhage from 
diagnostic colonoscopy is 0.02 %, and 1.61 % 
with polypectomy, and the overall rate of perfo-
ration is 0.045 % [ 3 ,  8 ]. In one example, Rubin 
et al. (1999) report no episodes of bleeding, per-
foration, postpolyectomy fever, or mortality in a 
series of 151 colonoscopies and 70 polypecto-
mies in patients with IBD [ 3 ,  8 ]. The incidence of 
complications has decreased over time, presumably 

due to advancements in colonoscopy technology 
as well as improved training of endoscopists [ 3 ]. 

 In hospitalized IBD patients, the risk of 
endoscopy- related complication is also similar 
to non-IBD patients. A large retrospective study 
reports colonoscopy perforation rates for hospi-
talized patients with IBD as 1 % compared to 
0.6 % in non-IBD patients [ 9 ]. Certain risk fac-
tors for perforation in severe colitis have been 
identifi ed and include female gender, older age, 
and performing endoscopic dilation [ 9 ,  10 ]. Mini-
mizing air insuffl ation and avoiding advancing 
the scope in a tortuous colon can help reduce 
risk of complications [ 10 ]. Certain populations of 
IBD patients, including those with severe, fulmi-
nant colitis or those with stricture formation, are 
at increased risk of complications [ 3 ]. Although 
the risk of complication is higher, colonoscopy 
may still be performed safely, and endoscopic 
evaluation may provide essential information 
that will affect both surgical and medical man-
agement. However, in emergency settings where 
surgery is indicated urgently (e.g., uncontrollable 
hemorrhage, toxic megacolon, or bowel perfora-
tion) endoscopy often plays a limited role as it 
will not affect the immediate management of this 
group of patients [ 3 ]. 

 In general, endoscopic evaluation can be 
 performed safely and plays a pivotal role in the 
diagnosis and management in the vast majority 
of IBD patients. Endoscopic evaluation in spe-
cifi c scenarios such as complete obstruction from 
strictures or toxic colitis carries higher risks and 
is unlikely to change a patient’s management as 
urgent surgical intervention is often warranted. 
In these patients careful consideration should be 
taken prior to performing ileocolonoscopy, and 
the study should be performed only if the proce-
dure is likely to change the management.  

   Mucosal Appearance and Distribution 
 Although the typical endoscopic appearance of 
CD is described as patchy disease affecting any 
part of the gastrointestinal tract, endoscopic fi nd-
ings in CD vary greatly depending on disease 
activity and duration [ 5 ,  10 ]. Classically, CD 
presents as sections of infl amed mucosa sepa-
rated by areas of normal tissue (skip areas) [ 5 ]. 
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The infl ammation in CD often presents on the 
anti-mesenteric side of the colon, and does not 
generally extend circumferentially [ 5 ]. In early 
disease, lesions present as small, punched out 
ulcers surrounded by healthy mucosa (Fig.  7.1 ). 
The pathogenesis of early lesions involves sub-
mucosal lymphoid follicle expansion that occurs 
before lesions are visualized [ 3 ,  5 ]. These fi nd-
ings are consistent with mild disease. In moder-
ate CD, stellate (star) ulcers form as small 
aphthous lesions coalesce to create larger ulcers 
(Fig.  7.2 ). Submucosal edema and tissue damage 
can cause mucosal cobblestoning, which occurs 
when overlapping linear and transverse ulcers 
are superimposed on relatively normal mucosa 
(Fig.  7.3 ) [ 5 ]. In severe CD, deep serpiginous 
ulcers (Fig.  7.4 ) and large linear ulcers (bear claw) 
(Fig.  7.5 ) may be appreciated. The continuous 
pattern of infl ammation in severe CD may be dif-
fi cult to differentiate from UC, where infl amma-
tory changes are continuous [ 5 ]. In up to 50 % of 
patients with colonic CD, the rectum is spared 
[ 10 ,  11 ]. Infl ammatory pseudopolyps may be seen 
in CD, a fi nding that is also consistent with UC [ 5 , 
 12 ] (Fig.  7.6 ). The afore described mucosal fi nd-
ings are the typical fi ndings in CD patients, but 
they are all nonspecifi c and can be found in other 

disease states. Additionally, CD patients may have 
other mucosal fi ndings not described above.        

   Disease Extent and Severity (Classifi cation) 
 Classifi cation of disease extent and severity facil-
itates assessment of disease prognosis, selection 
of appropriate medical or surgical interventions, 
and determination of cancer risk. It also allows 
clinicians to appropriately counsel patients regar-
ding disease risk and management choices [ 3 ,  13 ]. 
Additionally, changes in endoscopic activity as a 
therapeutic endpoint has gained favor in recent 
years, making endoscopic scoring a growing 
tenet of clinical care [ 14 ]. In the basic sciences, 
classifi cation aids researchers to better under-
stand the pathophysiology of the various mani-
festations of IBD [ 13 ]. 

 Although multiple endoscopic scores have 
been developed and used in clinical practice in 
attempts to more uniformly and objectively 
quantitate disease extent and severity, the Crohn’s 
disease endoscopic index of severity (CDEIS), 
the simple endoscopic score for Crohn’s disease 
(SES-CD), and the Rutgeerts’ score are the only 
scores that have been validated [ 2 ,  15 ]. 

 The CDEIS, developed in the 1980s, classifi es 
disease extent according to the location and type 

  Fig. 7.1    Rectal erosions 
due to mild Crohn’s 
disease as seen on 
retrofl exion during 
colonoscopy          
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of lesions present in the gastrointestinal tract. 
Specifi cally, the CDEIS describes lesions as deep 
ulceration, superfi cial ulceration, surface involve-
ment, or ulcerated surface, and also categorizes 
the location of lesions in the rectum, sigmoid and 
descending colon, transverse colon, ascending 
colon, and ileum. Scores range from 0 to 44, and 
authors recommend that values less than 6 be 

defi ned as endoscopic remission, values less than 
4 be defi ned as complete endoscopic remission, 
and a decrease of 6 or greater points qualify as 
endoscopic response in CD [ 10 ,  15 ,  16 ] (Table  7.1 ).

   Because the CDEIS requires tedious classifi -
cation of endoscopic fi ndings, some clinicians 
prefer the SES-CD, a simplifi ed scoring system 
developed by Daperno et al. [ 14 ]. The SES-CD was 

  Fig. 7.2    Crohn’s disease 
of moderate severity in the 
rectum. Note the stellate 
ulcer ( black arrows ), 
exudate, and friable 
mucosa       

  Fig. 7.3    Mucosal 
cobblestoning due to 
Crohn’s disease as seen 
on colonoscopy       
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found to have superior interobserver consistency 
compared to the CDEIS, and also correlates with 
clinical symptoms and CRP [ 10 ,  14 ] (Table  7.2 ).

   To classify disease extent and severity in the 
post-surgical patient with IBD, the Rutgeerts’ 
score is commonly used. This scoring system 
quantifi es the occurrence of infl ammation, aph-
thous ulcers, and strictures, and also documents 

the extent of disease involvement in the colon 
and terminal ileum [ 10 ,  18 ] (Table  7.3 ).

   One limitation of the above scores is that none 
include classifi cation of upper gastrointestinal 
(UGI) involvement. Endoscopic scores after 
medi cal treatment have been shown to predict 
sustained remission [ 19 ] and are also predictive 
of need for colectomy [ 20 ]. Postoperatively, the 

  Fig. 7.4    Linear and 
serpiginous ulcers due to 
severe Crohn’s disease as 
seen on colonoscopy       

  Fig. 7.5    Large linear ulcer 
due to Crohn’s disease as 
seen on colonoscopy       
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Rutgeerts’ score has been shown to correlate with 
the likelihood of clinically signifi cant recurrent 
CD. However, the endoscopic scores in general 
have not been found to predict clinical response 
to therapy or reliably predict disease prognosis 
[ 5 ,  16 ]. 

 In recent efforts to quantify interobserver 
agreement in endoscopic scoring, interobserver 

agreement for both gastroenterologists experienced 
with endoscopic scoring systems and inexperi-
enced gastroenterologists was good for CDEIS 
and SES-CD scoring systems, and fair for the 
Rutgeerts’ score, while interobserver agreement 
for the Mayo score was poor [ 14 ]. 

 Regarding classifi cation of CD, in 2005 a 
working group of gastroenterologists developed 

  Fig. 7.6    Infl ammatory 
pseudopolyps in the colon 
resulting from chronic 
infl ammation due to 
Crohn’s disease       

   Table 7.1       Crohn’s disease endoscopic index of severity (CDEIS) [ 16 ]      

 Ileum 

 Sigmoid 
and left 
colon 

 Transverse 
colon 

 Right 
colon  Rectum  Totals 

 Deep ulceration 
 0 = absent 
 12 = present 

 Total of line 1 = 

 Superfi cial ulceration 
 0 = absent 
 6 = present 

 Total of line 2 = 

 Surface involved by disease (cm)  Total of line 3 = 
 Surface involved by ulcerations (cm)  Total of line 4 = 

 Total of lines 1 through 4 =  (A)  = 
 Number of segments explored (1–5) =  (n)  = 

 Total  A / n  =  (B)  = 
 If ulcerated stenosis present anywhere add 3 =  (C)  = 

 If non-ulcerated stenosis present anywhere add 3 =  (D)  = 
  Total B + C + D = (CDEIS score)  = 
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the Montreal classifi cation to categorize patients 
with IBD according to clinical, serological, and 
genetic parameters. The classifi cation system 
catalogues disease according to age of onset (A), 
disease location (L), and disease behavior (B) 
[ 21 ]. One study by Magro et al. reports that 
patient stratifi cation according to the Montreal 
Classifi cation may help identify disease pheno-
types that require specifi c therapies; however, the 
predictive value of the Montreal Classifi cation 
requires further investigation [ 22 ].  

   Biopsy Collection During Colonoscopy 
 Biopsy collection is an integral part of the initial 
diagnosis of CD, given that colonoscopy with 
multiple biopsies is the gold standard for diagno-
sis of CD [ 2 – 4 ].    

 During endoscopic evaluation, sampling from 
the entire colon provides more accurate patho-
logic diagnosis than limited biopsy collection [ 23 ]. 
Importantly, even with normal appearing mucosa, 

histologic changes associated with active disease 
may be present. For this reason it is important that 
biopsy specimens be collected from infl amed 
as well as normal appearing mucosa, particu-
larly from the terminal ileum to evaluate for 
small bowel disease [ 5 ,  24 ]. Ideally, biopsy 
sampling should include at least two biopsies 
from the terminal ileum, cecum, ascending 
colon, transverse colon, descending colon, sig-
moid colon, and rectum [ 2 ,  10 ]. Optimal biopsy 
collection is important; Bentley et al. describe 
that expert pathologists correctly diagnose 64 % 
of IBD cases when provided with a full series of 
biopsies as compared to 24 % of correctly diag-
nosed IBD cases when only a rectal biopsy is 
provided [ 23 ].  

   Differential Diagnosis in Colonoscopy 
 As the endoscopic fi ndings of CD are nonspe-
cifi c, differentiating IBD from other disorders is 
essential, especially as infectious diarrhea com-
monly presents with rectal bleeding [ 5 ,  10 ]. Other 
diagnoses in the differential include ischemia, 
diverticulitis, neoplasia, radiation enteritis, and 
drug-induced colitis. Treatments for all of these 
are vastly different making it critical to distin-
guish CD from other causes that can symptomati-
cally present and endoscopically appear similar 
to CD. 

   Infection 
 A thorough evaluation of clinical history, stool 
studies, and endoscopy with biopsies is impor-
tant to differentiate IBD from other causes. 
Various studies have reported that patients with 
suspected IBD may in fact have an infectious 

   Table 7.2    Simple endoscopic score for Crohn’s disease (SES-CD) [ 17 ]   

 Ileum  Right colon  Transverse colon  Left colon  Rectum  Total 

 Presence and size 
of ulcers (0–3) 
 Extent of ulcerated 
surface (0–3) 
 Extent of affected 
surface (0–3) 
 Presence and type 
of narrowings (0–3) 
 Total = 

   Table 7.3    Rutgeers’ endoscopic score: postoperative 
recurrence in the terminal ileum in patients with CD [ 18 ]   

 Endoscopic 
score  Endoscopic fi ndings 

 0  No lesions 
 1  Less than 5 aphthous lesions 
 2  Greater than 5 aphthous lesions with 

normal mucosa between lesions or skip 
areas of larger lesions or lesions 
confi ned to the ileocolonic anastomosis 
(i.e., less than 1 cm in length) 

 3  Diffuse aphthous ileitis with diffusely 
infl amed mucosa 

 4  Diffuse infl ammation with larger 
ulcers, nodules, and/or narrowing 
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cause of symptoms. IBD with super-infection is 
also not uncommon [ 3 ,  25 ]. The majority of cur-
rently available medical therapies for IBD are 
relatively contraindicated in patients with active 
infections, thus ruling out an infectious etiology 
is critical prior to starting IBD specifi c therapy, 
with the exception of mesalamine products, as 
this class of therapy is unlikely to result in com-
plications when given to patients with active 
infection. One prospective study of patients with 
suspected IBD showed that up to 1/3 of patients 
were diagnosed with an infectious cause [ 5 ,  10 ,  25 ]. 
However, another study reports that 20 % of IBD 
patients may have positive stool studies, suggest-
ing that infection and IBD may occur concur-
rently, or that infection may precipitate disease 
exacerbation [ 3 ,  26 ]. 

 Specifi c infections that present with mucosal 
and histologic fi ndings similar to IBD include 
 salmonellosis, shigellosis, campylobacteriosis, 
tuber culosis (TB),  Escherichia coli  infection, yer-
siniosis,  Clostridium diffi cile  infection, gonorrhea, 
 Klebsiella  infection, chlamydiosis, syphilis, schis-
tosomiasis, amebiasis, herpes simplex, cytomega-
lovirus (CMV), and certain fungi [ 10 ]. While 
infectious colitis more often presents with contin-
uous infl ammation, TB, CMV, and yersiniosis 
may present with discrete ulcers with normal 
appearing mucosa adjacent to the ulcers, similar to 
CD [ 10 ,  27 ]. Additionally, infection with  Yersinia , 
 Salmonella , and TB may present with isolated 
ileitis, much like some presentations of CD [ 10 ,  27 ]. 
Endoscopic fi ndings more characteristic of infec-
tion include yellowish, thick, and creamy exudate, 
and intensely erythematous surface mucosa [ 3 ]. 
Differentiation of IBD and intestinal    TB may be 
particularly challenging, but fi ndings including 
longitudinal or transverse ulcers, cobblestone 
appearance, fi xed-open ileocecal valve, and more 
severe infl ammation in terminal ileitis than in the 
cecum favor, but are not defi nitive for a diagnosis 
of CD [ 10 ,  28 ]. CMV is particularly important to 
rule out, especially in more severe disease. One 
study of rectal biopsy results from 62 patients with 
severe IBD reports that 36 % had super-infection 
with CMV [ 29 ]. Conclusively differentiating 
   infectious entero- colitides from IBD can be diffi -
cult as the endoscopic fi ndings can be similar and 

the clinical history, microbiology results, and 
biopsy should always be evaluated in conjunction 
with the endoscopic fi ndings [ 3 ,  5 ]. 

 If an infectious pathogen is identifi ed, even in 
situations thought to be super-infection rather 
than the primary etiology of the patient’s fi nd-
ings, the infectious pathogen needs to be treated 
and removed from the differential diagnosis prior 
to initiating CD specifi c medication. Essentially 
all CD specifi c medications currently available 
cause varying degrees of immune suppression 
and therefore are relatively contraindicated in a 
patient with a suspected or verifi ed infectious 
pathogen.  

   Ischemia 
 Ischemic colitis occurs when blood fl ow to the 
bowel is interrupted, causing colonic infl ammation 
and mesenteric ischemia. Endoscopically, ischemic 
colitis presents with loss of vascularity, erythema, 
granularity, confl uent ulceration, serpiginous ulcer-
ation, longitudinal ulceration, friability, and sub-
mucosal hemorrhage [ 10 ,  30 ]. Segments of acutely 
ischemic mucosa may be abruptly demarcated 
from healthy tissue [ 3 ]. Most commonly affected 
areas correspond with areas along the border of 
colonic tissue supplied by the superior and inferior 
mesenteric arteries, with corresponding endoscopic 
involvement of the cecum and splenic fl exure [ 10 ]. 
Ischemic colitis rarely presents as pancolitis, and 
often spares the rectal area where redundant blood 
supply is protective [ 10 ,  30 ]. Histologic evaluation 
of ischemic areas will reveal iron-laden macro-
phages and submucosal fi brosis [ 10 ,  31 ].  

   Diverticulitis 
 Diverticular disease of the colon may occasion-
ally mimic IBD presenting with segmental colitis 
in areas with diverticula, often referred to as 
 segmental colitis associated with diverticulosis 
(SCAD). However, multiple fi ndings are sugges-
tive of a diagnosis of diverticulitis. Muscular 
hypertrophy is more characteristic of diverticu-
litis, and is an uncommon fi nding in IBD. 
Additionally, the individual orifi ces of diverti cula 
are usually appreciated on endoscopy, and 
biopsy of erythematous regions does not reveal 
infl ammation [ 3 ].  
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   Radiation Enteritis 

 Radiation therapy may cause injury to the gastro-
intestinal tract, the effects of which are depen-
dent on the volume of irradiated tissue as well as 
the total dose of radiation [ 10 ,  32 ]. Chronic radia-
tion injury may present endoscopically as stric-
ture formation, while acute radiation injury more 
likely presents with friability, granularity, pallor, 
erythema, and prominent submucosal telangiec-
tasias [ 10 ,  33 ]. The most common location    of 
radiation injury is in the proximal rectum and dis-
tal sigmoid, although affected regions may vary 
according to the pattern of irradiation [ 3 ]. While 
the fi ndings can be similar to IBD, patients will 
clearly have an antecedent history of signifi cant 
radiation exposure to the affected area of bowel.  

   Drug-Induced Colitis 
 A variety of medications may cause drug-induced 
colitis, nonsteroidal anti-infl ammatory drugs 
(NSAID) being the most common offenders 
[ 10 ]. Endoscopic fi ndings include infl ammation, 
erosions, ulcerations, stricture formation, and 
rarely, neoplastic-like masses [ 10 ,  34 ]. Follow-up 
endo scopy may be helpful to evaluate the colonic 
mucosa after the offending agent has been dis-
continued. Additionally, the use of sodium based 
bowel preparation and NSAIDs may cause 
mucosal changes similar to IBD, and it is recom-
mended that these be avoided prior to diagnostic 
colonoscopy [ 35 ,  36 ].   

   Differentiating UC and CD 
 Certain disease characteristics help to classify 
IBD into CD and UC; however, signifi cant over-
lap in disease presentation may complicate defi n-
itive diagnosis [ 2 ,  5 ]. While select endoscopic 
fi ndings may favor one disease over the other, no 
endoscopic fi nding is specifi c only to UC or CD 
[ 2 ]. Endoscopy alone is limited in its ability to 
positively differentiate between the two condi-
tions; however, obtaining detailed information 
from an initial ileocolonoscopy is important 
given that once therapy is initiated, certain 
 discriminating factors may be obscured because 
of mucosal improvement or healing [ 35 ,  37 ] 
(Table  7.4 ).

   As discussed earlier, the endoscopic presenta-
tion of CD changes according to disease activity 
and duration [ 5 ]. Early CD presents as skip areas 
with small aphthous ulcers surrounded by healthy 
mucosa that may occur anywhere in the gastroin-
testinal tract. Comparatively, the infl ammatory 
changes in early UC characteristically present 
above the anorectal junction and extend proxi-
mally. The pattern of infl ammation in UC is con-
fl uent and continuous, and appears as diffuse 
erythema and vascular congestion [ 3 ,  10 ]. In UC, 
progressive edema results in a fi ne granular 
appearance of the colon mucosa that is friable 
and bleeds easily with contact [ 3 ]. Additionally, 
the infl ammatory pattern in CD tends to appear 
on the anti-mesenteric side of the colon, whereas 
UC presents circumferentially [ 5 ]. 

 Moderate CD presents with larger lesions due 
to the coalescence of smaller aphthous ulcers, 
and then as cobblestoning when submucosal 
edema and tissue damage progress. Cobblestoning 
is more often seen in CD than in UC; however, 
cobblestoning may also be present in severe 
UC [ 5 ]. In moderate UC, infl ammation presents 
as small surface ulcers that also coalesce and may 
form large linear lesions known as “bear claw” 
ulcers. Mucosal ulceration may cause spontane-
ous bleeding [ 3 ]. In severe CD, deep serpiginous 

   Table 7.4    Differentiating ulcerative colitis (UC) and 
Crohn’s disease (CD) [ 5 ]   

 CD  UC 

 Rectum often spared  Rectum involved 
 Skip areas of disease 
involvement 

 Confl uent, continuous 
disease involvement 

 Disease presentation on 
anti-mesenteric side of the 
colon more common 

 Circumferential disease 
presentation more common 

 Aphthous ulcers  Loss of vascular markings 
 Cobblestoning more 
common 

 Diffuse erythema 

 Linear or serpiginous 
ulcers 

 Mucosal granularity (wet 
sandpaper) 

 Fistulizing disease  Fistulizing disease rare 
 Terminal ileal disease  No disease in terminal 

ileum 
 Upper GI involvement 
more common 

 Upper GI involvement less 
common 
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and large linear ulcers occur. In moderate to 
severe CD, the classical skip lesions maybe less 
appreciated due to coalescence, and differentiat-
ing CD from UC is more diffi cult [ 3 ,  5 ]. 

 Lesions more characteristic of UC include 
erosions and microulcerations within a granular 
mucosa [ 10 ,  38 ]. Findings more consistent with 
CD include rectal sparing, UGI tract involve-
ment, involvement of the terminal ileum, and 
anal or perianal disease; however, these charac-
teristics are not exclusive to CD [ 35 ]. 

 In up to 50 % of patients with colonic CD, the 
rectum can be spared [ 10 ,  11 ]. However, this 
characteristic remains an imperfect indicator of 
disease. Although rectal involvement is classi-
cally observed in UC, endoscopists have reported 
rectal sparing in about 32 % of UC patients [ 39 , 
 40 ]. Additionally, various studies have suggested 
that pediatric patients with UC may present with 
rectal sparing. An analysis of 898 pediatric 
patients with UC reports 5 % presented with rec-
tal sparing, and the occurrence of rectal sparing is 
inversely associated with age [ 39 ,  41 ,  42 ]. 

 UGI tract involvement may occur in up to 
13 % of CD patients, and evidence of disease in 
the UGI tract on initial evaluation with EGD may 
support a diagnosis of CD [ 35 ,  43 ,  44 ]. In a study 
by Lemberg et al., 25 children with IBD unclassi-
fi ed (IBDU) pancolitis were eventually diagnosed 
with CD based on EGD results [ 10 ,  45 ]. UGI 
involvement, however, does not defi nitely point 
to CD. Four percent of pediatric patients with UC 
were reported to have UGI involvement in a study 
of 898 patients, as compared to 22 % of pediatric 
patients diagnosed with CD [ 41 ]. In the absence 
of  Helicobacter pylori , UGI lesions including 
focally active gastritis have been described as 
more characteristic of CD [ 2 ,  46 ]. However, this 
fi nding has been reported in UC as well, making 
differentiation diffi cult [ 2 ]. 

 Classically, the terminal ileum is not involved 
in UC, and terminal ileitis is more characteristic 
of CD. However, studies have described that 
10 % of cases of active pancolitis present with a 
fi nding of ileitis termed backwash ileitis, 
described as mild infl ammation in the distal 
 terminal ileum without ulceration [ 2 ,  3 ,  47 ]. 
Differentiating the two can prove challenging, 

and some researchers propose that any evidence 
of infl ammation in the terminal ileum should 
support a diagnosis of CD. Others report that 
although differentiation is diffi cult, characteris-
tics more consistent with CD include discrete 
ulcers, strictures of the terminal ileum or ileoce-
cal valve, transmural ileal infl ammation with 
granulomas and neural hyperplasia, extensive 
small bowel disease, jejunitis, proximal ileitis 
separated by skip areas, more infl ammatory 
activity in the terminal ileal biopsies on pathol-
ogy, and mucous gland metaplasia of the ileal 
mucosa [ 3 ,  10 ,  12 ,  35 ,  47 – 49 ]. Terminal ileitis 
may also be a result of infection, malignancy, 
radiation, vasculitis, or autoimmune disease [ 50 ]. 
One retrospective study showed that 68 % of 
patients with terminal ileitis had histologic 
 confi rmation; however, one third of patients in 
this study had no evidence of infl ammation on 
histology [ 50 ]. 

 While histologic evaluation of endoscopic 
biopsies can help differentiate between CD and 
UC, interobserver variation in the classifi cation 
of IBD is common, and it is thought to be impos-
sible to distinguish between the two diseases in 
approximately 10–20 % of cases [ 51 ]. A study by 
Farmer et al. describes that diagnosis 
by both board certifi ed pathologists and special-
ized gastrointestinal pathologists differed signi-
fi cantly from the initial clinical diagnosis. 
Gastrointestinal pathologist’s diagnoses differed 
from the initial diagnosis in 45 % of surgical 
specimens and 54 % of biopsies [ 10 ,  51 ]. 

 Despite efforts to differentiate between CD 
and UC with endoscopy, clinical history, sero-
logic markers, and radiologic imaging, defi nitive 
diagnosis is not always possible and 4–6 % of 
patients carry the diagnosis of IBDU. This seems 
more common in pediatric populations [ 10 ,  52 , 
 53 ]. Although differentiation is diffi cult, defi ni-
tive diagnosis of UC is essential prior to curative 
surgery. A prospective study by Murrell et al. 
identifi ed that as many as 12 % of patients who 
underwent surgery following initial diagnosis of 
either UC or IBDU were subsequently diagnosed 
as having CD [ 10 ,  54 ]. As curative surgery in UC 
carries signifi cant risk of morbidity and is an irre-
versible intervention, careful, extensive evalua-
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tion should occur prior to planned curative 
surgery to try to distinguish between CD and UC.   

   Role of Esophagogastroduodenoscopy 
(EGD) in IBD 
 Crohn’s disease can affect any portion of the gut, 
from mouth to anus, although the most commonly 
affected areas are the terminal ileum and colon. 
In adults, colonoscopy with ileoscopy is generally 
adequate for diagnosis of CD versus UC in patients 
with IBD presenting with lower GI symptoms. 
Estimates regarding prevalence of upper GI tract 
involvement in CD range from 16 to 51 % [ 55 – 58 ], 
although precise defi nitions of upper GI involve-
ment vary widely between studies, with some 
including only patients with macroscopic fi ndings 
[ 55 ], and others including all patients with histo-
logic evidence of CD [ 56 – 58 ]. 

 In adult patients with UGI symptoms (nausea, 
vomiting, gastroesophageal refl ux disease, early 
satiety, dyspepsia, and dysphagia), iron- defi ciency 
anemia, vitamin B12 defi ciency, or indeterminate 
colitis, EGD may be helpful to rule out CD 
involvement of the upper GI tract versus other 
etiologies such as celiac disease,  H. pylori  gastri-
tis, viral infection, eosinophilic enteritis, or 

 atrophic gastritis. Since NSAIDs can induce 
ulcerations of the stomach and small bowel, as 
with other endoscopic evaluation, EGD should 
be performed once the patient has been off all 
NSAIDs for a minimum of 4 weeks whenever 
possible. In patients who are immunosuppressed, 
viral etiologies such as CMV and HSV should 
be entertained, with biopsies obtained both for 
histology and viral culture. 

 We also advocate for EGD prior to elective 
colectomy in patients with ulcerative colitis or 
indeterminate colitis, since up to 17 % of patients 
undergoing total colectomy with ileal pouch-
anal anastomosis (IPAA) are later diagnosed 
with CD [ 59 ]. 

 Macroscopic fi ndings consistent with upper    GI 
Crohn’s lesions may range from subtle to severe, 
consisting of aphthae, ulcerations, erosions, stric-
tures, erythema, and edema (Figs.  7.7 ,  7.8 ,  7.9 , and 
 7.10 ). Biopsies of the stomach and duodenum 
should be obtained in these patients with upper GI 
symptoms with particular attention paid to fi nd-
ings of granulomas, focal or patchy chronic infl am-
mation, focal crypt distortion, and irregular villous 
architecture [ 55 ], eosinophils, intraepithelial lym-
phocytes, and  Helicobacter pylori  infection.     

  Fig. 7.7    Gastric ulcer due 
to upper gastrointestinal 
Crohn’s disease       
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 In children, UC and CD can present with 
overt and classic symptoms such as bloody diar-
rhea and abdominal pain, or may be more sub-
tle. Some children may present with failure to 
thrive or other symptoms related to malnutrition 
or anemia, or it may be diffi cult to obtain a 
detailed history of symptoms. Addi tionally, 
since many endoscopic evaluations in pediatric 

cases utilize general anesthesia, it is generally 
preferable not to have the patient undergo anes-
thesia multiple times, and therefore it is consid-
ered standard of care to perform both EGD and 
colonoscopy in patients in whom there is con-
cern for IBD. This standard is not only to estab-
lish a diagnosis of CD versus UC, but also to 
rule out other etiologies such as celiac  disease, 

  Fig. 7.8    Duodenal 
stricture due to Crohn’s 
disease in the upper 
gastrointestinal tract       

  Fig. 7.9    Infl ammatory 
pseudopolyps in the 
duodenum due to upper 
gastrointestinal Crohn’s 
disease       
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which can present with growth failure or other 
vague symptoms. 

 While there are no guidelines regarding when 
or where to biopsy during EGD in Crohn’s 
patients, we generally recommend biopsies of 
any abnormal appearing mucosa in the esopha-
gus, stomach, or duodenum. If there is suspicion 
for celiac disease, 4–6 biopsies should be obtai-
ned from the duodenal bulb and more distal duo-
denum. For nonspecifi c symptoms without overt 
mucosal abnormalities, it is reasonable to biopsy 
the stomach to evaluate for the presence of 
 H. pylori  gastritis. If there are changes consistent 
with viral infections, such as esophageal ulcers in 
a patient on immunosuppression, biopsies should 
be obtained of the ulcer perimeter and base and 
sent for viral culture [ 60 ].  

   Role of Capsule Endoscopy 
in the Evaluation of Crohn’s Disease 
 Capsule endoscopy is a relatively new tool for 
evaluation of the mucosa in IBD. Since the intro-
duction of the fi rst capsule endoscopy in 2001 
[ 61 ], the technology has evolved rapidly, with 
signifi cant improvement in image quality and 
even adjustments in how rapidly images are 
obtained based on the rate of transit through 
the bowel. Additionally, capsule endoscopy is 

generally quite safe in most patient populations. 
Small bowel capsule endoscopy (SBCE) is most 
commonly used to evaluate for bleeding source 
in cases of iron-defi ciency anemia or obscure 
overt GI bleeding when EGD and colonoscopy 
are unrevealing. Recently, a colon capsule was 
approved by the Food and Drug Administration 
for colorectal cancer (CRC) screening in cases 
where colonoscopy could not be completed [ 62 ], 
and is being evaluated as a potential tool for 
assessing disease state in ulcerative colitis [ 63 ]. 

 Here we will focus on use of SBCE in the 
evaluation of suspected or confi rmed IBD. 
In IBD, the primary value is for assessment of 
the small bowel in suspected CD in cases where 
fi ndings on traditional endoscopy or imaging do 
not explain the entire clinical picture, or for 
restaging known small bowel CD (i.e., assessing 
response to therapy). SBCE has the advantage of 
being non-invasive, with excellent diagnostic 
yield in the assessment of the small bowel 
mucosa. In a meta-analysis  comparing diagnos-
tic yield of SBCE to small bowel follow-through 
(SBFT), colonoscopy with  ileoscopy, CT 
enterography, push enteroscopy, and MRI, 
SBCE was found to be superior to all other 
modalities for diagnosis of non-stricturing small 
bowel CD [ 64 ]. 

 In addition to its utility in the initial diagno-
sis of CD, SBCE also has the potential to com-
plement traditional endoscopy to guide therapy 
in patients undergoing medical or surgical treat-
ment for CD. For example, over the last several 
years the value of mucosal healing in response 
to medical therapies has come to light [ 65 ,  66 ]. 
The goal for treatment of patients with CD is no 
longer simply resolution of symptoms, but lack 
of endoscopic and histologic infl ammation. 
Because biopsies are necessary to fully assess 
mucosal healing, capsule endoscopy is not ade-
quate for defi nitive assessment of treatment 
response, but may be a useful less invasive 
method of assessing for endoscopic improve-
ment, particularly in patients with small bowel 
CD out of the reach of traditional endoscopy 
[ 67 ]. Additionally, capsule endoscopy may be 
used for assessment of early disease recurrence 
after surgical intervention in cases where colo-

  Fig. 7.10    Duodenal ulcer due to Crohn’s disease in the 
upper GI tract       
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noscopy with ileoscopy is not possible or visual-
ization of more proximal small bowel is needed 
to guide decisions regarding postoperative med-
ical therapies [ 68 ].  

   Differential Diagnosis of Lesions Seen 
by SBCE 
 As with traditional endoscopy, fi ndings of small 
bowel CD by SBCE may range from subtle 
(erythema, edema, aphthae, fi ssuring, villous 
atrophy) to severe (large ulcerations, strictures, 
fi stulas). However, these fi ndings are not spe-
cifi c to CD. In fact, approximately 9 % of 
healthy patients may have small bowel mucosal 
breaks without CD [ 69 ]. Other potential etiolo-
gies for small bowel lesions seen on SBCE 
include medication  toxicity (especially NSAID-
induced enteritis), autoimmune conditions 
(celiac sprue, Behcet’s), malignancy, infection, 
ischemia, or radiation enteritis. Since SBCE is 
limited by the lack of biopsy capability, it is 
important to evaluate for these other etiologies 
with clinical history, laboratory testing, and 
other diagnostic techniques such as cross-sec-
tional imaging when necessary. Mergener et al. 
proposed an algorithm to establish adequate 
pretest probability to justify the use of SBCE 
for suspected small bowel Crohn’s [ 70 ] 
(Fig.  7.11 ).   

   Scoring Disease Activity with SBCE 
 There are two validated scoring systems for 
assessing CD extent and severity using SBCE 
[ 71 – 74 ]. The Lewis score [ 71 ] assesses villous 
appearance (normal versus edematous) and 
ulcerations (single, few [2–7], or multiple  > 8) in 
each tertile of the small bowel, as well as the 
presence of stenosis anywhere in the small bowel 
(single/multiple; ulcerated/non- ulcerated; tra-
versed/not traversed). The tertiles are determined 
by dividing the small bowel transit time by three. 
A score <135 is considered normal or clinically 
insignifi cant infl ammation; 135–790 mild infl am-
mation; and >790 moderate to severe infl amma-
tion (Table  7.5 ). The scoring index is now 
included in the PillCam™ (RAPID) capsule 
endoscopy software to allow for ease of use and 
standardization [ 67 ].

   The second validated scoring system is the cap-
sule endoscopy Crohn’s disease activity index 
(CECDAI, or Niv score) [ 72 ]. The CECDAI evalu-
ates infl ammation (A), extent of disease (B), and 
stricture (C), in both the proximal (1) and distal (2) 
portions of the small bowel. The score is calculated 
using a simple formula: CECDAI = ([A1 × B1] + 
C1) + ([A2 × B2] + C2) [ 74 ] (Fig.  7.12 ). Only the 
most severe lesion is used to determine the score 
for each segment. A score of 0 is normal, and a 
score of 26 represents severe disease.   

  Fig. 7.11    Guideline to defi ne suspected Crohn’s disease 
[ 70 ].  Sx  symptoms and signs,  PSC  primary sclerosing 
cholangitis,  ESR  erythrocyte sedimentation rate,  CRP  

C-reactive protein,  Abnl  abnormal,  SB  small bowel,  CT  
computed tomography       
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   Complications and Contraindications 
to Capsule Endoscopy 
 The main risk with capsule endoscopy is capsule 
retention. Capsule retention is generally defi ned 
as a situation where the capsule will not pass 
through the bowel without medical, endoscopic, 
or surgical intervention [ 75 ]. Capsule retention 
usually does not lead to bowel obstruction or 
even symptoms, although the potential for these 
certainly exists. Capsule retention may occur in 
the case of luminal narrowing for any reason, 
including Crohn’s stricture, NSAID stricture, 
tumor, surgical anastomotic stricture, or radiation 
enteritis. Capsule retention has been reported to 
occur in 5–13 % of patients with known CD [ 67 ]. 

 Capsules may become retained proximal to 
any narrowing in the bowel, whether this is from 
infl ammation, fi brosis, or a combination of the 
two. In cases of CD, the approach we recommend 

is optimization of medical therapy for 8-12 weeks 
prior to performing capsule endoscopy in whom 
there is concern for stenosis. With this approach, 
we feel that the infl ammatory component should 
be well treated, and therefore any narrowing of 
the bowel which causes capsule retention requir-
ing surgery is in an area of the bowel that was not 
amenable to medical therapy anyway. Patients 
with CD undergoing SBCE should be informed 
about the risk of capsule retention with potential 
need for surgery or endoscopy for removal, as 
well as symptoms of small bowel obstruction 
which should prompt them to return for 
evaluation. 

 Alternatively, a soluble “patency capsule” has 
been developed for use in patients with sus-
pected stenosis prior to capsule endoscopy to 
assess luminal patency [ 76 ]. The patency cap-
sule is the same size as the functional capsule 

   Table 7.5    Parameters and weightings for the capsule endoscopy scoring index [ 73 ]      

 Parameters  Number  Longitudinal extent  Descriptors 

 First tertile 
 Villous appearance  Normal—0 

 Edematous—1 
 Short segment—8 
 Long segment—12 
 Whole tertile—20 

 Single—1 
 Patchy—14 
 Diffuse—17 

 Ulcer  None—0 
 Single—3 
 Few—5 
 Multiple—10 

 Short segment—5 
 Long segment—10 
 Whole tertile—15 

 <1/4—9 
 1/4–1/2—12 
 >1/2—18 

 Second tertile 
 Villous appearance  Normal—0 

 Edematous—1 
 Short segment—8 
 Long segment—12 
 Whole tertile—20 

 Single—1 
 Patchy—14 
 Diffuse—17 

 Ulcer  None—0 
 Single—3 
 Few—5 
 Multiple—10 

 Short segment—5 
 Long segment—10 
 Whole tertile—15 

 <1/4—9 
 1/4–1/2—12 
 >1/2—18 

 Third tertile 
 Villous appearance  Normal—0 

 Edematous—1 
 Short segment—8 
 Long segment—12 
 Whole tertile—20 

 Single—1 
 Patchy—14 
 Diffuse—17 

 Ulcer  None—0 
 Single—3 
 Few—5 
 Multiple—10 

 Short segment—5 
 Long segment—10 
 Whole tertile—15 

 <1/4—9 
 1/4–1/2—12 
 >1/2—18 

 Stenosis-rated for whole study 
 Stenosis  None—0 

 Single—14 
 Multiple—20 

 Ulcerated—24 
 Non-ulcerated—2 

 Traversed—7 
 Not traversed—10 
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endoscopy, but the exterior is composed of wax 
plugs and cellophane, with a 2 × 10 mm radio- 
opaque tag inside the capsule. The capsule is 
swallowed by the patient, and an X-ray is per-
formed 30 hours after ingestion to determine if 
the capsule is retained. The capsule begins to 
dissolve at 30 h, and all are completely dissolved 
by 36–72 h.  

   Patient Preparation for Capsule 
Endoscopy 
 Quality of visualization and potentially diagnos-
tic yield of SBCE appear to be improved with 
the use of bowel lavage and antifoaming agents 
based on a recent meta-analysis [ 70 ]. However, 
the optimal timing and dosages of these agents 
has not been determined. It appears that 2 L of 
polyethylene glycol (PEG) is equally effective as 
4 L. The addition of simethicone also improves 
quality of visualization. Studies of the use of pro-
kinetic agents have had variable results, although 
in a recent meta-analysis they did not improve 
the completion rate in SBCE. In our practice, we 

recommend a clear liquid diet and consumption 
of 2 L of PEG the evening prior to morning cap-
sule placement. Patients should then be NPO 
after midnight, and should swallow the capsule in 
the morning with 12 ounces of water mixed with 
300 mg of simethicone. The patient may then 
consume a clear liquid diet beginning 2 h after 
capsule placement and resume a regular diet 4 h 
after placement. In patients with concern for 
slow gastric emptying or swallowing diffi culties, 
we recommend that the capsule be placed in the 
duodenum endoscopically. If endoscopic place-
ment is not feasible, it may be helpful to use a 
prokinetic agent in cases of delayed gastric 
emptying.  

   Enteroscopy/Device Assisted Enteroscopy 
 Small bowel disease has been reported in 
10–30 % of patients with CD, and up to 20 % 
may have disease that is isolated to the small 
bowel [ 77 ,  78 ]. Other studies argue that SBCE 
revealed disease in the proximal small bowel in 
greater than 50 % of CD patients, and that 30 % 

  Fig. 7.12    Capsule endoscopy Crohn’s disease activity index: scoring system worksheet [ 74 ]       
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of patients newly diagnosed with CD may have 
disease limited to the small bowel beyond the 
reach of ileocolonoscopy [ 55 ,  79 ]. It is likely that 
technical and diagnostic limitations result in an 
underestimate of isolated small bowel CD [ 77 ]. 
Because CD involvement of the small bowel may 
correlate with a higher rate of complications 
including stricture and fi stula formation, it is 
important to identify those patients who may 
benefi t from more aggressive therapy [ 77 ,  80 ]. 

 While colonoscopy is capable of visualizing 
the colon and terminal ileum, and EGD assesses 
the UGI tract and duodenum, a large portion of 
the small intestine remains unseen. Enteroscopy 
permits evaluation and biopsy collection from 
previously unreachable regions of small bowel 
[ 5 ,  35 ]. In initial diagnosis of CD, enteroscopy is 
most helpful when other diagnostics are incon-
clusive and histologic analysis of the small bowel 
would change treatment decisions [ 81 ,  82 ]. 

 Enteroscopy and device assisted enteroscopy 
(DAE) includes various endoscopic methods for 
evaluating the small bowel: push enteroscopy, 
double balloon enteroscopy (DBE), single bal-
loon enteroscopy (SBE), and spiral enteroscopy 
(SE). These methods access the small bowel 
by either enterograde (oral) or retrograde (anal) 
approach, permitting assessment of the small 
bowel, collection of biopsies, and enteroscopic 
intervention (e.g., dilation) [ 83 ]. Although enter-
oscopy is a helpful tool in small bowel CD, 
results should be interpreted in the context of 
clinical fi ndings and other diagnostic results, and 
it is recommended that other evaluations such as 
colonoscopy, EGD and imaging be considered 
before enteroscopy [ 77 ]. 

   Role/Indication 
   Push Enteroscopy and DAE 
 Traditional push enteroscopy was developed in 
the 1980s and involves inserting an enteroscope 
or a pediatric or adult colonoscopy in the proxi-
mal jejunum. Push enteroscopy is generally uti-
lized to treat proximal small bowel pathology, 
and complication rates for the procedure are 
reported as 1 % [ 84 ]. 

 DAE including DBE, SBE, and SE have 
improved the reach of enteroscopes allowing 

assessment and treatment of more distal disease. 
DBE may be performed with an enterograde or ret-
rograde approach. The technique uses two bal-
loons, the fi rst of which attaches to the enteroscope 
tip. After the scope is inserted into the bowel, the 
overtube balloon is infl ated and used to anchor the 
tip in place. The scope is then pulled back to fold 
the small bowel behind the balloon. Using repeti-
tive cycles of balloon infl ation and defl ation, the 
scope is advanced into the small bowel [ 84 ]. One 
study of 37 patients suggests that the overall yield 
of DBE is about 60 %, but yield varies according to 
indication (40 % in obscure bleeding and 100 % in 
strictures) [ 84 ,  85 ]. A 2008 meta-analysis revealed 
that diagnostic yield is  similar in DBE and 
SBCE. The study reports the diagnostic yield of 
DBE as 60 % in small bowel disease and 18 % in 
CD, while the diagnostic yield of SBCE is 57 % in 
small bowel disease and 16 % in CD [ 15 ,  86 ]. 
Another study of 44 patients found that DBE iden-
tifi ed more aphthae, erosions, and small ulcers in 
the ileum than radiologic studies [ 87 ]. This could 
be signifi cant as radiologic fi ndings are thought to 
precede endoscopic fi ndings by 1–7 years, which 
may permit earlier diagnosis and a better indicator 
of mucosal healing [ 84 ,  88 ,  89 ]. 

 DBE is likely most useful after initial assess-
ment with small bowel cross-sectional imaging 
and/or SBCE for the indication of diagnosing 
small bowel CD, collecting small bowel biopsies, 
or assessing a suspicious lesion [ 15 ,  84 ,  90 ]. 
Consideration should also be given to the loca-
tion of the lesion in question and the expertise of 
available endoscopists [ 83 ,  90 ,  91 ]. DBE may be 
less useful in patients with tortuous anatomy in 
whom the procedure would be technically diffi -
cult and complication rates higher [ 84 ]. Addi-
tionally, DBE balloons are made from latex, thus 
the procedure is contraindicated in patients with 
serious latex allergy [ 88 ]. In DBE, complications 
are rare, and occur in less than 1 % of patients. 
Complications of DBE include pancreatitis 
(0.3 %), bleeding (0.2 %), and aspiration pneu-
monia [ 84 ,  92 ]. Overall complication rates for 
patients with CD are not higher, although a his-
tory of CD or gastrointestinal surgery increases 
the risk of perforation [ 15 ,  90 ]. A 2008 study of 
2,478 DBE procedures reported a complication 
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rate that was ten times as high as conventional 
colonoscopy with the most common complica-
tions being post-procedure abdominal pain, bleed-
ing, and perforation [ 15 ,  93 ]. SBE, introduced in 
2007, utilizes a similar technique as DBE, but 
in SBE the tip of the enteroscope is used as an 
anchor thus avoiding the need for a second 
 balloon [ 84 ]. 

 The most recent advancement in DAE, spiral 
enteroscopy (SE), was developed in 2008. The 
SE device consists of an overtube with a soft, 
raised helix that allows simpler and faster evalu-
ation of the small bowel [ 84 ,  94 ]. SE uses clock-
wise rotation to advance the scope into the small 
bowel, minimizing twisting of the intestines. 
Although SE allows rapid advancement and 
facilitates therapeutic intervention, it has only 
been demonstrated safely in retrograde, whereas 
DBE may be administered retrograde or ante-
grade. Complications are similar to other DAE 
techniques, and include perforation and pancre-
atitis [ 84 ]. A review of 2,950 patients treated with 
SE reported a severe complication rate of 0.3 % 
and a perforation rate of 0.4 % [ 84 ,  95 ]. A 2013 
multicenter study found that SE appears as safe 
as DBE, and that the diagnostic and therapeutic 
yield is comparable; however, no studies have 
looked specifi cally at patients with IBD [ 96 ]. 

 Although DAE is helpful in specifi c situa-
tions, it is a more invasive, costly and time-con-
suming test, and is not recommended as fi rst line 
evaluation of small bowel CD [ 83 ,  90 ].     

   Evaluation After Initial Diagnosis 
 For patients with an established diagnosis of CD, 
endoscopy still plays a critical role in ongoing 
evaluation of CD for adequate response to 
 therapy, complications of disease and therapy, 
therapeutic intervention, and cancer screening. 
As with the initial diagnosis of CD, endoscopy in 
established patients is still critical and is the best 
currently available modality for ongoing evalua-
tion of CD as it is the most sensitive diagnostic 
test, allows for biopsies, and is typically the only 
intervention other than surgery that allows for 
therapeutic intervention for certain complications 
associated with CD. The remainder of this 

 chapter will review the role and utility of endos-
copy in patients with established CD. 

   Colonoscopy 
   Role/Indication 
 Colonoscopy continues to play a central role in 
the evaluation of patients with an established 
diagnosis of CD, especially given that mucosal 
healing has become a key outcome in assessing 
the effi cacy of therapies [ 1 ]. Ileocolonoscopy is 
indicated in a variety of settings in the care of 
patients with CD, including restaging disease 
activity; evaluating for disease activity and 
alternate etiologies in patients with worsening 
symptoms; dysplasia surveillance in appropri-
ate patients; and therapeutic interventions such 
as stricture dilation. Ileocolonoscopy is also 
helpful preoperatively to establish if patients 
have evidence of disease activity that warrants 
further medical optimization and postopera-
tively to assess for recurrence and risk stratify 
for the need to initiate or continue postoperative 
medical therapy. In patients who have under-
gone colectomy with J-pouch formation, 
pouchoscopy is the best test to evaluate patients 
with clinical  symptoms that are more severe 
than expected postoperatively to differentiate 
pouchitis, pouch structural abnormalities versus 
CD as the etiology for symptoms [ 2 ,  5 ,  10 ,  29 , 
 35 ,  97 ,  98 ]. 

   Restaging Disease, Response to Therapy 
 While clinical exacerbation of symptoms often 
indicates increasing infl ammatory activity, 
clinical symptoms do not reliably correlate 
with  disease severity, and symptom scores do 
not consistently match endoscopic evaluation 
or mucosal healing [ 99 ]. Endoscopic evalua-
tion can more objectively evaluate the extent 
and severity of active infl ammatory disease, 
thus guiding  therapeutic decision-making. 
Additionally, during symptom fl ares, it is 
essential to rule out other causes of exacerba-
tion such as CMV or  Clostridium diffi cile  infec-
tion [ 5 ,  29 ]. Ileocolonoscopy with biopsy is 
critical to differentiate infectious causes of dis-
ease exacerbation and prevent changes in treat-
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ment that do not refl ect inadequate response or 
loss of response to medical therapy. Prior to 
any signifi cant changes to medical therapy, we 
recommend that patients with disease that is 
evaluable by ileocolonoscopy undergo endo-
scopic evaluation with biopsies.  

   Mucosal Healing 
 Since the development of anti-tumor necrosis 
factor alpha (TNFα) and other biologic agents, 
mucosal healing has become an important indica-
tor of treatment success [ 3 ,  35 ,  65 ]. Although no 
defi nition has been validated, the term ‘mucosal 
healing’ commonly refers to the absence of visi-
ble ulcers on endoscopy [ 1 ]. This defi nition, 
however, does not consider improvement or 
grading of mucosal healing [ 100 ]. In CD, muco-
sal healing has been described using the CDEIS 
in a number of clinical trials. Endoscopic remis-
sion has been described as CDEIS less than 6, 
and endoscopic response as CDEIS less than 5. 
Others have assigned values less than 3 to com-
plete endoscopic remission [ 1 ,  15 ]. In a post hoc 
analysis of the SONIC trial, researchers defi ned 
mucosal healing and endoscopic response as a 
decrease in the SES-CD or CDEIS of at least 
50 % from baseline at week 26 of treatment. 
They identifi ed that patients meeting this criteria 
were more likely to be in corticosteroid free clini-
cal remission at week 50 [ 101 ]. Importantly, no 
consistent endoscopic scoring value has been 
agreed upon. 

 Recent studies have focused on the utility of 
mucosal healing as a sign of effective medical 
therapy that may predict disease prognosis. 
Studies suggest that mucosal healing may corre-
late with a reduction in hospitalizations and sur-
gical interventions, a decrease in the risk of clini cal 
relapse, and a reduction in the risk of CRC [ 49 , 
 66 ,  77 ,  102 – 104 ]. In one study, Baert et al. report 
that 70.8 % of patients with an SES-CD of zero at 
2 years after initial diagnosis were in steroid free 
remission at years 3 and 4 [ 19 ]. Another study 
looking at 71 patients with CD treated with 
 infl iximab shows that in those patients who had 
responded to therapy at 3 months, 77 % main-
tained response at 12 months, suggesting that 
early endoscopic healing may predict sustained 

response. Ninety percent of patients with complete 
mucosal healing at the 3 month post-treatment 
endoscopy had sustained response at 12 months 
[ 105 ]. Overall, mucosal healing appears to be a 
good indicator of disease prognosis, but further 
study is needed to defi ne mucosal healing, to rec-
ommend frequency of endoscopic evaluation, 
and to confi rm how treatment decisions should 
change based on endoscopic healing [ 15 ]. At the 
current time without more defi nitive data with 
regard to the implications of mucosal disease 
activity, we recommend including the distribu-
tion and severity of endoscopic mucosal disease 
activity with laboratory, radiographic, and clini-
cal symptoms to choose if modifi cation to a 
patient’s current medical therapy is warranted.   

   Preoperative Colonoscopy 
 Preoperative colonoscopy may provide useful 
information regarding the extent of disease in 
both planned partial colectomy and the vitality of 
a planned primary anastomosis [ 5 ]. Often planned 
partial colectomy or TI resection is secondary to 
a fi bro-stenotic segment that is not amenable 
to medical therapy. However, such patients can 
have areas distinct from the fi bro-stenotic area 
that has active infl ammation. Preoperatively we 
recommend that medical therapy be optimized to 
try and achieve mucosal healing in areas with 
active infl ammation to decrease the likelihood 
that these segments would require resection dur-
ing the planned surgery, to decrease the possibil-
ity that a primary anastomosis cannot be 
performed due to active disease and to decrease 
the possibility that a primary anastomosis will 
have complications such as leaks or rapid steno-
sis from active CD. Preoperative endoscopy can 
also provide endoscopic dilation of any strictures 
that may not require resection, such as an anal 
stricture. This can allow for both salvage of the 
segment with a stricture and ensure that the 
upstream primary anastomosis does not leak 
due to downstream obstruction. Pre-operative 
sigmoidoscopy may also aid surgical decision-
making when  surgical correction of perianal 
CD is considered. For patients with CD under-
going resection of only small bowel, ileocolo-
noscopy primarily adds an assessment of 
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colonic disease and evaluation of any possible 
colonic neoplasm [ 5 ].  

   Postoperative Colonoscopy 
 In patients with CD, postoperative ileocolonos-
copy with biopsy is helpful to assess postoperative 
recurrence of disease at the anastomosis [ 5 ,  8 ]. 
Active CD recurs at the surgical anastomosis 
within 1 year in 70–90 % of CD patients, and an 
estimated 50 % of patients with recurrence and 
inadequate medical therapy will require anasto-
motic revision [ 5 ,  6 ,  8 ]. Evaluation with ileocolo-
noscopy may be helpful to identify these patients, 
particularly to rule out disease recurrence in 
cases where modifying CD therapy would not 
treat the problem. Postoperative medical therapy 
has been considered to reduce rates of disease 
recurrence; however, there are currently no endo-
scopic indicators as to which patients may benefi t 
from treatment [ 5 ,  106 ]. Currently, endoscopic 
evaluation 6–12 months after surgery is recom-
mended [ 2 ,  81 ]. 

 In addition to the evaluation for disease recur-
rence, ileocolonoscopy allows the differentiation 
of symptoms from active disease recurrence 
 versus other etiologies such as bile acid malab-
sorption or bacterial overgrowth which can be 
common in patients after ileal resection. In pati-
ents with no clinical symptoms, laboratory 
abnormalities such as anemia or elevated CRP, 
we would recommend if a Rutgeerts score of 
greater than 2 is identifi ed that patients be con-
sidered for initiation of postoperative medical 
therapy. For those patients with clear signs of 
clinical disease activity based on other evalua-
tion, we still recommend evaluation with ileoco-
lonoscopy prior to initiation of medical therapy 
to assess pre-treatment disease activity and to 
insure there are no infectious etiologies such as 
 C. diffi cile  or CMV. 

 For patients who are considered high risk and 
require ongoing postoperative medical therapy 
regardless of endoscopic fi ndings, such as those 
with two or more surgeries in 5 years, greater 
than three lifetime surgeries, or patients with 
 disease pre-operatively involving areas that are 
not resected, we still recommend evaluation with 

ileocolonoscopy postoperatively to assess for 
adequate mucosal healing.  

   Pouchitis vs. Active IBD 
 Pouchitis is an infl ammatory condition that 
occurs in the ileal pouch reservoir in an IPAA, 
which may present with diffuse erythema, fria-
bi lity, granularity, exudates, erosions, and/or 
 ulcerations [ 107 ,  108 ]. Twenty-three to forty-six 
percent of patients with IPAA develop pouchitis, 
and the endoscopic differences between pouchitis 
and IBD are not specifi c [ 2 ,  109 ]. Pouch disease 
activity indices may help diagnose the condition, 
and biopsies should be taken, even in normal 
appearing mucosa, to rule out active infl amma-
tion of CD as well as dysplasia [ 107 ]. In the 
absence of an alternative etiology, the fi nding of 
endoscopic or histologic infl ammatory changes 
in the neo-terminal ileum (neo-TI) upstream of 
the J-pouch is often representative that the patient 
has CD, and we recommend that all patients 
undergoing endoscopy for evaluation of their 
J-pouch have biopsies taken in the neo-TI, the 
J-pouch and just upstream of the dentate line (this 
will be discussed further in sections below with 
regard to colon cancer screening).  

   Interventional Endoscopy 
 CD patients have a high risk of stricture formation 
with 10 % developing colonic and 25 % develop-
ing small bowel strictures [ 81 ,  110 ]. Stric tures, 
either infl ammatory or fi brotic, may occur at 
bowel anastomoses, de novo, or in the ileal pouch 
[ 111 ,  112 ]. While infl ammatory strictures may 
respond to medical therapy, surgery is required in 
a reported 64 % of patients [ 111 ,  113 ]. Fibrotic 
strictures are best treated with intestinal resection 
or strictureplasty [ 114 ]. Due to the signifi cant 
operative recurrence rate (34 % according to one 
study), and the potential for short bowel syn-
drome, the decision to treat strictures surgically 
should take into account clinical and prognostic 
factors [ 111 ,  115 ]. Interventional endoscopy with 
balloon dilation is a reasonable option for many 
CD patients with symptomatic fi brotic strictures 
[ 2 ]. Recommendations suggest that localized, 
ileocecal CD with obstructive symptoms, but no 
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signifi cant evidence of active infl ammation, 
should be treated by surgery. Alternatively, short 
stricture, as well as recurrence of stricture post-
surgery would benefi t from balloon dilation [ 2 , 
 15 ] (Figs.  7.13 ,  7.14 , and  7.15 ).    

 Prior to balloon dilation, lesions should be 
evaluated with cross-sectional imaging to iden-
tify the location, number, activity, and extension 
of strictures, as well as the presence of fi stulas 
or abscesses [ 15 ]. Strictures measuring 4 cm or 
less have been associated with better outcomes. 
Strictures may recur post dilation, and as many as 
50 % of patients will require repeat dilation over 
5 years [ 2 ]. Results from multiple studies suggest 
that endoscopic balloon dilation is effective 
and safe. A systematic review showed that 58 % 
of patients underwent successful dilation, with 
22 % of patients requiring repeat dilation, and 
19 % requiring multiple endoscopic interventions 
[ 15 ,  116 ]. Another systematic review reported 
that 90 % of cases ended with successful dilation, 
with 27 % of patients requiring surgery after 
21 months [ 15 ,  117 ]. 

 Major complications of endoscopic balloon 
dilation include perforation and bleeding, and 
complication rates in reviewed studies ranged 
from 2 to 3 % [ 15 ,  116 – 118 ]. Of the modifi able 

risk factors, smoking seems to be linked with 
worse outcomes, specifi cally with regard to stric-
ture recurrence post dilation [ 92 ,  111 ]. 

 Intra-lesional steroid injections have been 
used by some to prevent recurrence, but studies 
have yet to defi nitely show benefi t from this 
practice and some studies have suggested a 
worse outcome in those who underwent injection 
compared to those who did not during dilation 
[ 79 ,  119 ].   

   Enteroscopy 
   Role/Indication 
 Enteroscopy may be useful to specifi cally evalu-
ate occult gastrointestinal bleeding or suspicious 
small bowel lesions, or for dilation of fi brotic 
strictures, however at this time it likely has little 
place in routine evaluation of small bowel CD, 
unless intervention or biopsy is required. 

   Intraoperative Enteroscopy 
 Intraoperative enteroscopy can be utilized in 
 specifi c situations by specialized practitioners, 
to guide surgery intraoperatively, and also to 
 evaluate lesions that exist deep in the small 
bowel, out of reach of other forms of endoscopy 
and enteroscopy [ 84 ,  120 ,  121 ]. Complications 

  Fig. 7.13    Ascending 
colon stricture due to 
Crohn’s disease. The 
stricture did not allow 
passage of the pediatric 
colonoscope (12 mm). 
It was biopsied to rule 
out malignancy, and then 
dilated with a through-the- 
scope (TTS) balloon       
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may include prolonged postoperative ileus, air 
embolism, and multi-organ failure, although 
studies evaluating the diagnostic yield and safety 
of intraoperative enteroscopy in CD are limited 
[ 84 ,  121 – 123 ].     

   CRC Surveillance for Patients 
with Crohn’s Disease 
   Risk of CRC in IBD 
 Compared with the general population, there is 
an increased risk of development of CRC in 
patients with ulcerative colitis and Crohn’s colitis 

  Fig. 7.14    Stricture with 
wire-guided balloon dilator 
in place prior to infl ation       

  Fig. 7.15    Stricture during 
balloon infl ation       
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(RR 2.75 UC; 2.64 CD) [ 124 ]. The risk of devel-
oping CRC correlates directly with the degree of 
histologic and endoscopic infl ammation, extent 
of colonic involvement, disease duration, pres-
ence of family history of sporadic CRC, and 
presence of primary sclerosing cholangitis (PSC). 
Proctitis alone does not increase the risk of 
CRC, but involvement of at least 1/3 of the colon 
appears to be associated with cancer develop-
ment [ 125 – 128 ]. It is estimated that patients with 
IBD-related colitis have up to a 1 in 5 chance of 
developing CRC after 30 years of disease [ 129 ]. 
For these reasons, it is crucial to establish which 
patients are at increased risk of CRC and perform 
appropriate surveillance based on patient risk 
factors. 

 Data comparing Crohn’s colitis to UC has 
shown essentially equivalent risk of development 
of malignancy [ 124 ]. Therefore, recommenda-
tions for cancer surveillance in the setting 
of IBD-related colitis are the same regardless of 
whether CD or UC is the underlying disease. 
Surveillance strategy should be primarily based 
on the aforementioned risk factors rather than 
an individual’s diagnosis of CD vs. UC [ 128 ]. 
The risk of developing CRC rises signifi cantly 
after 8 years of IBD-related colitis, with most 
cancers arising in the setting of pancolitis. 
Patients with disease limited to the rectum or 
 rectosigmoid are not felt to have increased risk of 
CRC, and risk is intermediate in patients with 
left-sided disease (to the splenic fl exure). Disease 
extent is defi ned by the most extensive histolo-
gic, rather than endoscopic, infl ammation [ 130 ]. 
Therefore it is important to obtain biopsies of the 
right colon, left colon, and rectum during staging 
colonoscopy regardless of endoscopic involve-
ment, since signs of microscopic infl ammation 
may extend beyond the endoscopically visible 
area of infl ammation.  

   Utility of Surveillance Colonoscopy 
 The benefi t of surveillance colonoscopy in the 
IBD population is supported by a recent retro-
spective study which found that the incidence of 
CRC was signifi cantly higher (2.7 %) in IBD 
patients without a colonoscopy within the previ-
ous 36 months compared with IBD patients who 

had colonoscopy in the prior 36 months (1.6 %) 
(odds ratio [OR], 0.56; 95 % CI 0.39–0.80). 
Additionally, patients with CRC with recent 
colonoscopy had a reduced mortality rate when 
compared with those without colonoscopy in the 
previous 36 months (OR, 0.34; 95 % CI 0.12–
0.95) [ 131 ]. 

 Because the risk of developing CRC increases 
with long-standing infl ammation, it is generally 
recommended that patients undergo surveillance 
colonoscopy beginning 8 years after IBD diagno-
sis or IBD symptom onset for restaging and 
to determine surveillance needs. In UC, colonic 
strictures, shortened colon, and pseudopolyps are 
associated with increased risk of cancer, likely 
due to the fact that these features typically signify 
long-standing infl ammation [ 132 ]. It is unclear if 
these features are also associated with increased 
risk of CRC in Crohn’s patients, since the fi nd-
ings of strictures and colonic shortening may 
simply be due to the transmural nature of the 
underlying disease process. The fi nding of a 
colonic stricture especially in UC should always 
be evaluated to defi nitively rule out a neoplasm.  

   Signifi cance of DALMs, Flat Dysplasia, 
and Sporadic Adenomas 
 The goal of surveillance colonoscopy in IBD 
patients is early detection of dysplasia so that 
appropriate management may be implemented to 
prevent development of CRC. The endoscopist 
should assess for abnormal appearing mucosa 
such as polyps, strictures, carpet-like masses, or 
plaques, which may indicate DALMs (dysplasia- 
associated lesion or mass), fl at dysplasia, or 
 sporadic adenomas. DALMs are typically endo-
scopically indistinguishable from sporadic ade-
nomas, but DALMs arise in areas with adjacent 
invisible dysplasia in an area of active or quies-
cent infl ammation. Therefore, the determination 
of DALM versus sporadic adenoma is a histo-
logic diagnosis based on the presence or absence 
of dysplasia in the surrounding mucosa. The dis-
tinction between fl at dysplasia, DALM, and 
 adenoma is crucial because fl at dysplasia and 
DALMs frequently warrant surgical resection 
in the form of colectomy, whereas sporadic ade-
nomas are not associated with synchronous or 
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metachronous CRC and therefore may be 
removed endoscopically and require similar fol-
low- up to sporadic adenomas in non-IBD 
patients. To distinguish these entities, we recom-
mend endoscopic removal of the visible portion 
of the lesion followed by biopsies of the sur-
rounding tissue for assessment for surrounding 
dysplasia. The lesion and the biopsies should 
then be submitted to the pathologist in separate 
bottles. In some cases, especially in cases of fl at 
dysplasia or sessile serrated adenomas, it may be 
diffi cult or impossible to visualize the borders of 
the lesion with white light endoscopy. In these 
cases, we feel that the use of narrow-band imag-
ing or dye spray (methylene blue or indigo car-
mine) may be helpful to ensure that as much of 
the lesion as possible is removed. It is frequently 
also appropriate to tattoo the area to aid in endo-
scopic re-assessment or surgical planning [ 35 ]. 
The diagnosis of dysplasia should be confi rmed 
by an expert GI pathologist [ 133 ].  

   Use of Flow Cytometry and Other 
Biomarkers 
 The detection of abnormal DNA ploidy is 
 frequently helpful in determining surveillance 
intervals and probability of dysplasia in cases of 
indeterminate histology. Abnormal DNA content 
is associated with up to 6.6-fold increased risk of 
advanced neoplasia [ 134 ]. We recommend obtai-
ning one biopsy every 10 cm for fl ow cytometry 
at the time of random surveillance biopsies. The 
presence of abnormal DNA content should 
prompt increase in frequency of surveillance to at 
least once per year. We typically treat the fi nding 
of ploidy similar to indefi nite for dysplasia or 
low-grade dysplasia (LGD).  

   Management of Dysplasia 
 Dysplastic lesions arising outside the area of 
infl ammation, if completely excised, may be 
managed as sporadic adenomas. In cases of high- 
grade fl at dysplasia, colectomy is recommended 
because of the unacceptably high risk of synchro-
nous CRC in at least 42 % of cases [ 135 ,  136 ]. 
The management of LGD is more controversial, 
with wide variations in reports of synchronous 

CRC and progression to CRC amongst various 
studies, partly because of signifi cant heterogeneity 
with regard to the defi nition of DALMs. One 
meta-analysis assessing outcomes in cases of 
LGD found a ninefold risk of developing CRC 
and a 12-fold risk of developing any advanced 
lesion [ 137 ]. Based on the available data, the 
AGA has proposed an algorithm in which all 
patients with fl at high-grade dysplasia undergo 
colectomy, and those with LGD either are man-
aged with colectomy or close interval follow-up 
examination. In cases of indefi nite dysplasia, 
colonoscopy should be repeated within 3–12 
months depending on the pathologic fi ndings 
(see fi gure). Those with no dysplasia should 
undergo repeat colonoscopy in 1–2 years [ 128 , 
 138 ] (Fig.  7.16 ).  

 In practice, the decision of whether to proceed 
with total colectomy in patients with CD and dys-
plasia or CRC is frequently more complicated 
than in patients with UC. In CD, a total colec-
tomy necessitates an ileostomy with risk of com-
plications such as peristomal disease recurrence, 
stricture, and poor wound healing. Therefore we 
recommend an informed and multidisciplinary 
discussion with the patient, pathologist, and sur-
geon to determine appropriate individualized 
management. In patients with rectal sparing, it 
may be appropriate to consider ileorectal anasto-
mosis as total colectomy with J-pouch formation 
is relatively contraindicated in CD. If undertaken, 
careful ongoing close surveillance of the rectum 
and anastomosis is required in the post-operative 
period.  

   Special Populations 
   Primary Sclerosing Cholangitis 
 Patients with IBD and PSC have approximately 
fourfold increased risk of CRC when compared 
with patients with UC alone [ 139 ], and the 
increased risk persists even after liver transplan-
tation [ 140 ]. Therefore, patients with UC or 
Crohn’s colitis are advised to begin annual sur-
veillance colonoscopies at the time of initial 
diagnosis of PSC, to be continued indefi nitely 
even after liver transplantation [ 141 ]. Additio-
nally, since PSC is strongly associated with IBD, 
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patients newly diagnosed with PSC but without a 
diagnosis of IBD should undergo colonoscopy 
with random biopsies to evaluate for endoscopic 
and histologic changes consistent with IBD, even 
without symptoms suggestive of IBD [ 141 ].  

   Ileal Pouch-Anal Anastomosis 
 Total colectomy with IPAA is usually performed 
in patients with familial adenomatous polyposis 
syndrome (FAP), or in UC patients with medi-
cally refractory colitis, dysplasia, or localized 
CRC. Additionally, patients thought to have UC 
who undergo total colectomy with IPAA may 
subsequently have their diagnosis changed to 
Crohn’s disease in up to 12 % of cases [ 54 ]. 
Although the dysplasia risk of the ileal pouch 
mucosa generally appears to be low [ 142 ], there 
are certain high-risk features that warrant endo-
scopic pouch surveillance. These features include 
PSC, atrophic pouch mucosa, and presence of 
dysplasia in the original colectomy specimen 
[ 143 – 145 ]. Ileal pouch-rectal anastomosis is also 
considered a high-risk feature, although even in 
the ideal situation of hand-sewn anal anastomosis 
there is risk of retained rectal mucosa [ 145 ], and 

as such we recommend surveillance pouchos-
copy with particular attention and biopsies at the 
anal anastomosis to evaluate for evidence of 
retained rectal mucosa and associated dysplasia 
annually in patients with an IPAA.   

   Techniques for Surveillance 
 The optimal technique for surveillance colonos-
copy has been a topic of debate over the last sev-
eral years [ 146 ]. It is generally accepted that 
simple optical inspection with white light endos-
copy, while important, is not adequate for sur-
veillance because up to 23 % of neoplastic areas 
are macroscopically invisible [ 147 ]. Therefore 
colonoscopy with careful visual inspection of 
the mucosa and targeted and random biopsies, or 
chromoendoscopy with targeted biopsies, are 
acceptable alternatives. 

 When using traditional endoscopy, biopsies 
should be performed in a 4-quadrant fashion 
every 10 cm with a total of at least 33 biopsies in 
patients with pancolitis, along with targeted biop-
sies of any suspicious lesions (Figs.  7.17 ,  7.18 , 
 7.19 , and  7.20 ). Some guidelines also suggest 
more extensive sampling of the left colon and 

  Fig. 7.16    Algorithm for the management of colonic dysplasia in IBD [ 127 ]       
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  Fig. 7.17    ( a ) Visible 
low-grade dysplasia in the 
colon. ( b ) The same area 
of low-grade dysplasia, 
highlighted with narrow-
band imaging (NBI)       

rectum since infl ammation tends to be more 
severe in the left colon [ 128 ]. Targeted biopsies 
should also be performed of strictures and muco-
sal abnormalities, and should be labeled and 
 submitted to the pathologist in a separate jar. 
In addition to removal of DALMs whenever 

 possible, biopsies should be obtained of the 
remaining mucosa surrounding the area to ensure 
complete removal of any dysplastic tissue. 
Biopsies should be placed in separate jars and 
labeled as to location (i.e., “80 cm,” “70 cm,” 
“raised lesion at 65 cm,” “60 cm,” etc.).     
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 Chromoendoscopy by an endoscopist trained in 
the technique is an acceptable alternative to white 
light endoscopy with random biopsies and may be 
superior to the traditional method of surveillance 
for the detection of dysplasia, although the effect of 

chromoendoscopy versus traditional surveillance 
colonoscopy with biopsies on long- term outcomes 
has not been evaluated. In the case of chromoen-
doscopy, random biopsies are not required but 
removal of suspicious lesions is necessary [ 128 ].        

  Fig. 7.18    Visible 
high-grade dysplasia in 
Crohn’s colitis       

  Fig. 7.19    Sporadic 
adenocarcinoma in a 
patient with Crohn’s colitis       
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  Fig. 7.20    ( a ) Dysplasia-
associated lesion or mass 
(DALM). ( b ) DALM, with 
mucosal abnormality 
highlighted by NBI       
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      Abbreviations 

   CD    Crohn’s disease   
  CEUS    Contrast-enhanced ultrasonography   
  IBD    Infl ammatory bowel disease   
  PEG    Polyethylene glycol   
  SICUS    Small intestine contrast ultrasonography   
  TPUS    Transperineal ultrasound   
  US    Ultrasonography   

       Crohn’s disease (CD) is a trans-mural, progressive 
disease leading to irreversible bowel damage char-
acterized by stenosis of the intestinal lumen and 
penetrating lesions such as fi stulas and abscesses. 
Assessment of intestinal lesion pattern by cross-
sectional imaging techniques is essential for a 
proper management plan of CD patients. 

 Most published studies have found bowel 
ultrasonography (US) to be a useful tool in the 
management of CD. The most important applica-
tion of bowel US is in follow-up of patients 
already diagnosed with CD, to assess the site and 
the extent of the lesions and to ensure early detec-
tion of complications, particularly abscesses and 
strictures. 

    Ultrasound Equipment 
and Technology 

 Bowel US in infl ammatory bowel disease (IBD) 
requires high-frequency (5–17 MHz) linear 
probes that offer detailed spatial resolution of the 
intestinal wall, essential for the assessment of 
wall thickness and discrimination of the wall lay-
ers. A disadvantage of this high-resolution trans-
ducer is the reduced penetration depth that may 
not be suffi cient in obese or muscular patients. In 
these cases, a conventional 3.75 MHz convex 
probe may be used. 

 Over the past few years, the technical evolution 
of US equipment combined with the use of color 
or power Doppler imaging and intravenous con-
trast-enhanced US (CEUS) has provided detailed 
information on mural and extra- intestinal vascu-
larity, which refl ects infl ammatory disease activ-
ity. The second generation echo-signal enhancer 
SonoVue ®  (Bracco) is injected as a bolus in units 
of 1.2–4.5 mL into an antecubital vein, immedi-
ately followed by injection of 10 mL of normal 
saline solution (0.9 % NaCl). For each examina-
tion, a recording is begun a few seconds before the 
intravenous administration of the contrast agent, 
and continuous imaging is performed for 40 s. 

 The use of oral contrast agents, such as poly-
ethylene glycol (PEG) solution, has been  proposed 
as a way to improve the detection of CD lesions 
using small intestine contrast ultrasonography 
(SICUS). From a practical point of view, use of an 
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oral contrast agent does not alter the procedure 
greatly; the same equipment is used with the addi-
tion of 375–800 mL of oral contrast fl uid and the 
procedure duration ranges from 25 to 60 min. 
The oral contrast agent passes from the stomach 
to the duodenum, jejunum, and ileum, distending 
the intestinal loops and removing gas, and thus 
enhancing the sequential visualization of the 
entire gut and improving the sonographic exami-
nation of the morphologic and functional aspects 
of the bowel wall, such as thickening, echo pat-
tern, valvulae conniventes, and enhancing con-
traction and relaxation (Fig.  8.1 ).   

    Early Evaluation of Patients 
with Suspected CD 

 In Europe bowel US is now becoming the fi rst- 
line imaging procedure in patients with sus-
pected CD for early diagnosis and several studies 
have evaluated the accuracy of bowel US in the 
diagnosis of IBD. Prospective studies, performed 
in unselected groups of patients, have shown that 
bowel US may diagnose CD with a sensitivity 
ranging from 67 to 96 % and specifi city ranging 
from 79 to 100 % [ 1 – 10 ]. In a recent study, 
Castiglione et al. showed that bowel US has 
94 % sensitivity and 97 % specifi city in compari-
son with MR-Enterography (96 and 94 %) in 

detecting small bowel CD lesions [ 11 ]. Most of 
the results were obtained from studies that 
included patients with a previous diagnosis of 
CD but lacked a control population; thus, it is 
diffi cult to draw conclusions about true sensitiv-
ity and specifi city of bowel US. These method-
ological problems were evaluated by Fraquelli 
et al. [ 12 ]. In their meta-analysis, in which only 
fi ve case- control and two cohort studies were 
ultimately considered from an initial 44 full-text 
studies identifi ed, the impact of different cut-off 
values of bowel wall thickening (3 mm vs. 
4 mm) in determining the presence of CD was 
evaluated. The authors concluded that, using a 
cut-off level of 3 mm as normal, sensitivity and 
specifi city were 88 % and 93 %, respectively. In 
contrast, when a cut-off level of 4 mm was used, 
the sensitivity was 75 % and specifi city 97 %. 
The meta- analysis conducted by Horsthuis et al. 
compared bowel US with MRI, scintigraphy, 
CT, and positron emission tomography, based on 
predefi ned reference standard, in the diagnosis 
of IBD [ 13 ]. No signifi cant differences in diag-
nostic accuracy among the imaging techniques 
were observed. The authors concluded that 
because patients with IBD often needed frequent 
re-evaluation of  disease status, use of a diagnos-
tic modality that does not involve the use of ion-
izing radiation is preferable. In a recent 
systematic review, Panes et al. confi rmed that 

  Fig. 8.1    Small intestine contrast ultrasonography (SICUS): in  panel A  normal appearance of ileal loops; in  panel B  
normal bowel wall (<3 mm) and normal lumen diameter (<25 mm) of the ileum       
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bowel US is an accurate technique for diagnosis 
of suspected CD (sensitivity 84 %, specifi city 
92 %) [ 14 ]. However, the results showed that 
bowel US has, even in expert hands, signifi cant 
rates of false-positive and false- negative fi ndings. 
Thickening of the bowel walls is not specifi c for 
CD, and found also in infectious, neoplastic, and 
other infl ammatory diseases [ 15 ]. 

 Sonographic visualization of the small bowel 
can be improved by fi lling the bowel with an oral 
contrast agent [ 16 ]. Isotonic anechoic electrolyte 
solutions containing PEG, which is used for 
bowel cleansing before colonoscopy, are now 
considered the contrast media of choice. PEG is 
ingested in variable amounts, ranging from 250 
to 800 mL, after an overnight fast. If distention 
and visualization of the bowel are not adequate, 
further aliquots of PEG can be used because it 
does not appear to affect the luminal diameter or 
the wall thickness at any level of the small bowel 
in healthy controls [ 20 ]. Bowel examination can 
be performed immediately, starting to scan con-
tinuously after the ingestion of PEG, and then 
repeated at 20 min intervals until the contrast 
agent is seen to fl ow through the terminal ileum 
into the cecum. Because of the small amount of 
fl uid ingested (usually no more than 500 mL) and 
its palatability, this procedure has been reported 
to be well accepted and safe. None of the studies 
have reported signifi cant side effects or major 
complaints during or immediately after PEG 
ingestion. The use of PEG appears to reduce 
intra-observer variability between sonographers 
and to increase sensitivity in the detection of 
small bowel lesions in CD patients, in defi ning 
disease extent, lesion site, and bowel complica-
tions of CD; thus, it has value in the early diagno-
sis and in the follow-up of CD [ 18 ,  19 ]. 
The accuracy of bowel US in detecting and local-
izing CD lesions within the bowel has been 
assessed in several studies [ 9 ,  21 ,  22 ]. Most of 
these studies agreed in reporting the highest sen-
sitivity (approximately 90 %) of bowel US in 
detecting ileal lesions but less accuracy in lesions 
located in the upper small bowel and rectum. The 
accuracy of detection of CD lesions in the proxi-
mal small bowel can be signifi cantly improved 
with the use of oral contrast agents, whereas the 

sensitivity in detecting ileal and colonic lesions is 
comparable between conventional and oral con-
trast US [ 18 ]. With regard to accuracy in assess-
ing the extent of small bowel involved, different 
authors have shown that the extent of pathologi-
cally thickened bowel wall is signifi cantly corre-
lated with the extent of ileal CD, as measured 
by X-ray, CT-enteroclysis, and surgery [ 21 ,  23 ]. 
The use of oral contrast agents has been proved to 
be of value in accurately defi ning the extent of 
diseased ileal walls, signifi cantly increasing the 
correlation between the sonographic and radio-
graphic extent of ileal disease and reducing inter-
observer variability in defi ning such evaluations 
[ 17 ,  18 ]. These fi ndings suggest that SICUS may 
be used as an alternative technique to invasive 
procedures to assess ileal lesions and monitor 
their progression of CD over time. 

 CEUS is a new sensitive technique to visual-
ize micro-perfusion and has been shown to be 
superior to conventional color or power Doppler 
imaging in determining tumor vascularity [ 24 ]. 
Currently, the clinical value of CEUS in IBD is 
not well defi ned. Most studies on CEUS have 
been feasibility or pilot studies. In a small study 
with histologically confi rmed CD and bowel 
wall thickness >5 mm, contrast enhancement 
was observed after a mean of 13.4 s (±4.2 s; 
range, 7–19 s) with a maximum vascularity after 
30 s [ 25 ]. Migaleddu et al. [ 26 ] evaluated the 
diagnostic accuracy of bowel US, Color-Doppler, 
and CEUS in the evaluation of infl ammatory 
activity in patients with CD. CEUS parameters 
as bowel wall thickness perfusion (trans-mural 
starting from the sub-mucosa or starting from 
extra- visceral vessels) were identifi ed as a quali-
tative method indicating infl ammatory activity 
but these parameters are subjective and less 
standardized [ 26 ].  

    Diagnosis of Complications in CD 

 Bowel stenosis can be detected by bowel US as 
thickened bowel walls associated with a nar-
rowed lumen and increased lumen diameter of 
the proximal loop greater than 25 mm. Stenoses 
are often associated with liquid and gas entering 
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the lumen, and increased peristalsis. Bowel US 
currently diagnoses stenosis in 70–79 % of 
unselected CD patients and in >90 % of those 
with severe bowel stenoses needing surgery, with 
false-positive diagnoses limited to 7 % [ 19 ,  27 , 
 28 ]. The use of PEG leads to a signifi cantly 
greater accuracy of bowel US in detecting the 
presence and the number of stenosis (Fig.  8.2 ). 
SICUS detected at least one or two stenoses in 
>10 % and >20 % more patients, respectively, in 
comparison with bowel US, resulting in a sensi-
tivity of approximately 90 % for detection of a 
single stenosis and >75 % for detection of multi-
ple stenoses [ 18 ,  19 ].  

 Several prospective studies have evaluated the 
role of bowel US in determining the presence of 
internal fi stulae using surgical-pathological fi nd-
ings as the reference standard [ 27 – 30 ]. In one 
study, Gasche et al. reported a sensitivity of 87 % 
and a specifi city of 90 % for bowel US in the 
detection of internal fi stulae [ 27 ]. In the other 
prospective study, Maconi et al. determined the 
accuracy of bowel US and X-ray studies for 
detecting internal fi stulae to be comparable, with 
a sensitivity of 71.4 % for US and 69.6 % for 
X-ray, and specifi city of 95.8 % for both tech-
niques. Maconi et al. showed also that the combi-
nation of these two techniques signifi cantly 
improved preoperative diagnostic performance 
(sensitivity 97.4 % and specifi city 90 %), with 

bowel US being more accurate in detecting 
entero-mesenteric fi stulae while X-ray studies 
were superior in the diagnosis of entero-enteric 
fi stulae [ 29 ]. In a recent study conducted by 
Pallotta et al., SICUS identifi ed fi stulas in 27/28 
patients and excluded in 19/21 patients (96 % 
sensitivity, 90.5 % specifi city) using surgery as 
the gold standard [ 28 ]. 

 CT and MRI are considered to be non-surgical 
gold standard for the diagnosis of CD related 
abscesses [ 31 ]. However, bowel US is also consid-
ered as a fi rst-line procedure mainly because it is 
simple to use. Different studies have prospectively 
assessed the accuracy of bowel US in the detection 
of intra-abdominal abscesses, showing a mean sen-
sitivity and specifi city of 91.5 % and 93 %, respec-
tively [ 27 ,  29 ,  32 ]. In these studies, bowel US 
showed a higher sensitivity in the detection of 
superfi cial intra-peritoneal abscesses, whereas the 
diagnosis of deep pelvic or retroperitoneal 
abscesses was more diffi cult due to the presence of 
overlying bowel gas (Fig.  8.3 ). Pallotta et al. 
showed that intra-abdominal abscesses were cor-
rectly detected in 10/10 patients and excluded in 
37/39 patients (100 % sensitivity, 95 % specifi city, 
 k  = 0.89) by SICUS [ 28 ].  

 The detection of vascular signals by power- 
Doppler US around—but not within—the lesions 
may help to differentiate intra-abdominal 
abscesses from infl ammatory masses. The latter, 

  Fig. 8.2    In  panel A , small intestine contrast ultrasonogra-
phy showed stenosis of the ileum ( white arrowheads  indi-
cate  bowel wall thickness ) with prestenotic dilation ( white 

arrows ) and in  panel B  small bowel loop dilation ( white 
arrowheads  indicate  bowel wall thickness  and  white 
arrows dilation ) in a 20-year-old CD patient       
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in fact, usually appear as mesenteric masses with 
increased color signals inside them, whereas 
abscesses present as fl uid collections with a 
peripheral fl ow [ 30 ,  33 ]. Infl ammatory masses 
and intra-abdominal abscesses, identifi ed or sus-
pected at US, may also be distinguished or con-
fi rmed using CEUS [ 33 ]. The use of intravenous 
contrast-enhancing agents by increasing the 
number and intensity of the color signals not only 
in lesions with previously detected vascularity on 
power-Doppler US, but also in some lesions 
showing no vascularity at the baseline examina-
tion (Fig.  8.4 ) facilitates the diagnosis of infl am-
matory masses in doubtful cases and characterizes 
abdominal masses of 1 cm or more, being even 
more accurate than CT. Findings emerging from 
one retrospective study from Ripolles et al. 
showed that the assessment of vascularity within 
intra-abdominal masses may distinguish infl am-
matory masses and abscesses though this must be 
confi rmed by further studies [ 34 ].   

    Postoperative Follow-Up of CD 
Recurrence 

 The sensitivity of bowel US in identifying 
 endoscopic recurrence after ileocolonic resection 
has been investigated in three studies, showing 
79–82 % sensitivity [ 35 – 37 ]. The use of PEG 
solution increased the sensitivity of bowel US for 
assessing CD recurrence in patients under regular 
follow-up after ileocolonic resection [ 38 – 41 ]. In 
our series, bowel US showed a high sensitivity 
(92.5 %), positive predictive value (94 %), and 
accuracy (87.5 %) for detecting CD recurrence 
lesions using ileocolonoscopy as the gold stan-
dard [ 40 ]. 

 In this setting SICUS provides higher accu-
racy than bowel US as well as proving predictive 
value on the risk of recurrence. Pallotta et al. 
demonstrated that in patients undergoing ileal 
resection for CD, SICUS accurately detects ini-
tial and minimal lesions of CD recurrence at the 
anastomosis level and the severity of the post- 
surgical recurrence by assessing both thickness 
of ileocolonic anastomosis and extent of intramu-
ral lesions of neo-terminal ileum [ 41 ]. Use of 
SICUS in CD postoperative setting is advisable 
given the large number of endoscopic and radio-
graphic investigations to which these patients are 
submitted during the course of their disease.  

    Assessment of CD Activity 

 The assessment of infl ammatory activity in CD is 
mainly based on clinical and laboratory data that 
not entirely satisfactory and suffi cient in order to 
monitor and adjust therapy. Therefore direct eval-
uation of infl ammatory activity in CD by bowel 
US has been suggested, to date the role of bowel 
US in the assessment of CD activity remains con-
troversial. Attempts have been made to correlate 
wall thickness with disease activity particularly 
with the Crohn’s disease activity index (CDAI). 
Maconi et al. showed that the degree of bowel 
wall thickening and extent of the thickened bowel 
wall on US showed a signifi cant but weak direct 
correlation between these features and clinical 

  Fig. 8.3    Bowel ultrasonography showed small abscess 
( white arrows ) and fi stulas ( white arrowhead ) in the right 
lower quadrant near the terminal ileum in a 40-year-old 
CD patient       
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and biochemical parameters [ 21 ]. In a large series 
of patients, Hirche et al. showed that bowel wall 
thickness was signifi cantly higher compared to 
normal (4.9 ± 2.7 mm versus <2.0 mm) and 
greater in active (CDAI > 150) than in inactive dis-
ease (CDAI < 150): 5.8 ± 2.9 mm versus 
4.3 ± 2.2 mm ( p  < 0.0001) [ 42 ]. Furthermore a sig-
nifi cant correlation was found between maximum 
bowel wall thickness and disease activity score in 
children and young adults [ 43 ]. The echopattern 
of bowel wall in defi ning CD activity has been 
investigated in a Japanese study comparing US 
images and in vitro histopathological fi ndings of 
resected bowel specimens. The authors demon-
strated that the loss of stratifi cation (hypoechoic 
echopattern) and the degree of maximum bowel 
wall thickness correlated with the severity of 
infl ammation [ 44 ]. Moreover different studies 

evaluated the relationship between bowel US and 
disease severity assessed by endoscopy and his-
tological fi nding show a good correlation between 
US fi ndings and CD activity assessed by endos-
copy [ 45 – 47 ]. 

 Also the vascularity of the bowel walls assessed 
by power-Doppler US has been evaluated as a 
quantitative method for determining CD activity. 
Vascularity within the bowel wall has been evalu-
ated using a subjective scoring system according to 
the semi-quantitative intensity of color signals and/
or by the analysis of Doppler curves (measurement 
of resistive index) obtained from vessels detected 
within the bowel wall. In most studies, no correla-
tion between US parameters and clinical or bio-
chemical activity was observed, while vascularity 
evaluations and endoscopic/radiological activity 
often correlated [ 45 ,  48 – 53 ]. 

  Fig. 8.4    In  panel A , bowel ultrasonography showed a 
3 cm mass ( white arrows ) in the right lower quadrant in a 
22-year-old female with ileocolonic CD. In  panel B , the 
use of intravenous contrast-enhancing agent (SonoVue ® , 

Bracco) allows for the differentiation between infl amma-
tory masses and abscesses. No vascular lesion represent-
ing an abscess was detected by CEUS in the large 
infl ammatory mass ( white arrows )       
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 To increase the sensitivity of Doppler US in 
detecting vascularity of the diseased bowel wall, 
US intravenous contrast agents have been intro-
duced. Despite some positive fi ndings, the effec-
tiveness of intravenous contrast agents in detection 
and assessment of bowel US activity of CD 
remains controversial [ 26 ,  54 ,  55 ]. Migaleddu 
et al. reported in a prospective study that CEUS 
showed 93.5 % sensitivity, 93.7 % specifi city, and 
93.6 overall accuracy in detecting infl ammatory 
activity, calculated using endoscopy/biopsy as the 
gold standard. The linear correlation coeffi cient 
for CEUS versus CDAI was 0.74 ( p  < 0.0001) [ 26 ]. 
In a prospective study, Ripolles et al. reported sen-
sitivity and specifi city of 96 % and 73 %, respec-
tively, in the prediction of moderate or severe 
grade of infl ammation at CEUS using endoscopy 
as the gold standard [ 55 ]. In another study one 
hundred and four consecutive patients with CD 
were prospectively examined using CEUS with 
respect to the disease activity index [ 54 ]. It was 
found that the pattern of contrast enhancement and 
the ratio of enhanced to entire wall thickness had a 
positive predictive value of 63.0 % and 58.6 %, 
respectively, in distinguishing active from inactive 
disease. Some authors postulated that CEUS can 
also provide prognostic data concerning relapse 
and/or response to therapy. 

    Perianal Disease 

 Transperineal ultrasound (TPUS) is a simple, 
non-invasive and low-cost ultrasonographic tech-
nique, which can be usefully employed to study 
the pelvis and perianal infl ammatory diseases in 
static and dynamic evaluations [ 56 – 60 ]. TPUS 
can be performed with patient in the left lateral 
position by placing the transducer on the 
perineum, with the probe directly above the anus. 
Several studies showed that TPUS is accurate in 
detecting the number of perianal fi stulas and 
abscesses with results comparable to that of pel-
vic MRI and EUS [ 58 ,  61 – 63 ], and it can also pro-
vide a correct classifi cation of perianal fi stulas 
according to the Park’s classifi cation with sensi-
tivity greater than 85 % [ 63 ,  64 ]. It can also be 
useful in patients with anal stenosis, in children 

and patients where for different reasons, 
 radiographic cross-sectional imaging modalities 
are contraindicated or not appropriate [ 60 ]. 
However, despite the obvious advantages of the 
TPUS, it is not widely used in the detection of 
perianal fi stulae and abscesses.   

    Limits of Bowel US 

 Limitations of bowel US have been identifi ed in 
several studies. Bowel US is associated with a sig-
nifi cant rate of false-negative results even in the 
hands of experienced operators, for example in 
obese patients. Bowel US has no multi-planar 
capabilities, as with CT and MR enterography/
enteroclysis [ 14 ,  65 ,  66 ]. Inter-observer agree-
ment between sonographers with various degrees 
of experience in bowel US, and its learning curve, 
needs to be investigated further. Preliminary result 
from an Italian study evaluated whether bowel US 
signs used in CD can be standardized and showed 
a fair to good reproducibility among six sonogra-
phers. In particular bowel wall thickness, the most 
relevant parameter for CD detection, showed an 
excellent reproducibility [ 67 ]. Further studies will 
imply the assessment, in a larger sample of 
patients, of the inter-observer agreement among 
different operators.     
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       Abbreviations 

  ADC    Apparent diffusion coeffi cient   
  ASIR    Adaptive statistical iterative 

reconstruction   
  bSSFP       Balanced steady state free precession   
  CD    Crohn’s disease   
  CEUS    Contrast-enhanced ultrasound   
  CNR    Contrast to noise ratio   
  DCE-MRI    Dynamic contrast-enhanced mag-

netic resonance imaging   
  DWI    Diffusion weighted imaging   
  FBP    Filtered back projection   
  FDG-PET    Flouro-deoxy-glucose positron emis-

sion tomography   
  MI    Motility index   
  MT    Magnetization transfer   
  SSFSE    Single shot fast spin echo   
  SNR    Signal to noise ratio   

          Introduction 

 The imaging of Crohn’s disease (CD) has 
evolved rapidly in past two decades improving 
noninvasive assessment of the disease and its 
complications, however, there remain major 
opportunities for imaging to play an even bigger 
role in clinical decision making. One such 
opportunity is the differentiation of active 
infl ammation that will be responsive to medical 
therapy from fi brostenotic disease that requires 
surgical intervention. Another opportunity is 
assessing and monitoring response to therapy. In 
response to these clinical needs, there are emerg-
ing new imaging methods. New imaging tech-
niques are moving beyond anatomic imaging to 
provide functional and histologic information 
about tissue compositions and infl ammation. 
Emerging techniques are increasingly becoming 
more quantitative. In addition, there is increased 
awareness of radiation exposure that brings 
attention to radiation reduction techniques or 
imaging techniques that do not expose the 
patients to the ionizing radiation. In this chapter, 
we will discuss advances in MR enterography, 
CT enterography, PET imaging, and ultrasound 
of Crohn’s disease. We will discuss the most 
recent advances that are being applied clinically, 
as well as novel techniques that are not yet ready 
for clinical application.  
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    Advances in MR Enterography 

    High Resolution MR Images 

 Single shot fast spin echo (SSFSE) and balanced 
steady state free precession (bSSFP) are the 
workhorses of the MR enterography protocol. 
While these are very fast sequences with a rea-
sonable spatial resolution, there is room for 
improvement on the spatial resolution. Higher 
resolution could offer more detailed assessment 
of the diseased bowel loops particularly of the 
mucosal changes that remain practically out of 
reach of the standard MR enterography protocol. 
By focusing the imaging on the segments of 
bowel with suspected active disease, it would be 
possible to obtain higher resolution images that 
can offer better evaluation of subtle disease. 
Sinha et al. [ 1 ] described an imaging protocol in 
which the radiologist evaluated the standard MR 
sequences to select bowel segments for further, 
high resolution evaluation. The selected seg-
ments would then be imaged with fat suppressed 
bSSFP and SSFSE sequences with a small fi eld 
of view and higher resolution. The images were 
aligned parallel and perpendicular to that bowel 
segment and obtained with contiguous thin 
2–3 mm sections. Multi-planar and endoluminal 
views could then be reconstructed. Using this 
technique, the diagnostic confi dence was increased 
by depicting aphthous ulcers and transmural and 
mesenteric changes. This technique can allow for 
more accurate characterization and classifi cation 
of CD. In a subsequent study [ 2 ], the authors 
added high resolution bSSFP sequences obtained 
in each of the four abdominal quadrants to the 
standard protocol. This added only 3 min to the 
length of the study. Furthermore, the standard 
images were also reviewed by the radiologists to 
select potential other segments for further evalu-
ation. Using this protocol they reported higher 
accuracy of the high resolution MR enterography 
in the diagnosis of bowel ulceration, fi stulae, and 
abscesses [ 2 ].  

    3Tesla MR Imaging 

 High magnetic fi eld imaging is becoming more 
clinically plausible with increasing availability 
of 3T MRI in many centers. MR enterography with 
3T MRI offers benefi ts that are of particular rel-
evance in bowel imaging. Compared to 1.5T MRI, 
3T MRI increases the signal to noise ratio (SNR) 
by about 1.7–1.8-fold [ 3 ,  4 ] which can translate 
into improving the special resolution or reducing 
the scan time. Contrast to noise ratio (CNR) is 
also increased which translated into increased 
conspicuity of enhancing structure and lesions, as 
well as decrease in the amount of Gadolinium 
needed. In addition, fat suppression in 3T can be 
more homogeneous than in 1.5T. The use of par-
allel acquisition techniques further improves the 
SNR and temporal resolution and mitigates some 
of the disadvantages of 3T imaging. 

 Studies have demonstrated feasibility of per-
forming high quality MR enterography on 3T 
[ 5 ,  6 ] and have shown strong correlation between 
MRI fi ndings and endoscopic activity in ileoco-
lonic disease [ 7 ] and in terminal ileitis [ 8 ]. In a 
more recent study, 3T MR imaging was equally 
accurate to 1.5T MR imaging in evaluating ileo-
colonic CD and was superior in detecting muco-
sal ulcers [ 9 ]. The mean length of the examination 
was 30 min for the 1.5T MR and 20 min for the 
3T MR. 

 3T MR in body imaging has traditionally 
posed technical challenges, many of which have 
been tackled successfully in the recent literature. 
3T MR imaging results in increasing artifacts and 
increasing energy deposition [ 3 ,  4 ,  10 ]. Three 
commonly encountered artifacts in 3T imaging 
are B1-inhomogeneity artifact (also referred to as 
standing wave artifact or dielectric effect), chem-
ical shift artifact of the fi rst type, and susceptibil-
ity artifact (Fig.  9.1 ). The challenges have been 
mitigated by the use of parallel imaging as well 
as the use of torso coils instead of body coils. 
Additional specifi c solutions for specifi c artifacts 
have also been proposed including dielectric pads 
and adjusting the sequence parameters.  
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 The bSSFP sequence remains to be the 
sequence that poses the greatest challenge in 3T 
imaging of the bowel, particularly when applying 
fat suppression. In a continuing effort to resolve 
these problems a modifi ed form of bSSFP has 
been presented to optimize abdominal imaging at 
3T with fat suppression [ 11 ]. Using this modifi ed 
sequence, known as alternating TR-SSFP, the 
authors were able to obtain a fat suppressed high 
contrast 3D-isotropic abdominal image within a 
single breath-hold. Similar ongoing advances in 
pulse sequence design, parallel imaging, and coil 
design will continue to promise improved MR 
imaging of the abdomen at higher magnetic fi eld 
strength.   

    Dynamic Contrast-Enhanced 
Magnetic Resonance Imaging 

 Dynamic contrast-enhanced magnetic resonance 
imaging (DCE-MRI) is a technique used to 
assess tissue perfusion by repeatedly scanning 
the organ of interest before, during and after the 
infusion of contrast (Fig.  9.2 ). The images 
acquired can visually demonstrate the uptake of 
contrast in the tissue highlighting areas of altered 
perfusion. More importantly the images are ana-
lyzed in various ways to extract parameters that 
indicate regions of altered perfusion and draw 
conclusion about underlying disease processes. 
These parameters can also be used for quantitative 
assessment of tissue perfusion, which is a growing 

aspect of quantitative imaging and quantitative 
assessment of treatment response (Fig.  9.3 ). The 
use of DCE- MRI is mostly popular in oncologic 
imaging such as breast and prostate cancer. 
Active infl ammation is also another cause of 
increased tissue perfusion, which makes this 
technique of interest in the imaging of CD. 
Actively infl amed bowel segments demonstrate 
increased enhancement [ 12 – 16 ] with an early 
hyperenhancement that increases over time till a 
plateau is reached [ 17 – 20 ] (Fig.  9.4 ). Actively 
infl amed bowel has also been observed to display 
a different enhancement pattern than inactive dis-
ease [ 18 ,  21 ,  22 ]. Using DCE-MRI, these altered 
patterns of enhancement can be detected and 
used to assess disease activity and extent. Studies 
have shown a correlation between dynamic 
enhancement parameters such as peak uptake and 
slope of enhancement curve and the clinical 
activity of the disease [ 17 ] and the infl ammatory 
activity on biopsy [ 23 ,  24 ]. The parameters that 
describe the enhancement curve (signal vs. time) 
are referred to as semi- quantitative parameters. 
These parameters describe the pattern of enhance-
ment, which can be compared with other seg-
ments of bowel. The exact values of these 
parameters, however, can’t be compared across 
patients and studies. More recently a new set of 
parameters have been described which are 
more quantitative and at least theoretically can 
be replicated across studies and across patients. 
Quantitative DCE-MRI analysis has been applied 
to MR enterography yielding early promising 
results. In quantitative analysis, pharmacokinetic 
models are used to convert the signal intensity to 
tissue concentration of Gadolinium and calculate 
parameters that refl ect the tissue perfusion. The 
infl amed bowel segments have been shown to 
demonstrate faster  K  trans  values and larger  V  e  val-
ues [ 20 ].  K  trans  is the transfer constant between the 
intravascular to the extravascular extracellular 
space.  V  e  is the volume of the extravascular extra-
cellular space per unit volume of tissue (Fig.  9.5 ). 
In addition to distinguishing areas of active 
infl ammation, these semi-quantitative and quan-
titative parameters have the potential to monitor 
response to treatment. More efforts to standard-
ize image acquisition and analysis and more 

  Fig. 9.1    bSSFP image obtained on a 3T MRI scanner 
demonstrating abnormal ascending colon in the right 
lower quadrant ( arrow )       
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studies to confi rm the clinical utility of these 
parameters are needed. Acquisition of DCE-MRI 
is within the reach of most radiology practices 
but require a high degree of MRI expertise, how-
ever, the software packages commercially avail-
able for analysis are not optimized for bowel 
imaging making the application of this technique 
limited to research at the time.      

    Diffusion Weighted Imaging 

 Diffusion weighted imaging (DWI) is an MRI 
sequence where the signal intensity refl ects the 
degree of restricted motion of water molecules; a 
phenomenon that is most notable in malignancies 

and infl ammation. Much of the attention has been 
primarily focused on the role of DWI in evaluat-
ing patients with cancer. The increased cellularity 
of tumors leads to more restriction in the diffusion 
of the water molecules due to their interaction with 
intact cell membranes and entrapment within 
the intracellular compartment. DWI is sensitive 
to water molecules exhibiting restricted diffusion. 
A value known as “b-value” determines the rela-
tive contribution of non-restricted and restricted 
water molecules to the signal. The higher the 
b-value the lower the contribution from unre-
stricted water molecules to the signal and therefore 
the signal refl ects the diffusion restriction. By 
imaging at least 2b-values, the apparent diffusion 
coeffi cient (ADC) can be calculated such that the 

  Fig. 9.2    Dynamic contrast enhanced images of small 
bowel in a normal patient. This patient had 90 post-con-
trast phases through the entire small bowel segment. Nine 
representative images are shown here for illustration, the 
fi rst of which is before the start of the infusion. Arterial 

enhancement is seen in the aorta ( dashed arrow ) shortly 
after infusion of contrast followed by enhancement of the 
jejunum ( arrow head ) followed by enhancement of ileum 
( solid arrow )       
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more the restricted diffusion, the lower the ADC 
value. The ADC value therefore allows for quan-
titative analysis, a potential strength of DWI. 
It has long been recognized that certain infl am-
matory processes may likewise demonstrate 
restricted diffusion. While this phenomenon is 
more challenging to explain and is likely multi-
factorial, it has nevertheless led to an emerging 
interest in using DWI as a quantifi able indicator 
of infl ammation in the abdomen. 

 Infl amed bowel segments have been shown to 
demonstrate restricted diffusion compared to 
normal bowel [ 25 ,  26 ] (Fig.  9.6 ). Using DWI and 
quantitative DCE-MRI parameters, Oto et al. 
showed that actively infl amed small bowel seg-
ments can be differentiated from normal small 
bowel loops in patients with CD [ 25 ]. The combi-
nation of DWI and DCE-MRI improved the spec-
ifi city for detection of active infl ammation [ 25 ]. 

DWI was more sensitive than DCE-MRI in that 
study. Kiryu et al. reported a sensitivity, specifi c-
ity, and accuracy of 86.0 %, 81.4 %, and 82.4 %, 
respectively, for DWI in the detection of 
 disease- active segments [ 27 ]. In a study [ 28 ] of 
132 patients including 848 segments of bowel 
where DWI was compared to standard contrast 
MR enterography, DWI was found to be accurate 
in detecting and assessing disease activity and 
differentiating active from non-active colonic 
CD. Overall, sensitivity, specifi city, and accuracy 
for detecting active disease were 93.7 %, 98.7 %, 
and 97.6 %, respectively. The accuracy was 
higher in colonic disease than in ileal disease. 
Using the ADC as a quantitative indicator of dis-
ease activity, it was found that the ADC was sig-
nifi cantly lower in active segments than inactive 
segments (Fig.  9.7 ). A threshold ADC value of 
1.9 × 10 −3  mm 2 /s was determined based on the 

  Fig. 9.3    Concentration curves estimating the contrast 
concentration in various bowel segments in a normal 
patient showing the normal enhancement pattern. These 

 curves  are further analyzed to extract quantitative param-
eter the refl ect tissue perfusion          
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  Fig. 9.4    Concentration curves estimating the contrast 
concentration in abnormal transverse colon ( middle 
image ) compared to normal ascending colon ( top image ) 

and normal terminal ileum. The actively infl amed trans-
verse colon demonstrates early hyperenhancement and a 
degree of washout       
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ROC curve which had a sensitivity and specifi c-
ity of 93.7 % and 96.0 %, respectively, in differ-
entiating active from inactive disease. Based on 
these results, the authors concluded that a scoring 
system based on DWI was a reliable tool for 
assessing infl ammation in CD. In another smaller 
[ 29 ] study, DWI was compared to CT enterogra-

phy demonstrating strong correlation between 
the two imaging modalities. A study in the pedi-
atric population [ 30 ] showed a strong correlation 
between restricted diffusion and multiple tradi-
tional MRI fi ndings of active infl ammation 
including bowel wall thickening, increased arte-
rial phase post-contrast enhancement, striated 

  Fig. 9.5    Color maps of two quantitative parameters  K  trans  and  V  e  obtained from pixel by pixel analysis. These maps, 
which are commonly employed in other application of the DCE MRI, can be a quick visual to evaluate areas of disease          

  Fig. 9.6    Diffusion 
weighted imaging 
demonstrates increased 
signal in an actively 
infl amed segment of the 
ascending colon in the 
right lower quadrant 
( arrow )       
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pattern of arterial phase post-contrast enhance-
ment, increased delayed phase arterial enhancement, 
and increased adjacent mesenteric infl ammatory 
changes. Another study [ 31 ] in the pediatric pop-
ulation has shown that DWI has comparable 
diagnostic accuracy to contrast enhanced MRI 
and has the potential to replace the need for 
contrast. The majority of the studies discussed 
are limited by the lack of a gold standard such as 
histopathology; nevertheless, they highlight the 
potential of DWI in the imaging of CD. In our 
experience, we are recognizing segments of 
active disease have greater conspicuity on DWI 
sequences, which anecdotally increases our sen-
sitivity and confi dence in detecting active dis-
ease. The future may hold bigger role for DWI 
in the imaging of CD, particularly given the 
potential for using the ADC value as quantitative 
marker of disease activity. One potential role 
would be in qualitative and quantitative assess-
ment of response to treatment which can be done 
using the ADC value.    

    MR Motility Imaging Techniques 

 MR motility Imaging or cine MR enterography 
refers to real time images with high temporal 
resolution (~1 s) obtained by iterative acquisition 
of ultrafast bSSFP or SSFSE images through a 
coronal slab of the abdomen to evaluate the small 

bowel peristalsis. It is used to identify areas of 
altered motility, specifi cally focal areas of paraly-
sis or hypomotility. The most direct use of motil-
ity imaging is to differentiate areas of functional 
stenosis from scarring and strictures [ 23 ] 
(Fig.  9.8 ). In addition, MR motility may comple-
ment static images by highlighting areas of subtle 
disease that may present as area of altered motil-
ity. Froehlich et al. [ 32 ] detected a larger number 
of CD-specifi c fi ndings on cine MR enterography 
combined with static MR enterography than on 
static MR enterography alone. They identifi ed 
segments of altered motility and then evaluated 
these segments on the static MR enterography to 
identify corresponding anatomic abnormalities. 
The CD-specifi c fi ndings identifi ed included wall 
thickening, stenosis, wall layering (thickened 
wall combined with alternating hyperintense and 
hypointense layers within the wall), ulcers, the 
comb sign, fi stulas, and abscess. They also 
 identifi ed signifi cantly more patients with CD 
than identifi ed on MR enterography alone. 
Kitazume et al. described the fi nding of asym-
metric involvement or mesenteric rigidity with 
antimesenteric fl exibility that correlated with 
longitudinal ulcer in small-bowel CD [ 33 ].  

 The use of motility imaging in clinical practice 
remains qualitative and largely subjective, how-
ever, there is increasing interest in the litera-
ture towards more quantitative assessment of 
motility. Software tools for automated evaluation 

  Fig. 9.7    Apparent 
diffusion coeffi cient map 
obtained from analysis of 
the DWI data which 
demonstrate low ADC 
value ( dark signal ) in the 
wall of an actively 
infl amed segment of 
ascending colon in the 
right lower quadrant 
( arrow )       
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and quantitative analysis of bowel motility on cine 
MR enterography techniques have been developed 
but are not yet commercially available [ 34 – 36 ]. 
The most commonly reported and perhaps the 
easiest to conceptualize method to quantify 
motility is based on tracking the bowel diameter 
to calculate the number of contraction per minutes, 
contraction amplitudes, and other variation of 
contraction assessments [ 35 ,  37 – 41 ]. Various 
other methods and parameters have been described 
in the literature [ 39 ,  42 – 45 ]. Menys et al. quanti-
fi ed the motility of the terminal ileum using a 
new parameter, motility index (MI), and showed 
a signifi cant difference in motility between non-
infl amed and infl amed terminal ileum in 28 
patients with CD [ 35 ]. The MI was negatively 
correlated with the acute infl ammation score that 
was assigned on biopsy, suggesting a role for 
quantifi ed motility in assessing disease activity. 
Similar results were reported by Cullmann et al. 
with strong correlation between motility changes 
and histopathologic findings in both active 
and chronic CD [ 38 ]. In a subsequent paper, 
Menys et al. evaluated changes in motility in 
and around strictures showing quantifi able differ-
ences between prestricture, strictured, and normal 

bowel [ 37 ]. However, in a latter study [ 39 ] of 
motility in 20 healthy volunteers, the authors 
pointed out the large variation in motility of dif-
ferent segments of small bowel within the same 
individual and at the same location at different 
times. On the other hand, global motility quanti-
fi cation was shown to be repeatable in healthy 
subjects [ 42 ] and sensitive to changes induced by 
medication [ 42 ,  44 ]. These results are useful and 
relevant in evaluation of CD since it has been 
shown that global motility is affected in patients 
with active CD compared to patients with chronic 
CD and to healthy volunteers even within distant 
non-affected segments [ 41 ]. These global altera-
tions in motility was also shown to correlate with 
C-reactive protein and calprotectin [ 46 ]. 

 There have been two general approaches to 
acquiring motility imaging with regard to tech-
nique. Breath-hold techniques is one approach that 
avoids the interference from breathing motion 
when analyzing the motility imaging. However, 
this allows for only short duration of motility 
imaging which limits qualitative and quantita-
tive assessment of motility. Alternatively, free 
breathing techniques allow for longer duration 
of imaging at the expense of interference from 

  Fig. 9.8    Fixed focal narrowing in the ileum demonstrated 
on motility imaging (bSSFP cine image). Multiple snap-
shot images at various time points of the cine image dem-

onstrate the fi xed stricture. The bowel loop just proximal 
to the narrowing is mildly dilated       

 

9 Diagnostics: The Future



140

breathing motion. Recently, automated breathing 
correction have been described [ 36 ,  47 ] and have 
been shown to be reliable [ 36 ].  

    Magnetization Transfer 

 Assessing the degree of fi brosis in the affected 
segments of bowel in CD has major implications 
on the choice of treatment. While areas of active 
infl ammation may respond to medical therapy, 
areas of fi brosis usually require surgical interven-
tion. Most of the current imaging techniques pro-
vide at best an indirect evaluation of fi brosis with 
the recognition that there is signifi cant overlap 
between fi brosis and infl ammation on imaging 
[ 12 ,  48 ]. Magnetization Transfer (MT) is a novel 
MR technique that promises to directly image 
and quantify fi brosis differentiating it from 
edema and infl ammation. MT-MRI generates 
contrast that is primarily determined by the frac-
tion of large macromolecules or immobilized 
phospholipid cell membranes in tissue, therefore, 
stiff body substances such as muscle or fi brotic 
tissue has a high magnetization transfer effect. 
Adler et al. have shown that MT ratio correlates 
with tissue collagen in the rat’s fi brotic bowel 
wall injected with peptidoglycan–polysaccharide, 
but it remained unchanged in the control rats that 
demonstrated infl ammation but no fi brosis [ 49 ]. 
In a subsequent paper, the rats were injected with 
anti-TNF-alpha after the injection peptidoglycan–
polysaccharide which resulted in less intestinal 
fi brosis and therefore less tissue collagen on 
histology. MT-MRI measurably demonstrated 
the decrease in intestinal fi brosis. Pazahr et al. 
have shown that MT imaging of the small bowel 
wall is feasible in humans with suffi cient image 
quality and may help with the identifi cation of 
fi brotic scarring in patients with CD [ 50 ]. These 
early results indicate a potential role for MT in 
assessing bowel fi brosis. MT-MRI may distin-
guish between    infl ammatory changes that can 
respond to medical management and fi brotic 
changes that may require surgery or new thera-
peutic agents. It may also evaluate response to 
new therapeutic agents targeted at treating fi brotic 
strictures.  

    Advances in CT Enterography 

 With the growing concern about the radiation 
exposure in younger patients, particularly in 
patients with CD, there is an ongoing effort to 
minimize the radiation dose from CT enterogra-
phy without affecting the diagnostic quality. 
These dose reduction methods are particularly 
valuable in patients with CD. The majority of 
patients with CD are young, increasing the risk of 
late radiation effects [ 51 ]. Additionally, repeated 
imaging results in a large cumulative radiation 
dose with some patients receiving fi ve to ten CT 
scans [ 52 ]. Patients with CD also already have 
background risk of neoplasia and in addition are 
co-exposed to potentially synergistic agents as 
part of their medical treatment, which further 
increases the risk of neoplasia [ 53 ]. 

 Standard strategies for minimizing radiation 
dose have been employed in abdominal imaging 
[ 54 – 57 ] including use of low tube current, low 
tube voltage, and automatic tube current modula-
tion. These techniques are limited by their effect 
on the image quality and noise level. New tech-
niques of iterative reconstruction are allowing for 
low-dose CTs while maintaining or even improv-
ing the image quality. 

 Iterative reconstruction is a computational 
technique used to generate images from the raw 
projection data acquired by the CT scanner. It 
replaces the currently used conventional tech-
nique known as fi ltered back projection (FBP). 
Iterative reconstruction techniques generate 
images with less noise; this translates into the 
ability to acquire images at lower radiation doses 
while maintaining a comparable quality and 
noise level with the conventional methods. The 
benefi ts of iterative reconstruction are achieved at 
the cost of longer computational processing time. 
True iterative reconstruction methods demand 
advanced computation hardware and lengthy 
reconstruction that limits their clinical utility. 
Hybrid techniques that incorporate    both FBP and 
iterative reconstruction allow more rapid recon-
struction which is more practical for clinical 
applications. Multiple vendor specifi c variants of 
these hybrid iterative reconstruction techniques 
are available commercially. 
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 Using adaptive statistical iterative reconstruc-
tion (ASIR), Kambadakone et al. [ 58 ] reported a 
34 % reduction in radiation dose compared to 
standard CT without compromise to image qual-
ity or noise levels. In fact in this study the image 
quality was improved and the image noise level 
was reduced. Kaza et al. [ 59 ] compared the stan-
dard 120 kVp tube voltage with a low-tube- 
voltage technique of 80 kVp in which ASIR have 
been applied. The 80 kVp images were adequately 
diagnostic with an average dose reduction of 
71 %. The image quality was decreased and the 
noise level was higher on the 80 kVp images, but 
the accuracy metrics were comparable with the 
120 kVp images. Johnson et al. [ 60 ] used a low-
tube-current of 100 kVp and applied an iterative 
reconstruction technique known as SAFIRE to 
achieve a 33 % dose reduction with no loss of 
image quality or increase in noise. O’Niel et al. 
[ 61 ] were able to reduce the radiation dose to 
1.3 ± 0.8 mSv. In the subset of patients with nor-
mal or low BMI the mean effective dose was 
0.84 mSv. These reduced doses represent more 
than 70 % dose reduction of the conventional-
dose approach used at that institution. To put these 
values in prospective, the sub- millisievert radia-
tion doses reported here are comparable to radia-
tion doses from standard plain radiographs of the 
abdomen. In order to achieve this level of dose 
reduction, the image quality was slightly compro-
mised and a higher noise level was accepted, how-
ever, the authors reported that the diagnostic 
accuracy of the scan was adequate yielding com-
parable information regarding extent, activity, and 
complications of CD when compared to conven-
tional-dose technique. 

 Other noise-reduction techniques have been 
described that can be applied to CT images with-
out the need for image reconstruction from the 
raw projection data, as is the case with iterative 
reconstruction. The advantage of these methods 
is that they are not tied down to the reconstruc-
tion algorithm on the scanner and can be applied 
using a standard computer at a short processing 
time. Guimarães et al. [ 62 ] applied a novel 
denoising algorithm (projection-space denois-
ing—PSDN) to CT data obtained at 50 % noise 

reduction with low-voltage (80 kV) and demon-
strated they approached the quality of full-dose 
exams. It is also possible to combine these vari-
ous noise-reduction methods to achieve higher 
quality images at lower doses [ 55 ] though the 
exact combinations and potential compound ben-
efi ts have yet to be described. 

 Dual energy CT is perhaps the latest major 
development in CT scanner technology that is 
commercially available. Images are acquired 
simultaneously or near-simultaneously at two 
energy levels (most commonly 80 and 140 kVp) 
which can be analyzed to provide information 
about tissue composition and improve detection 
of iodine containing substances. The use of dual 
energy CT in bowel imaging remains relatively 
uninvestigated. Low kVp images display greater 
density of contrast agent than standard images 
[ 63 ] and therefore 80 kVp images obtained at 
dual energy CT may be more helpful for low does 
enterography protocols [ 62 ]. Aside from dose 
reduction, dual energy CT has the theoretical 
potential for quantifying the degree of enhance-
ment of the bowel wall. Using dual energy CT, 
iodine-only images can be obtained that can 
highlight the degree of mural enhancement. 
Preliminary studies have used this technique to 
asses polyp enhancement in phantom model [ 64 ] 
and distinguish mural enhancement from high 
density intraluminal contrast in animal models 
[ 65 ]. Iodine quantifi cation techniques using dual 
energy CT have been reported in renal lesions 
[ 66 ] and mediastinal lymph nodes [ 67 ]. This sug-
gests a possible role of dual energy CT in 
 quantifying the degree of enhancement as an 
indicator of infl ammation or response to treat-
ment, however, to date there are no studies that 
have investigated iodine imaging or quantifi ca-
tion in CD.  

    Advances in PET Imaging 

 While scintigraphy with radiolabeled leukocytes 
has been considered as an acceptable imaging 
approach according to the ECCO (European 
Crohn’s and Colitis Organisation) and ESGAR 
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(European Society of Gastrointestinal and 
Abdominal Radiology), the potential role of 
PET-CT is yet to be defi ned [ 68 ]. FDG-PET 
(Flouro-deoxy-glucose positron emission tomog-
raphy) is widely used in oncologic imaging 
where increase in metabolic activity of the tumor 
leads to increased glucose metabolism which 
translated into increased FDG update that can be 
imaged with PET. The increased uptake of FDG 
in infl ammation is recognized as well and is the 
basis for the use of FDG-PET in imaging of 
infl ammatory bowel disease. The use of PET-CT 
allows for better localization of the infl amed 
bowel, which is very important in imaging of 
CD. The literature supporting the potential role 
of FDG-PET dates back to the late 1990s [ 69 ,  70 ]. 
Multiple studies since have demonstrated the 
ability of PET-CT to identify infl amed small and 
large bowel [ 71 – 75 ]. In a meta-analysis [ 76 ] of 
seven studies including 219 patients with IBD, 
the pooled sensitivity was 85 % [95 % confi dence 
interval (CI) 81–88 %], and the pooled specifi city 
was 87 % [95 %CI 84–90 %] for detection of 
active infl ammation. Some of the studies have 
combined PET with CT enterography showing 
correlation between area of increased FDG 
uptake and abnormal segments on CT enterogra-
phy [ 77 ,  78 ]. Few studies [ 79 ,  80 ] that evaluated 
the role of PET-CT in delineating the degree of 
active infl ammation versus chronic fi brostenotic 
strictures found that PET-CT was not reliable in 
making that distinction. In a small study of seven 
patients [ 81 ], PET was shown to improve thera-
peutic decisions. In another small study of fi ve 
patients [ 82 ], there was demonstrable decrease in 
FDG uptake in the affected bowel segments 
following. 

 Future developments may focus on new 
radiopharmaceuticals that can be more specifi c 
for infl ammation and distinguishing it from 
normal bowel and from chronic fi brostenotic 
disease. Technical developments may continue 
to improve resolution and sensitivity and 
decrease the radiation dose. Finally, the recent 
introduction of PET-MR scanners may present 
an opportunity for a new powerful method of 
evaluating IBD.  

    Advances in Ultrasound 

 Contrast enhanced ultrasound (CEUS) is a 
relatively new technique for evaluation of bowel 
wall perfusion in the infl amed bowel segments of 
patients with CD. Gray scale and color Doppler 
US are initially performed and an infl amed bowel 
segment with bowel thickening is selected for fur-
ther evaluation with CEUS. The segment in ques-
tion is visualized in real time under US during the 
IV administration of microbubble contrast agent. 
The degree and pattern of enhancement of the 
bowel wall is assessed and has been shown to cor-
relate with disease activity [ 83 ,  84 ]. The enhance-
ment can be further assessed quantitatively using 
software package installed on the US machine or 
on separate external workstations. The software 
can generate brightness-time curve for manually 
defi ned regions of interest and different parame-
ters can be calculated from these curves. Most 
commonly, a threshold brightness value is set to 
defi ne abnormal versus normal mural enhance-
ment which has been shown to be sensitive for 
predicting moderate or severe infl ammation [ 85 ]. 
Quantitative CEUS is a promising technique to 
assess disease activity [ 86 ,  87 ] and distinguish 
infl ammation from fi brostenotic lesions [ 88 – 90 ]. 
The quantitative analysis of enhancement allows 
for assessment and monitoring of pharmacologic 
treatment response [ 91 ,  92 ] as well as detection of 
postoperative recurrence [ 93 ]. 

 Another recently described advance in US of 
CD is US elastography which is a noninvasive 
method for evaluating tissue stiffness using 
 ultrasound waves. An initial study in CD animal 
model showed that US elastography can accu-
rately distinguish fi brosis from acutely infl amed 
bowel [ 94 ].     
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 Introduction

Patients and medical doctors often perceive 
Crohn’s Disease (CD) surgery as a management 
“last resort”—i.e., a potentially dangerous outcome 
only to be contemplated “when all else fails.” 
Terminal Ileal (TI) disease, however, most often 
coupled with limited disease involving the cecum 
(ileocecal disease) represents a particular manifes-
tation of CD that solicits a rethinking of this prin-
ciple. The primary reasons that early surgical 
therapy should often be considered are: (1) the vast 
majority of CD patients, regardless of treatment, 
will require at least one surgical resection during 
their lifetime, (2) the ultimate development of a 
short bowel syndrome following CD surgery is 
extremely unlikely, and (3) surgery achieves quick 
resolution of symptoms and reduced rates of 
recurrence with a high safety and low cost pro-
file, especially when compared to a lifetime of 
immunomodulatory medical therapy [1, 2].

This chapter will examine the key factors that 
influence surgery for Terminal Ileal Crohn’s 
Disease (TICD), the surgical techniques that are 

available to the surgeon currently, how to avoid 
common pitfalls, and sets the stage for a rethink-
ing of our surgical approaches (resection and 
strictureplasty) that shifts the current mindset of 
TICD management to an increasingly less inva-
sive, more cost-effective one.

 Overview of CD and Surgery

Despite the relatively recent expansion in our 
knowledge of CD pathophysiology, its definitive 
cause remains elusive. Population studies and basic 
science research indicate that CD is likely to be 
caused by a constellation of familial risk factors, 
genetic susceptibility loci (as identified by Genome 
Wide Association Studies [GWAS]), environmen-
tal factors including changes to the microbiome, 
and a dysregulated immunobiological response. 
CD remains a chronic, relapsing, remitting disease 
of the alimentary tract with extraintestinal manifes-
tations and to date, no cure.

The symptoms and signs related to TI CD are 
numerous, invariably including the triad of weight 
loss, abdominal pain, and diarrhea. Differentiating 
factors in management relate to formation of 
strictures (with obstruction), fistulae, abscesses, 
and bleeding. Surgical intervention, whilst usu-
ally inferring resection, should strive to eliminate 
these problems with an overarching principle of 
“bowel preservation.”

CD patients have lifetime likelihood for 
 surgery of 70–90 % [2, 3]. Fifty percent of CD 
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patients will undergo bowel resection within 
10 years of diagnosis [4]. Seventy percent of CD 
patients undergo a second operation following 
the first within 10 years [5]. Only 10 % of 
patients have prolonged clinical remission. 
Nonetheless, the life expectancy of a CD patient 
is only minimally reduced compared to the nor-
mal population.

Whereas CD can affect any part of the gastro-
intestinal tract from the mouth to the anus, the 
TI and cecum are the most commonly affected 
areas. The disease is limited to the TI in 25 % of 
CD patients [6]. In the past two decades, there 
has been a rapid expansion in the use of biologi-
cal agents to manage CD, despite this, for local-
ized symptomatic ileocecal disease, surgery 
may be considered a viable first-line alternative 
to medical therapy [7]. In this context, for 
unknown reasons, worldwide incidence and 
rates of IBD are increasing, particularly in 
developing countries [8, 9].

 Terminal Ileum (TI)

The TI is the terminal portion of small intestine 
and connects to cecum, and is often defined as 
the small intestine’s latter half. In addition to its 
general absorptive functions, this region specifi-
cally acts to resorb vitamin B12 and bile salts. 
As a consequence, surgery to remove the TI may 
affect these functions. Most experts in managing 
patients with CD believe that removal of more 
than 100 cm of ileum is required before malab-
sorption of B12 and bile salts begins to occur, 
however bile salt absorption dysfunction has 
been reported in as little as 10 cm resection [10].

 Diagnosis

The diagnosis of CD is based on specific criteria 
according to specific guidelines [11]. A spectrum 
of signs and symptoms will be present on initial 
patient contact based on the classical triad of 
abdominal pain, weight loss, and diarrhea, and 
biopsies should be pursued through endoscopic 
means to confirm the diagnosis.

A thorough medical history is recommended, 
followed by a complete physical examination and 
early involvement of the multidisciplinary team, 
including the primary care doctor, then gastroen-
terologist, nutritionist, and surgeon when the dis-
ease is considered significant.

 Investigations

Relevant investigations will be guided by the ini-
tial presentation, but will likely involve blood 
tests including inflammatory markers (usually 
CRP, ESR, and the Prometheus testing), stool 
microscopy, and endoscopic (upper and lower) 
examination with biopsies. Tuberculosis can be 
ruled out by appropriate blood or skin testing, 
and it should be borne in mind, particularly if a 
patient does not respond well to treatment. Ileal 
lymphomas may masquerade as a “Crohn’s-like” 
inflammatory mass in the terminal ileum. 
Histopathological analysis of biopsies from 
affected segments may reveal architectural 
abnormalities and inflammation, but most often 
are not diagnostic for CD. Photodocumentation 
(particularly via flexible endoscopy) is important, 
especially for longitudunal disease course and 
pattern monitoring.

Radiographic imaging studies may be of par-
ticular use, especially in cases of suspected 
obstruction, and plain abdominal radiographs with 
contrast may reveal the stenotic segment(s). CT 
and MRI enterography may also be performed to 
reveal additional information as required. 
Phenotypical classification of the disease is under-
taken according to the Montreal system, denoting 
the patient age, affected anatomical location 
(L-category), the stricturing or penetrating nature 
of the disease (B-category), and extraintestinal 
manifestations exhibited by the patient [12].

 Initial Non-surgical Management 
of CD

The treatment of Crohn’s disease aims to 
achieve sustained clinical and endoscopic remis-
sion (mucosal healing) and to interrupt the 
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 progressive destructive disease course that 
 culminates in intestinal failure and associated 
complications. Lifestyle modifications should be 
instigated at the earliest possible juncture, in 
 particular tobacco smoking cessation.

 Medical Therapy

The medical therapy initiated at the time of diagno-
sis will depend on the phenotype, disease activity, 
and comorbidities. Medications likely to be initi-
ated are likely to be the synthetic thiopurines and 
anti-tumor necrosis factor (TNF) agents. 
Glucocorticoids are usually reserved for acute 
small bowel obstruction, and are otherwise avoided 
in the practice of most gastroenterologists.

During the past three decades, the question of 
whether IBD medications (particularly biological 
agents) use has decreased the need for surgery 
has been seen as controversial. Some studies 
have reported on a decrease in surgery over time 
that has been paralleled by an increase in thiopu-
rines and anti-TNF-α medication usage. 
Concurrently, topical steroid use and oral steroid 
use has been decreasing. When compared to 
patients whom had never used medication, only 
the instigation of azathioprine within the first 3 
months of diagnosis reduced risk of surgery. In a 
separate analysis, the use of long-term oral ste-
roids significantly reduced the need for surgery. 
In addition, overall no convincing surgery spar-
ing effect of medications was found in a large 
nationwide cohort study from Denmark [13].

Whereas some groups conclude initiating 
treatment early reduces rates of surgery, a recent 
study observed that thiopurine use in CD had 
doubled in the past 20 years whereas surgery 
rates fell by one-third. They surmised that thio-
purine therapy reduced the risk of surgery; how-
ever, early initiation of therapy offered no benefit, 
so there remains controversy about whether any 
medication has yet obviated the eventual need 
for surgical intervention, albeit there may be a 
postponement [14–18]. Very few data exists 
comparing medical and surgical treatment for 
TICD. However, early ileal resection has been 
shown to result in less future surgeries and less 
use of medication [19, 20]. When compared to 

the average lifetime cost of anti-TNF treatment 
of $24,000–48,000 in the US (wholesale exclud-
ing direct and indirect costs) [21], it behoves all 
surgeons caring for CD patients to partake in an 
early discussion about when surgical therapy may 
be appropriate for a patient with TI disease.

 Surgical Treatment

 Overview

The primary principle of small intestinal CD 
 surgery is to restore function whilst preserving 
intestinal length. There has been a clear shift over 
the past several decades away from radical resec-
tion, i.e. achieving inflammation-free micro-
scopic margins of resection, to that of minimal 
surgery intended to remove grossly affected tis-
sue or performing bowel preserving stricture-
plasty [22]. Resection of grossly diseased 
segment remains the most common procedure 
performed in both pediatric and adult popula-
tions. Stricturoplasty is an option in select cases, 
especially in reoperative surgery, as we will dis-
cuss later.

 Surgical Indications

 Failure of Medical Treatment

Symptomatic disease refractory to medical 
therapy is the most common reason to consider 
surgical management of TI CD. We use the gen-
eral principle that “failure of medical manage-
ment” means:
• No improvement on optimal medical manage-

ment, or
• Improvement with moderate to severe side- 

effects of the CD medications, over approxi-
mately 6–12 months of consistent treatment

• All of this should be under the guidance of a 
gastroenterologist who is expert in treatment 
of CD patients.
Intractable symptoms and manifestations of 

chronic disease, such as anemia or growth retar-
dation can be included in a constellation of clinical 
entities that may comprise this group.
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 Bowel Obstruction

The TI’s lumen naturally narrows upon insertion 
into the cecum, thus inflammatory stricturing at 
this site may rapidly lead to symptomatic obstruc-
tion of varying degrees of severity, culminating in 
complete blockade, affecting up to 54 % of CD 
patients [23, 24]. Nearly always, the acute 
obstructive episode can be managed effectively 
without surgery, then an elective procedure can 
be considered.

 Fistulae or Abscess

Intraabdominal abscess occurs in 12–28 % of 
patients with CD. They may be treated medically 
or with radiologically placed percutaneous drain-
age catheters. This may provide a temporizing 
solution for definitive interval surgery. 
Intermesenteric or intraperitoneal abscess rupture 
is an indication for emergent surgery after a period 
of appropriate resuscitation [25].

Fistulae may emanate from the TI to join 
nearby viscera, including adjacent loops of small 
or large bowel, bladder, female reproductive 
organs, retroperitoneal structures including the 
psoas muscle, or anterolaterally to the skin.

 Bowel Perforation

In rare instances, perforation of the bowel can 
occur, usually within the dilated section of bowel 
just proximal to a stenotic segment. In these cases, 
an assessment of patient condition and level of 
contamination will be mandatory for judgement 
of stoma formation and interval anastomosis ver-
sus a primary procedure, but emergent surgical 
intervention is mandatory [26].

 Ureteral Obstruction

Obstruction of the ureter secondary to CD is 
another rare, but well-described complication 
(5–25 % of cases). Inflammation, abscess com-
pression, and secondary fibrosis can all contribute 

to this presentation. Removal of the offending 
causative CD issue usually results in resolution 
of the ureteral obstruction [27].

 Major Hemorrhage

Significant acute hemorrhage (urgent need to 
transfuse two or more units of packed red blood 
cells) secondary to TICD would be a rare compli-
cation and is associated with significant morbid-
ity and some risk of mortality. If the degree of 
hemorrhage warranted surgical treatment, urgent 
endoscopy and possibly angiography should be 
considered to isolate the bleeding location. 
Pitressin may be infused intravenously or via a 
mesenteric arterial catheter to control the bleed-
ing in extreme situations [28, 29].

 Malignancy

The risk of TICD patients developing a small 
bowel malignancy is significantly higher than for 
the general population. One study reported 67 % 
of CD associated cancers occur in the TI (versus 
20–30 % in the general population). The risk of 
malignancy is increased if a bowel loop bypass 
has been formed [30].

It is important to remember that combinations 
of the aforementioned indications may exist and 
should always be examined for at the time of 
operation. Imaging studies may falsely underesti-
mate the extent of disease in at least 30 % of 
cases [31]. In addition, the presence of proximal 
or distal disease should be examined for (see 
complications and pitfalls later).

In the vast majority of cases the procedure 
will be an elective one, however in some, emer-
gent situations may be evident (details on man-
agement later).

 Pediatric Cases

Pediatric, including adolescent patients (less than 
18 years old) account for 25 % of all cases of CD. 
The rationale for surgery and its consideration do 
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not differ in this group, although consideration to 
act earlier may be wise, since surgery may offer 
the quickest means of restoring nutrition and 
avoiding the immunosuppressive and growth 
slowing effects of prolonged intractable CD and 
its medical therapy.

The most common indication for surgery in 
this age group is also chronic obstruction related 
to stricturing disease of the TI and cecum. Growth 
delay is the most common complication found in 
this age group. Due to their highly specialized 
nature, pediatric cases are usually managed in 
tertiary centers. Intraabdominal limited resection 
surgery for stricturing disease at the terminal 
ileum (ileocecal valve) is the most common pro-
cedure performed. There is a wide range of 
reported complications (12–77 %) and recur-
rence rates (16–94 %) in the literature at a median 
of 1.8 years follow-up [32].

 Preoperative Preparation

 Anemia and Electrolyte Imbalance

Those patients with preoperative hemoglobin of 
less than 8 g/dl would benefit from a blood trans-
fusion (aim to bring Hb to above 9). Fluid imbal-
ance and electrolyte abnormalities should be 
corrected.

 Nutritional Support

Malnutrition is commonplace in CD patients and 
should be assessed for preoperatively. Severe 
hypoprotinemia (albumin <2.5 g/Dl) is a reliable 
indicator of poor healing and so primary anasto-
mosis should be avoided and TPN instigated, ide-
ally 5–7 days preoperatively.

 Stoma

The vast majority of patients will not require a 
stoma for isolated ileal disease. However, if any 
concerns are raised about the possibility of stoma, 

particularly if the surgery is urgent or emergent, 
the patient should be marked for stoma prefera-
bly in concert with an enterostomal nurse who 
works closely with the surgical team.

 Peri- and Intra-Operative Medications

Intravenous steroids should be given according 
to the anesthetist protocol during the procedure, 
but we generally administer IV steroids in the 
perioperative period to any patient who has 
been on steroids for any significant interval 
(longer than 1–2 weeks) within the previous 
year before operation. Special care should be 
taken with postoperative steroid regimes in 
patients on long-term preoperative steroid therapy 
(see later).

Intravenous prophylactic antibiotics are given 
1 h before the procedure and then at intervals 
during the procedure if more than 2–3 h, then dis-
continued unless contamination or infection is dis-
covered, then they are continued for up to a week 
postoperatively. Our hospital protocol is to use 
cefoxitin 2 g IV (every 2–3 h during operation) as 
the drug of choice in patients without penicillin 
allergies, and to use gentamicin 1 mg/kg and 
clindamycin 600 mg IV (every 6–8 h) in penicillin 
allergic patients.

 Thromboembolic Prophylaxis

CD patients are at a higher risk for thromboem-
bolic complications than the general population. 
The European Crohn’s and Colitis Organization 
(ECCO) guidelines, in agreement with the 
American College of Chest Physician guidelines 
and the Enhanced Recovery After Surgery 
(ERAS) Society guidelines recommend that IBD 
patients who undergo abdominal surgery should 
wear well-fitting compression stockings, receive 
intermittent pneumatic compression, and receive 
pharmacological prophylaxis with low-molecular- 
weight heparin or unfractionated heparin in the 
perioperative period [33–36].
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 Immunosuppressive Medication 
Considerations

A lack of consensus regarding the impact on 
postoperative outcomes of preoperative IBD 
medications allows for no clear guidance on 
when to discontinue treatment preoperatively or 
reinstate postoperatively.

A prospective study was recently presented at 
the Digestive Disease Weekly Conference  showing 
that increased serum levels of infliximab 7 days 
prior to surgery were associated with increased 
rates of postoperative complications in CD [37]. 
However, a recent Canadian investigation con-
cluded that a shorter time interval of surgery 
from last dose was not associated with increased 
postoperative complications (2 weeks) [37].

Adrenal suppression occurs with prolonged 
steroid use (more than 7 days). If suppression per-
sists, exogenous steroid dependence ensues, for 
this reason steroids must never be stopped abruptly 
and should be tapered gradually (the degree of this 
depends on the clinical case). If stopped too 
quickly an Addisonian crisis may develop (shock, 
decreased mental status, etc.). In the immediate 
postoperative period steroid dosage should be 
increased accordingly, and maintained at a high 
level until the patient is stable in their recovery 
period.

 Psychological Support

As part of the multidisciplinary management of 
CD, patient’s psychological needs should always 
be considered and managed.

 Surgical Technique

 Open Versus Laparoscopic

Worldwide, open surgery is likely to be the most 
common technique performed to treat TI CD, but 
increasingly, particularly in non-emergent cases, 
laparoscopic methods are preferred by both 
patients and surgeons. Laparoscopic assisted 
methods have been used over several decades, 
and short-term medical advantages have been 

seen including quicker recovery period, fewer 
wound complications, and certainly smaller skin 
incisions, resulting in a better cosmetic result. 
Overall the benefits appear to be in the early post-
operative period, and no clear long-term benefit 
related to recurrence rates have been seen for 
laparoscopic assisted surgical interventions. Thus 
laparoscopic assisted surgery, in centers with sur-
geons experienced in this method, should be 
viewed as the optimal approach to surgical treat-
ment of TI disease [38–41], albeit whatever 
method seems most safe should be the preferred 
individual patient approach.

 Principles and Strategies 
to Maximize Operative Success

 Patient Setup (Including Incisions 
and/or Cannula Insertions)  
(See Fig. 10.1)

The patient should be prepared and draped in a 
modified lithotomy position with adjustable stir-
rups. This permits access to the perineum if 
needed, as we favor having the option of on-table 
endoscopic examination if needed. For open 
 procedures, we prefer the midline laparotomy 
incision due to its versatility. For laparoscopic 
cases we place one umbilical port and 2–4 others 
depending on the exact site of pathology. 
Generally, we use a 5 mm port in the left lower 
quadrant, away from the pathology, for insertion 
of a compressive energy device. Then we insert 
3–5 mm ports in each of the other quadrants for 
the surgeon’s second hand and the assistant. 
Alternatively, a hand-port may be considered at 
the Pfannenstiel position to aid dissection.

 Exploration/Disease Extension

Once access to the abdominal cavity is obtained, 
a quadrant-by-quadrant inspection of the abdo-
men and pelvis is undertaken. We usually start in 
the right upper quadrant and move clockwise to 
the left upper quadrant, left lower quadrant, right 
lower quadrant, and finally the pelvis. Next, the 
entire length of the small intestine is “run,” 
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searching for diseased segments, sequelae (such as 
fistulae and abscesses), fat wrapping, and lymph-
adenopathy. Photodocumentation of findings 
should be performed at this time. Disease exten-
sion often exceeds that of preoperative investiga-
tion, thus the surgeon should anticipate this and, 
as necessary, seek senior advice. Findings should 
be accurately documented, photographed, and 
recorded.

 Bowel Preservation

As previously mentioned, there has been a shift 
in the prevailing attitude to intestinal resection 
margins from that of radical removal to one of 
conservation. Grossly diseased segments only 
should be removed and the bowel ends anasto-
mosed should be pliable and free from obvious 
ulceration, although a few small aphthoid ulcers 
noted at the anastomotic line should not prompt 
further resection to “cleaner” margins.

 Specific Operative Techniques:  
Open or Laparoscopic

In this section, we will combine the laparoscopic 
and open methods in a general description, and 
point out particular means whereby to utilize 

laparoscopic methods when relevant. Overall, the 
principles should be the same!

 Resection

The procedure follows three broad steps after 
thorough exploration: (1) mobilization and resec-
tion, (2) anastomosis, and (3) closure. Pitfalls and 
cautions in each step are highlighted.

 Mobilization and Resection 

After exploration, the TI should be isolated by tilt-
ing the patient with the right side up and moving 
the proximal small bowel, omentum, and trans-
verse colon away from the disease. We prefer 
using a compressive energy device such as 
THUNDERBEAT (Olympus) or Ligasure (Valley 
Lab), and when laparoscopic methods are used, 
we generally use the left lower quadrant port 
(5 mm) for insertion of the energy device to divide 
mesentery and seal major mesenteric vessels, as 
well as retroperitoneal or adhesive attachments to 
the diseased segments.

TICD is frequently associated with matted 
loops of adjacent small bowel adherent to the 
 diseased TI segment, or with a very dilated small 
bowel upstream of the disease, filled with intesti-

Fig. 10.1 Incisions and port placement for open (left image) and laparoscopic (right image)
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nal fluid. Matted loops often herald the existence 
of fistulous communication between those seg-
ments. Avoidance of contamination means that 
gentle handling of the bowel is imperative, espe-
cially when using laparoscopic tools, as these 
3–5 mm instruments can be very traumatic when 
grasping a dilated loop of small intestine. 
Intraluminal contents can be milked proximally 
and isolated from the planned resection segment, 
using gently tied umbilical tapes placed at the 
beginning of the mobilization (in open cases) or 
after mobilizing the bowel (in laparoscopic cases) 
through the specimen extraction site.

Next, the surgeon must decide whether to 
divide the ileocolic pedicle or mobilize the bowel. 
We usually can isolate the ileocolic pedicle, divide 
it with the energy device after providing three 
serial compressions (Fig. 10.2), and proceed with 
some medial to lateral dissection underneath the 
terminal ileal and right colon mesentery.

Alternatively, one may go inferior to the TI, 
mobilize this area, and bring this superiorly away 
from the retroperitoneum. Usually, the right 
colon is freed at least up to the hepatic flexure, 
and in the case of laparoscopy, this mobilization 
helps to pull the diseased bowel out through the 
specimen extraction site (periumbilical).

Resection margins should be minimal, i.e. 
avoidance of resecting anything more than 
gross disease of either side. If only the cecum 

needs resection on the distal side, this is opti-
mal, since we prefer to avoid laying the new 
anastomosis anywhere near the duodenum—the 
more colon resected, the closer the new anasto-
mosis lies to the duodenum. The omentum 
should be placed over the duodenum to shield it 
from the new anastomosis (see later). Palpating 
the bowel along its mesenteric edge assists the 
surgeon in appreciating diseased and disease 
free areas. Since we nearly always perform a 
laparoscopic assisted type of procedure, with 
the anastomosis done through the specimen 
extraction site, palpation is invaluable and very 
feasible whichever method (open or laparo-
scopic) is chosen.

Once the diseased segment is mobilized, we 
then draw this upwards through the midline inci-
sion (open procedure), or make a 4–7 cm midline 
incision around the umbilical port and place a 
wound protective device (e.g., Alexis, Applied 
Medical, CA, USA—laparoscopic procedure), 
then draw it outside the abdomen and resect to 
grossly disease free margins using a GIA-80 mm 
(Covidien, New Haven, CT, USA), and pass the 
specimen out of the field (Fig. 10.3). We measure 
the length of the resected specimen, particularly 
the length of the small bowel resection, and record 
this on the operative report. Also the length of the 
remaining small bowel, if measurable, should be 
taken and recorded.

Fig. 10.2 Step-wise use of 
a compression energy 
device to safely and 
effectively seal and divide 
a thickened mesentery and 
ileocolic pedicle. Numbers 
denote order of compres-
sion sequence. Dotted line 
indicates area to transect
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 Anastomosis

The core principles of anastomosis should be 
meticulously adhered to in CD patients, these 
are: (1) hemostatic control (2) sufficient bowel 
end blood flow (3) tension free and (4) prevention 
of bowel torsion.

 Anastomotic Segments

The proximal segment of the small bowel anas-
tomotic site should be free of longitudinal 
ulceration but minor aphthous ulcerations in the 

Fig. 10.3 A wound protective device can be used in the 
umbilical port as the specimen is drawn extracorporeally 
for resection

Caveats and Pitfalls

 1. Be careful to evaluate the true extent of 
disease, including adherence to signifi-
cant structures such as the common iliac 
vessels, gonadal vessels, right ovary and 
right ureter, at the time of operation. 
Anticipation avoids structural damage 
and serious consequences.

 2. Be aware that right ureter damage during 
mobilization is much more likely in CD 
than other ileal/right colon procedures.

 3. Mesenteric hemorrhage during mobili-
zation can occur easily, leading to the 
dreaded “intramesenteric hematoma.” 
[42] This may be minimized during an 
open operation using overlapping 
Kocher clamps and 0 or 1–0 horizontal 
mattress absorbable sutures to control 
the vascular pedicles and thickened mes-
entery (Fig. 10.4). Alternatively, a step-
wise use of the compression energy 
device can safely and effectively seal and 
divide a thickened mesentery (Fig. 10.2).

 4. Stenotic segments other than the surgical 
can be missed. An inflated Baker tube 

catheter (Bard medical, Covington Geor-
gia) with its balloon inflated to a 2 cm 
diameter can be passed intraluminally 
and passed through the entire length of 
the small intestine to identify stenotic 
segments. These may then be either 
resected or repaired (strictureplasty).

Fig. 10.4 Mesenteric hemorrhage can be minimized 
during an open operation using overlapping Kocher 
clamps and 0 or 1-0 horizontal mattress absorbable 
sutures to control the vascular pedicles and thickened 
mesentery
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lumen of the anastomotic line should not prompt 
further resection.

The distal large bowel site (rectum, sigmoid, 
left, and transverse colon) should have been 
inspected within several months of the operation, 
and if there is any question the surgeon should be 
prepared to perform an on-table colonoscopy 
prior to anastomosis. In our institution we have a 
colonoscope with CO2 gas insufflation ready to 
use during intestinal surgical procedures. The 
rapid absorption of CO2 permits the colonoscopy 
to be performed without concern for prolonged 
bowel distension since the gas is dissipated 
within minutes.

 Anastomotic Procedure  
(See Fig. 10.5)

We advocate a stapled functional side-to-side 
anastomosis, as it is faster, and there are reports 
that fewer postoperative complications and recur-
rences have been reported using this method 
compared to a sutured end-to-side or end-to-end 
anastomosis (although this is controversial) 
[43–45]. We use a GIA-80 stapler, and the enter-
otomy defects can be closed using suturing (3-0 
PDS) or stapling techniques (Fig. 10.6). In CD, 
there seems to be an increased tendency for the 
enterocolonic staple line to bleed, so we always 
carefully check it, and oversew the staple line 

internally (from the luminal side) using a running 
3-0 absorbable suture to achieve excellent hemo-
stasis. Once we close the enterotomy site with a 
linear stapler, we oversew the intersecting staple 
lines and the crotch of the anastomosis with a 
series of interrupted sutures. As mentioned 
above, we then place omentum, if available, over 
the duodenum and suture it in place, or suture the 
omentum over the anastomosis itself, in particu-
lar shielding it from the duodenum. As a result, if 
disease recurs, the anastomosis will not immedi-
ately be fused to the retroperitoneum, causing 
complications related to adherence to vital 
structures.

Fig. 10.5 Stapled functional side-to-side anastomosis

Fig. 10.6 Side-to-side 
anastomosis: A GIA-80 
stapler is used, and the 
enterotomy defects closed 
using suturing (3-0 PDS) 
or stapling techniques. 
Sutures also be placed at 
the “trouser crotch” to 
relieve tension
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 Specimen Evaluation and Tissue 
Procurement

We advocate the evaluation of the specimen prior 
to operation completion, to ensure complete 
understanding of the disease process, including 
the possible presence of a concurrent malignancy. 
Identification of concerning mucosal changes at 
this time may be confirmed using frozen section 
and discussion with a histopathologist. If malig-
nancy is confirmed, an oncologically sound 
resection should then be performed. If a lym-
phoma or infectious process is considered, then 
appropriate touch preps, fresh tissue processing, 
and cultures may be obtained. Biobanking should 
also be considered. Also important is the photod-
ocumentation (photo of the gross unopened and 
opened specimen) at this point, making this a 
permanent part of the medical record.

 Kono-S Anastomotic Procedure  
(See Fig. 10.7)

A relatively novel anastomotic technique has 
been developed with the intention of lowering 
restructuring rates, named the “Kono-S” 
 procedure. The Kono-S is an anti-mesenteric 
functional end-to-end handsewn anastomosis and 
in a limited study, 5-year recurrence of CD was 
less in Kono-S patients than those that had con-
ventional anastomoses [46].

 Mesenteric Defect Closure

Closure of the mesenteric defect is not performed 
if wider than 4-5 fingers. Smaller ones are care-
fully closed with a 3-0 absorbable running 
suture.

Fig. 10.7 The Kono-S procedure. (a) Intestinal segments 
are divided. Mesentery is preserved. Staple line corners 
are imbricated and silk sutures are placed and tied. (b) 
The two staple lines are sutured together. (c) Longitudunal 
enterotomies are performed starting no more than 1 cm 

away from the staple line and extending approximately 
7cm. (d) The enterotomies are closed transversely with 
outer layer of 4.0 silk interupted sutures and an inner layer 
of running 3.0 absorbable suture on the posterior wall. 
(e) Complete anastomosis
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Fig. 10.8 Closure of the 
umbilical port site by 
occluding the wound 
protective device through 
clockwise rotation and 
clamping of the retractor 
neck. This permits a 
“re-look” after completion 
of the anastomosis 
checking for bleeding 
within the abdominal 
cavity

 Final Phase: Closure

Hemostasis should be again evaluated and 
 maintained, looking for intraabdominal clots and 
at the ileocolic pedicle and mesenteric cut edge. 
If necessary, we close the umbilical port site by 
occluding the wound protective device, reinsuf-
flate the abdomen, and relaparoscope the patient 
to assure hemostasis (Fig. 10.8). Drains may be 
placed if concurrent septic complications exist, 
or if a retroperitoneal or pelvic abscess was pres-
ent. Closed suction drains can be placed into any 
cavities for up to 2 weeks to allow drainage and 
irrigation. Laparoscopic and open incisions 
should be closed according to surgeon training 
and preference; attention should be paid to the 
non-traumatic handling of tissues. We will often 
close the primary skin incision at 2–3 cm intervals 
but pack the wound with saline soaked gauze for 

2–3 days, between the skin sutures, particularly if 
there is infection or contamination of the surgical 
site. This seems to lower the incidence of primary 
wound infection in our experience.

 Postoperative Care

The patient is transferred to postoperative nurs-
ing unit with routine care instructions. Naso or 
orogastric tubes are generally removed at the 
end of the procedure while the patient is still 
asleep. Antibiotic therapy may need to be con-
tinued in the postoperative phase if infectious 
complications or contamination existed intraop-
eratively. Glucocorticoid doses may need to be 
maintained in the immediate postoperative 
period in those patients with long-standing ste-
roid use. The consequences of an Addisonian 
crisis may be catastrophic and as such ramping 
and subsequent tapering regimes of steroids 
should be clearly prescribed and communicated 
to the whole team.

 Potential Complications

The mortality rate following resection operations 
for CD approached 2 % in 1980, and likely is 
below this now, but reports are sparse in the lit-
erature [47]. The principal complications are 
infections (wound and intraabdominal including 

Caveats and Pitfalls

 1. Avoid placing the anastomosis adjacent 
to or over the duodenum.

 2. Identify and search for stenotic seg-
ments upstream.

 3. Consider retroperitoneal abscess and 
treat it.

 4. Remove only grossly involved bowel.
 5. Have intra-operative endoscopy (with 

CO2 insufflation) available.
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anastomotic issues), pulmonary problems, adhe-
sive obstruction, and urinary tract infection.

 Early Complications

 Hemorrhage

Correction of coagulation deficits and hemody-
namic maintenance should be first priorities. Use 
of early endoscopy (colonoscopy) or angiogra-
phy to identify the bleeding segment may be of 
use in massive transanal blood loss. Exploration 
of the abdominal cavity may be the only resort in 
intraabdominal hemorrhage, and falling blood 
count in the early postop period should prompt 
consideration for a rapid return to the operating 
theater after correction of coagulation deficits.

 Sepsis

Abscess formation, wound sepsis, and UTI for the 
earliest complications of TICD surgery. In such 
cases, the septic source should be pursued as well 
as suitable antibiotic regimen instigated. Abscesses 
can be drained through radiological (CT) guid-
ance or less preferably through operative means.

 Late Complications

 Fistulae

These are generally either enterocutaneous (EC) 
or enteroperineal (EP). EC fistulae are commonly 
associated with technical failure of the anastomo-
sis and are commonly treated conservatively with 
bowel rest and TPN. Abscesses can be drained 
percutaneously and through operative approaches. 
EP fistulae may herald disease recurrence.

 Long-Term Complications

Vitamin B12 deficiency may become evident 
leading to anemia, but this may take 6–12 months 
or more to become clinically evident. With resection 
of less than 100 cm, this is extremely unlikely. 

Cholelithiasis and urolithiasis do occur with 
increased frequency in the TICD population due to 
disturbances in the enterohepatic circulation.

Disease recurrence: The reoperation rates for 
CD recurrence have been reported to be 10–30 % 
at 5 years, 20–40 % at 10 years, and 40–60 % at 20 
years after surgery. The most significant factor 
affecting postoperative CD recurrence was found 
to be tobacco smoking. Rutgeerts et al. [48] 
reported that recurrent lesions were observed 
endoscopically in the neo-terminal ileum (the 
proximal site of the ileocolonic anastomosis) 
within 1 year of resection in 73 % of patients, 
although only 20 % of the patients had symptoms. 
Three years after surgery, the endoscopic recur-
rence rate increased to 85 % and symptomatic 
recurrence occurred in 34 %. Patients with severe 
endoscopic lesions within 1 year after resection 
developed early clinical recurrence. In contrast, 
patients with no or mild endoscopic lesions had a 
low frequency of subsequent clinical recurrence. 
The severity of the endoscopic inflammation in the 
neo-terminal ileum during the first year after resec-
tion was found to be a reliable predictive risk fac-
tor for future clinical recurrence. Ileocolonoscopy 
is the gold standard in the diagnosis of postopera-
tive recurrence by defining the presence and sever-
ity of morphologic recurrence and predicting the 
clinical course. Ileocolonoscopy is recommended 
within the first year after surgery where treatment 
decisions may be affected. A recent study from one 
institution found that recurrence rates following 
ileocolic CD surgery did not differ between pediat-
ric and adult groups [49].

 Special Cases

 Bypass and or Proximal Diversion

For certain types of ileocecal CD with associated 
abscess or phlegmon densely adherent to the 
 retroperitoneum, or during a crisis when the 
patient undergoes urgent or emergent surgery for 
obstruction or perforation, bypass or proximal 
diversion may be used as a surgical solution,

In an investigation by Homan and Dineen 
[50], CD involving the ileum and cecum was 
treated with resection in 115 patients, exclusion 
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bypass in 25, and simple bypass in 21. Overall 
recurrence rates were 25 % for resection, 63 % 
for exclusion bypass (Eisenhower operation), 
and 75 % for simple bypass. This difference was 
accounted for by early recurrence or by persistent 
disease in the two bypass groups: 21 % for exclu-
sion bypass and 45 % for simple bypass as com-
pared to 3 % for resection.

These results indicate that the recurrence 
rate following resection is significantly lower 
than bypass, and continuing disease in the 
bypassed loop accounts for a high percentage 
of reoperations in that group. Therefore, as is 
emphasized repeatedly in this chapter, resec-
tion is the surgical treatment of choice for ileo-
cecal CD. Furthermore, there is an increased 
risk of malignancy in the bypassed segment, 
with the added concern that this segment can-
not be surveyed by conventional means (endo-
scopic or radiographic).

 Stricturoplasty

For TICD, stricuturoplasty may be an option if dif-
fuse disease is encountered at the time of operation 
or if the risk of short bowel syndrome is significant. 
Options for stricturoplasty are discussed elsewhere 
in this book, but broadly are categorized according 
to the length of the stenotic segment.

 Short Strictures (Up to 10 cm)  
(See Fig. 10.9)

For the management of short strictures, the 
Heineke–Mikulicz procedure is the most widely 
used. It is the eponymous description of the lon-
gitudinal incision and subsequent transverse clo-
sure of the bowel lumen that expands the diameter 
of the strictured segment.

 Long Strictures (Up to 25 cm)  
(See Fig. 10.10)

For longer strictures we advocate the Finney 
stricturoplasty, which is essentially a side-to-side 
handsewn anastomosis.

Strictures longer than 30 cm require resection 
or utilization of novel procedures, e.g. Michelassi 
stricturoplasty. The Michelassi stricturoplasty is 
an isoperistaltic side-to-side anastomosis [51] 
(see Fig. 10.11).

There are contraindications to stricturoplasty. 
These are:
 1. Excessive tension due to rigid and thickened 

bowel segments
 2. Free perforation of the intestine, particularly 

with peritonitis
 3. Fistula or abscess formation at the intended 

strictureplasty site
 4. Hemorrhagic strictures
 5. Multiple strictures within a short segment
 6. Malnutrition or hypoalbuminemia (<2.0 g/dL)
 7. Suspicion of cancer at the intended stricture-

plasty site.

 Novel Procedures

Over the past several decades, progress in surgi-
cal management of intestinal diseases has been 
significant, but could be summarized as follows:
• Removal of sections of intestine through 

smaller incisions
• Development of a high definition/magnified 

view (laparoscopic approach)
• Novel suturing/stapling methods of anasto-

mosing the bowel
While extremely important, these improve-

ments in therapy could be described as mere embel-
lishments of ideas that are really decades old.

In the near future, improved endoscopic capa-
bilities, miniaturization of tools, improved bio-
materials, and better external imaging (including 
image fusion) will provide us with the means to 
rethink and improve our approach to many of the 
complications of CD that now lead to the surgical 
interventions that this chapter and many others in 
this book describe.

There is no reason that new tools and approaches 
should not emerge in the near future that will per-
mit obstructions to be relieved, abscesses to be 
drained, bleeding to be stopped, and nutrition to be 
restored without always applying the age old intes-
tinal surgical principle of “cutting out a piece and 
sewing it back together.”
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Fig. 10.9 Heineke–
Mikulicz procedure steps. 
(a) Longitudinal incision, 
at least 1–2 cm beyond the 
stricture. (b) Subsequent 
transverse closure of the 
bowel lumen that (c) 
expands the diameter of 
the strictured segment

Fig. 10.10 Finney stricturoplasty—a side-to-side hand-
sewn anastomosis. (a) Continuous incision on the anti- 
mesenteric side of bowel extending 1–2 cm beyond stricture 
into “normal” bowel. (b) Repair is done by folding the 

bowel into a “u” shape and closing the posterior side 
first, using a continuous absorbable suture (single layer). 
(c) Final closure of the anterior wall with a continuous 
suture, single layer
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We believe the luminal channel likely offers us 
the next platform for dramatically improving out-
comes in TI (and other location) CD patients who 
suffer from the complications of the disease (see 
Figs. 10.12 and 10.13), but a full discussion of 
these potentials lies beyond the scope of this chap-
ter. The greatest near-future potential in minimally 
invasive, bowel sparing management of TICD 
stricturing may lie in the application of absorbable 
stents used with better endoscopic tools.

 Conclusions

Isolated ileal and ileocecal disease is one of the 
most common and treatable manifestations of 
CD. Surgery has a potential curative role, is gen-
erally safe with excellent long-term outcomes, 

Fig. 10.11 Michelassi stricturoplasty steps—isoperistal-
tic side-to-side anastomosis. (a) Initial opening of the 
long stricture on its anti-mesenteric side, then dividing of 
the bowel and a short division of its mesentery in the mid 
portion. (b). Beginning the repair starting with a continu-
ous suture on the posterior side. (c) Final closure by run-
ning a suture on the anterior side

Fig. 10.12 The future: stenosis of the terminal ileum 
treated through expansion of an intraluminal absorbable 
stent, with flared ends to prevent migration

Fig. 10.13 Stent placement can be challenging particu-
larly under current fluoroscopic guidance. This may be 
improved through use of futuristic endoscopic tools using 
balloons to stabilize the endoscope tip under development 
by the authors, stabilizing the endoscope in the cecum, 
allowing for improved accuracy and safety
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and should not be seen as a last resort in TI CD 
management. The surgeon should become 
involved in the decision making for CD patients 
at an early stage through collaborative  conferences 
and clinics with gastroenterology colleagues.

On top of exciting additions to the surgeon’s 
armamentarium are laparoscopic approaches 
(smaller incisions) and new types of bowel spar-
ing techniques.

Finally, and most intriguing, we believe the 
stage is now set for a new “endoluminal 
approach” to treating many of the complications 
of Crohn’s disease, using a combination of better 
imaging, new biomaterials, and novel biomedical 
devices that we and others are now developing. 
Within the next 5 years, we envisage dramatic 
improvements in the approach to surgical TICD 
treatment.
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            Introduction 

 Crohn’s disease (CD) is a chronic transmural 
infl ammatory disease of the entire gastrointesti-
nal tract. Surgical treatment has a place in the 
treatment of this condition when complications 
or failure of medical treatment have occurred. 
Complications of CD include bowel obstruction, 
intestinal perforation, abscesses or fi stulas, hem-
orrhage, and malignant transformation. Despite 
advances in medical therapy, the majority of 
patients with CD require surgical intervention 
within 10 years of the initial diagnosis. 

 Crohn’s disease is a recurrent disease. At 5 years 
after the index operation, the recurrence rate requir-
ing an additional surgical procedure ranges from 
16 to 60 % [ 1 ,  2 ], while at 15 years the recurrence 
rate has been reported as high as 94 % [ 1 ]. Thus, 
preservation of intestinal length and mucosal sur-
face is of utmost importance to avoid the complica-
tions of intestinal insuffi ciency and short bowel 
syndrome. When the need for surgical treatment is 
prompted by the presence of a stenosis causing 
symptomatic obstruction, strictureplasties can be 
performed to avoid intestinal resections while still 
addressing the complication at hand. 

 Katariya et al. [ 3 ] reported the fi rst series of 
nine patients undergoing strictureplasties for 
benign tubercular strictures in the 1970s. Lee et al. 
[ 4 ] adopted this technique in Crohn’s strictures of 
the small bowel. Since then, multiple others have 
described modifi cations and adaptations of the 
original strictureplasties or have contributed addi-
tional techniques. This chapter will focus on the 
use of various strictureplasties in addressing 
obstructive complications of Crohn’s disease.  

    Indications and Contraindications 

 Strictureplasties are indicated in patients with stric-
tures of the small bowel. The use of strictureplasties 
is even more pressing in patients with prior bowel 
resection of more than 100 cm, existing short bowel 
syndrome and strictures occurring less than a year 
from a previous surgery [ 5 ]. Strictureplasties have 
been also performed in the duodenum and at the site 
of a previous ileocolic anastomotic [ 6 ]. 

 In contrast, strictureplasty is not advised in the 
presence of local sepsis, such as phlegmon or 
abscess, and generalized peritonitis. Other con-
traindications to the use of strictureplasty include 
suspicion of dysplasia or cancer, and an intended 
strictureplasty at a site next to a diseased segment 
requiring resection [ 5 ,  7 ]. Although previously 
viewed as a contraindication, the presence of an 
enteric fi stula surrounded by chronic, as opposed 
to active, infl ammation, is not a contraindication 
in most cases.  
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    Preoperative Assessment 

 The extent of disease needs to be investigated 
 preoperatively with the use of radiologic and endo-
scopic studies. Small bowel disease is best assessed 
by either computed tomographic scan enterogra-
phy (CTE) or magnetic resonance enterography 
(MRE). The use of MRE is preferred based on the 
increased sensitivity in distinguishing between 
infl ammatory and fi brotic strictures, as the former 
can be managed medically while the latter is better 
managed with surgical procedures. The presence of 
duodenal and colonic disease is better assessed 
with upper and lower endoscopy. At the time of 
colonoscopy, the ileocecal valve is intubated and 
the terminal ileum is assessed. 

 Patients at increased risk of morbidity should 
be identifi ed preoperatively with the goal to miti-
gate the chance of postoperative complications. 
Several factors have been identifi ed as prognostic 
for increased morbidity, including preoperative 
use of corticosteroids, presence of an intra- 
abdominal abscess, phlegmon and/or a fi stula, 
and malnutrition [ 8 ]. Usually corticosteroids cannot 
be weaned off    preoperatively as they are controlling 
disease symptoms, but abscesses can be drained 
percutaneously and malnutrition can be addressed 
with a short course of enteral or parenteral nutri-
tion. Most recently, use of monoclonal anti-tumor 
necrosis factor (TNF) antibodies has been 
employed in the treatment of Crohn’s disease. 
Preoperative use of these antibodies has led to an 
increased risk (approximately 1.5–2 times) of 
postoperative infectious complications, typically 
remote from the surgical site [ 9 ].  

    Operative Approach 

 As with all Crohn’s disease patients, the opera-
tive approach should always begin with examina-
tion of the entire small bowel from the ligament 
of Treitz to the ileocecal valve. This can be 
achieved either laparoscopically or via laparot-
omy. The surgeon should be vigilant in identify-
ing any strictures, phlegmons, abscesses, fi stulae, 
or masses. This portion of the procedure is meant 
to design a “roadmap” (Fig.  11.1 ). Once creation 

of the “roadmap” is complete, the surgeon should 
develop a surgical strategy based on the number, 
length, and relative location of all symptomatic 
Crohn’s disease-related complications as previ-
ously listed.   

  Fig. 11.1    Intraoperative roadmap. ( a ) Design of an intra-
operative roadmap and ( b ) surgical plan. This fi gure was 
published in  Current Surgical Therapy  John Cameron 
and Andrew M. Cameron (Ed.) 11th ed., “Stricturoplasty 
in Crohn’s Disease” by Leon Maggiori and Fabrizio 
Michelassi, p. 118 Copyright Elsevier (2014) 
Philadelphia, PA       
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    Strictureplasty: Types, Techniques, 
and Technical Considerations 

 The use of the Heineke–Mikulicz and the Finney 
strictureplasty in Crohn’s stricture was fi rst 
described more than 30 years ago [ 4 ]. Since then 
modifi cations of the Heineke–Mikulicz stricture-
plasties and of the Finney strictureplasty as well 
as advanced strictureplasty techniques have been 
proposed [ 10 ]. All these techniques can be 
grouped into various categories: conventional 
versus non-conventional, short versus long or 
based on technical diffi culty. Yet, the choice of 
the technique ultimately rests on length, number, 
and location of strictures. In this section, the 
major techniques will be presented based on 
stricture length and modifi cations of original 
techniques. At the end, a section will describe 
choices of strictureplasty based on location in the 
gastrointestinal tract. 

    Strictureplasty Techniques Based 
on Stricture Length 
and Modifi cations 

    Heineke–Mikulicz Strictureplasty 
 The Heineke–Mikulicz is the most commonly 
 performed strictureplasty and best used for short 
(≤7 cm) strictures [ 5 ,  10 ,  11 ]. A single longitudi-
nal incision is made on the antimesenteric side of 
the stricture extending approximately 2 cm beyond 
the thickened segment of bowel, both proximally 
and distally (Fig.  11.2 ). The enterotomy is then 
closed transversely with a single or double layer 
closure. Our preference is a two- layer closure with 
a running absorbable 3-0 suture for the inner layer 
and an interrupted Lembert nonabsorbable 3-0 
suture for the outer layer. This strictureplasty 
enlarges the lumen of the diseased intestine and 
maintains intestinal transit without creating a blind 
loop or intestinal stasis.   

    Judd Strictureplasty 
 If the strictured segment is complicated by a 
chronic fi stula without a great deal of acute 
infl ammation, a Judd strictureplasty can be 
 performed. After appropriate excision of the 

 fi stulous opening and the adjacent infl amed tissue, 
the stricture is opened longitudinally [ 10 ,  11 ] and 
the subsequent defect is closed transversally 
according to the Heineke–Mikulicz stricture-
plasty technique.  

   Moskel–Walske–Neumayer 
Strictureplasty 
 The Moskel–Walske–Neumayer strictureplasty 
technique is suitable for short strictures in the 
 setting of dilated proximal bowel [ 10 ,  11 ]. A 
Y-shaped longitudinal enterotomy is made across 
the stricture, with the arms of the Y pointing 
towards the dilated proximal end. The enterotomy 
is closed in a V-shape, similar to the Heineke–
Mikulicz strictureplasty technique. This tech-
nique helps mitigate size mismatch between 
dilated and non-dilated bowel.  

  Fig. 11.2    Heineke–Mikulicz Strictureplasty. Heineke–
Mikulicz strictureplasty on a short segment stricture. This 
fi gure was published in  Current Surgical Therapy  John 
Cameron and Andrew M. Cameron (Ed.) 11th ed., 
“Stricturoplasty in Crohn’s Disease” by Leon Maggiori 
and Fabrizio Michelassi, p. 119 Copyright Elsevier (2014) 
Philadelphia, PA       
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   Double Heineke–Mikulicz 
Strictureplasty 
 The Double Heineke–Mikulicz strictureplasty 
technique can be used when two short strictures 
are present in close proximity of each other [ 5 ,  10 , 
 11 ]. A single longitudinal incision is made over 
the strictured areas including the normal segment 
of intervening small bowel. An incomplete trans-
verse closure is performed on each strictured 
segment. This leaves a single longitudinal inci-
sion that is closed transversely according to the 
Heineke–Mikulicz strictureplasty technique.  

   Finney Strictureplasty 
 The Finney strictureplasty can be used for stric-
tures longer than 7 cm and shorter than 15 cm 
[ 5 ,  10 ,  11 ]. The stricture is folded into a  U  shape 
(Fig.  11.3 ). A longitudinal enterotomy is per-
formed midway between the mesenteric and 
antimesenteric borders so that the two ends of the 
enterotomy face each other in the two arms of the 
 U . The enterotomy is then closed in a running con-
tinuous single layer or double layer, as previously 
described for the Heineke–Mikulicz stricture-
plasty. This strictureplasty should not be used for 
strictures longer than 15 cm because the ultimate 
result is the creation of a large lateral intestinal 

diverticulum that is susceptible to luminal stasis, 
bacterial overgrowth, malabsorption, malnutrition, 
and persistent low grade infl ammation [ 4 ].   

   Jaboulay Strictureplasty 
 The Jaboulay strictureplasty is used for strictures 
between 10 and 20 cm [ 10 ]. The stricture is 
folded into a  U  shape and two enterotomies are 
created facing each other to allow for a side-to- 
side enteroenterostomy performed with a running 
continuous single layer or double layer, as previ-
ously described for the Heineke–Mikulicz stric-
tureplasty. The end result is very similar to the 
Finney strictureplasty and, like the Finney stric-
tureplasty, as the stricture length increases, so 
does the chance of developing a lateral diverticu-
lum or blind loop, bacterial overgrowth, malab-
sorption, malnutrition, and persistent low grade 
infl ammation [ 4 ].  

   Michelassi Strictureplasty 
 As described by the senior author in 1996, the 
Michelassi side-to-side isoperistaltic stricture-
plasty is indicated for long portion of bowel con-
taining multiple short strictures in sequence 
[ 11 ,  12 ]. This technique has been used on segments 
of bowel as long as six feet. In this technique, 

  Fig. 11.3    Finney strictureplasty. Finney strictureplasty 
on a strictured segment of bowel (>7 cm). This fi gure 
was published in  Current Surgical Therapy  John 
Cameron and Andrew M. Cameron (Ed.) 11th ed., 

“Stricturoplasty in Crohn’s Disease” by Leon Maggiori 
and Fabrizio Michelassi, p. 120 Copyright Elsevier 
(2014) Philadelphia, PA       
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the mesentery of the small bowel loop to undergo 
the strictureplasty is fi rst divided at its center 
(Fig.  11.4 ). The proximal small bowel loop is then 
moved over the distal one in a side-to-side fash-
ion. The stenotic segments of one loop are placed 
adjacent to the dilated segments of the other loop. 
The two loops are then approximated by a layer of 
interrupted seromuscular Lembert stitches with 
nonabsorbable 3-0 sutures. A longitudinal enter-
otomy is performed on both loops, with the intes-
tinal ends tapered to avoid blind ends. Occult 
malignant disease should be excluded with fro-
zen-section biopsies of suspicious areas of dis-
ease, while hemostasis is achieved with suture 
ligatures or electrocautery. The outer suture line 
is reinforced with an internal row of running 

full-thickness 3-0 absorbable sutures, continued 
anteriorly as a running Connell suture; this layer 
is reinforced by an outer layer of interrupted 
 seromuscular Lembert stitches with nonabsorb-
able 3-0 sutures.  

 The benefi ts of this technique include relief 
of intestinal obstruction created by multiple 
strictures in sequence, avoidance of resecting a 
long segment of bowel containing normal-
absorbing intestine in between strictures, and 
avoidance of blind and bypassed loops of bowel 
[ 10 ]. This technique may be challenging to per-
form in the presence of a thickened and shortened 
mesentery. 

 Various modifi cations of the Michelassi stric-
tureplasty have been described. These variations 

  Fig. 11.4    Side-to-side isoperistaltic strictureplasty. The 
fi gure demonstrated the Michelassi side-to-side isoperi-
staltic strictureplasty. ( a ) The two loops of bowel are 
approximated by a layer of interrupted seromuscular 
Lembert stitches, with nonabsorbable 3-0 sutures. ( b ) A 
longitudinal enterotomy is performed on both loops, with 
ends tapered. ( c ) The outer suture line is reinforced with 
an internal row of running full-thickness 3-0 absorbable 

sutures, continued anteriorly as a running Connell suture; 
this layer is reinforced by an outer layer of interrupted 
seromuscular Lembert stitches with nonabsorbable 3-0 
sutures. ( d ) This fi gure was published in  Current Surgical 
Therapy  John Cameron and Andrew M. Cameron (Ed.) 
11th ed., Stricturoplasty in Crohn’s Disease by Leon 
Maggiori and Fabrizio Michelassi, p. 120 Copyright 
Elsevier (2014) Philadelphia, PA          
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include either incorporation of additional 
Heineke–Mikulicz strictureplasties at either end 
of the Michelassi strictureplasty or resection of a 
segment of bowel prior to moving the proximal 
small bowel loop over the distal one in a side-to- 
side fashion if the diseased loop contains a 
severely diseased segment [ 5 ,  10 ,  11 ].   

    Strictureplasty Techniques 
Based on Location 
in the Gastrointestinal Tract  

 Traditionally, strictureplasty techniques have 
been applied to Crohn’s strictures of the jejunum 
and ileum. With increased experience, these tech-
niques have been exported to other gastrointesti-
nal segments. Heineke–Mikulicz strictureplasties 
are particularly useful in isolated strictures of the 
fi rst, second, and third portion of the duodenum. 
A stricture of the fourth portion of the duodenum 
is better handled with a Finney strictureplasty 
involving the fi rst loop of jejunum. Obviously, in 
the presence of multiple strictures or technical 
challenge, a gastro-enterostomy still remains a 
valid option in duodenal disease. 

 Disease of the terminal ileum is commonly 
treated with a resection and an ileocolic anasto-
mosis. Yet, recently D’Hoore has trialed the use 
of the side-to-side isoperistaltic strictureplasty in 
this location with excellent results (personal 
communication). Disease of the neo-terminal 
ileum with a stricture isolated to the ileocolic 
anastomosis may be treated with a Heineke–
Mikulicz strictureplasty. 

 Crohn’s disease of the colon lends itself poorly 
to be treated with strictureplasty techniques. This is 
due to the frequently extensive infl ammatory nature 
of colonic Crohn’s disease. Only rarely the disease 
presents itself as an isolated fi brotic stricture located 
in a segment easily amenable to a strictureplasty. 
The ascending, transverse, and rectosigmoid colon 
rather than the fl exures and the rectum offer the 
necessary combination of intestinal wall pliability, 
lumen size, and mobility to perform a stricture-
plasty. Yet, even in the most favorable conditions, 
strictureplasty techniques have resulted in mediocre 
long-term outcomes [ 13 ].   

    Short-Term Outcomes 

 The safety and feasibility of strictureplasty for 
Crohn’s disease has been well validated. In a 
meta-analysis by Yamamoto et al. [ 8 ], 1,112 
patients who underwent 3,259 strictureplasties 
were studied. The overall morbidity rate was 
13 % and the mortality rate was nil. Only 4 % of 
patients developed a septic complication, such as 
anastomotic leak, abscess formation, and fi stula. 
Less than half of these patients required a laparot-
omy for sepsis. The strictureplasty site was com-
monly associated with sepsis (78 % of patients). 
The postoperative hemorrhage rate was 3 %. The 
authors concluded that strictureplasty techniques 
were safe. 

 Strictureplasty has been shown to have favor-
able outcomes even when compared to small 
bowel resections for Crohn’s disease. In a meta- 
analysis by Reese et al. [ 14 ] 662 patients who 
underwent strictureplasty or bowel resection 
were examined. The overall early postoperative 
complication rate of strictureplasty was 12.7 % 
compared to 19.1 % in the resection group, septic 
complications occurred in 8.1 % of strictureplas-
ties, and 11.2 % of intestinal resections, and post-
operative hemorrhage rates in 3.0 % vs. 6.7 %, 
respectively. None of these differences was sta-
tistically signifi cant. The authors conclude that 
strictureplasty is safe and does not confer 
increased morbidity when compared with resec-
tion and anastomosis. 

 In a meta-analysis by Campbell et al. [ 5 ] 
1,616 patients who underwent 4,538 stricture-
plasties were studied and grouped according to 
conventional (Heineke–Mikulicz or Finney) and 
non- conventional (Michelassi, modifi ed and oth-
ers) strictureplasties. The overall morbidity rate 
was 13 %. The septic complication rate, which 
also included surgical site infections, was 4.6 % 
in conventional strictureplasties and 3.8 % in 
non- conventional strictureplasties. The postop-
erative hemorrhage rate was 4.6 % in conven-
tional strictureplasties compared to 1.9 % in 
non- conventional strictureplasties. This meta-
analysis proved that non-conventional, advanced 
strictureplasty techniques do not confer a higher 
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postoperative morbidity risk than conventional, 
simpler strictureplasty techniques. 

 The Michelassi side-to-side isoperistaltic 
strictureplasty has been validated as feasible and 
safe in several smaller studies. An international 
multicenter observational study of 184 patients 
with Crohn’s disease who underwent a side-to- 
side isoperistaltic strictureplasty [ 15 ] determined 
that the overall morbidity rate was low, ranging 
from 5.7 to 20.8 %. In this series, the length of 
diseased bowel selected for strictureplasty ranged 
from 20.8 ± 9.9 cm to 64.3 ± 29.3 cm and syn-
chronous strictureplasties were performed in 
41.9–83.3 % of cases.  

    Long-Term Outcomes 

 Strictureplasty sites are not immune from dis-
ease recurrences. In a meta-analysis by Reese 
et al. [ 14 ] comparing patients undergoing stric-
tureplasty with patients undergoing resections, 
recurrence in need of surgical treatment 
occurred in 37.8 % of patients undergoing stric-
tureplasty compared to 31.0 % of those patients 
undergoing resection. On further analysis, 
patients undergoing strictureplasty were 8 % 
more likely to experience surgical recurrence 
than patients undergoing resection ( P  = 0.01). 
Yet the site of the recurrence was not specifi ed 
in this paper. 

 The site of recurrence was looked at specifi -
cally by Tichansky et al. [ 16 ]. Although recur-
rence rates ranged from 23 % for the Finney 
strictureplasty to 32 % for the Heineke–Mikulicz 
strictureplasty, when the authors looked at where 
the recurrence occurred, only in 8 % of cases the 
recurrence occurred on a previous strictureplasty 
site, most of the recurrences occurring away from 
strictureplasty sites. 

 This observation was confi rmed by Fichera 
et al. who described a series of 78 patients with 
134 sites requiring operative intervention (85 
requiring resection and 49 amenable to stricture-
plasty). The authors found signifi cantly fewer 
recurrences at strictureplasty sites compared to 
resection sites (45 % vs. 70 %;  P  < 0.05). 

Similarly, in a meta-analysis by Yamamoto 
 analyzing 1,112 patients who underwent 3,259 
strictureplasties, the 5-year site-specifi c recur-
rence rate was only 3 % [ 8 ]. 

 Experience with recurrences in need of surgery 
is accumulating slowly after performance of a 
side-to-side isoperistaltic strictureplasty. One 
observational study [ 15 ] reported a surgical recur-
rence rate of 7.6 % after a mean follow-up of 35 
months. The majority of the recurrences occurred 
at the inlet and outlet of the side-to-side stricture-
plasty, leading some authors to advocate perfor-
mance of a Heineke–Mikulicz strictureplasty at 
the inlet and outlet, respectively (see under section 
“Strictureplasty Techniques Based on Stricture 
Length and Modifi cations”). 

 Development of small bowel adenocarcinoma 
has been documented at strictureplasty sites. 
Surgical biopsies should be obtained at intended 
sites of strictureplasty if the mucosa appears con-
cerning for a dysplastic or neoplastic transforma-
tion. The incidence is fairly low, as Campbell 
et al. [ 5 ] reported rates of 0.34 % in conventional 
strictureplasties and 0.21 % in non-conventional 
strictureplasties. Given the rarity of this compli-
cations, most surgeons concur that risk of malig-
nant transformation is not suffi cient to dissuade 
performance of a strictureplasty.  

    Summary 

 Crohn’s disease is a chronic, infl ammatory disease 
of the entire gastrointestinal tract. Surgical indica-
tions include obstruction, perforation, hemorrhage, 
failure to thrive, and failure of medical therapy. 
Strictureplasty techniques can be employed to 
relieve strictures causing partial or complete 
bowel obstruction. The choice of technique 
depends on the number, length, and location of 
the stricture(s). Strictureplasty has been shown to 
be safe and effective, avoids sacrifi cing absorptive 
bowel surface, and possibly may have a protective 
effect against site recurrences. Bowel-sparing 
techniques are an essential tool in the armamen-
tarium of a surgeon caring for a patient with 
Crohn’s disease.     
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           Clinical Presentation 

 Similar to ulcerative colitis, the onset of colonic 
Crohn’s is bimodal, with a fi rst peak occurring in 
the pediatric and young adult population, and the 
second amongst patients in the 50–70 age range 
[ 1 ]. A common description is that of anorectal 
disease preceding that of more proximal disease 
by several years. Other common presentations 
include diarrhea which may or may not be bloody, 
crampy abdominal pain, weight loss, and nutri-
tional defi ciencies. Acuity can vary from symp-
toms evolving over weeks or months, to a patient 
presenting with a sudden onset of severe, “toxic” 
colitis. 

 Colonic Crohn’s disease can occur in three 
main presentations: pancolonic, i.e. involving the 
entire colon; or segmental with intervening nor-
mal mucosa; or the colon may be involved as a 
“bystander.” By defi nition, the infl ammatory pro-
cess involves all layers of colonic wall, which can 
lead to perforation, abscess, and/or fi stula. The 
most common site of involvement is the terminal 
ileum, which can fi stulize to colon (most fre-
quently the sigmoid colon) or other pelvic organs 
such as the bladder or the vaginal cuff. Often, 

these organs are secondarily involved by the 
infl ammatory process and simple repair at the 
time of surgery would suffi ce. In the case of ile-
osigmoid fi stula (Fig.  12.1 ), colonoscopic exam-
ination demonstrating lack of infl ammation at 
the area of fi stula confi rms that the colon is sec-
ondarily involved [ 2 ,  3 ]. 

 Colonic strictures are a common manifesta-
tion of Crohn’s disease. The treatment may be 
determined by the length of the stricture and its 
characteristics, e.g. rigidity secondary to long-
standing scarring. Some shorter isolated stric-
tures may be amenable to endoscopy with balloon 
dilation after biopsy. High grade strictures, long 
strictures, and active infl ammation would be 
more likely to require segmental resection.  

    Colon Cancer 

 Although Crohn’s disease does not confer the 
same increase in colorectal cancer risk compared 
to ulcerative colitis, there is no doubt that long-
standing colitis of any etiology increases the risk 
of malignancy. A recent Swedish study demon-
strated a relative risk of 5.6 in these patients, with 
higher risk observed in patients with pancolitis 
[ 4 ,  5 ]. Therefore, current recommendations with 
regard to screening are similar to those in patients 
with ulcerative colitis. Surveillance should begin 
10 years after onset of the disease symptoms and 
every 1–2 years thereafter. The areas affected by 
colitis are most prone to malignant transformation, 

        A.     Husic ,  MD, FACS    
   T.    M.     Young-Fadok ,  MD, MS, FACS, FASCRS      (*) 
  Division of Colorectal Surgery, Mayo Clinic 
College of Medicine ,   Phoenix ,  AZ ,  USA   
 e-mail: youngfadok.tonia@mayo.edu  

  12      Surgery: Colon 

           Amila     Husic      and     Tonia     M.     Young-Fadok     

mailto:youngfadok.tonia@mayo.edu


176

therefore the distribution can affect entire colon. 
Present recommendations include biopsies of all 
suspicious lesions, polyps, or masses as well as 
2–4 random biopsies every 10 cm. 

 Finding of high grade dysplasia implies up to 
a 40 % chance of associated cancer and therefore 
warrants a total colectomy. Lesions with low 
grade dysplasia may or may not progress to high 
grade based on a study demonstrating only 10 % 
conversion rate at 10 years. Although studies 
have demonstrated various rates of malignancy at 
the time of colectomy in patients with low grade 
dysplasia, a close follow-up is warranted to 
exclude further progression to malignancy.  

    Surgical Management 

 Indications for surgery in a patient with Crohn’s 
colitis can be classifi ed as emergent and elective. 
Acute perforation with abscess, hemorrhage, 
obstruction with stricture or fulminant colitis not 
responsive to medical therapy requires an urgent 

approach. Most patients, however, proceed to 
surgery after longstanding and often progressive 
disease. Chronic anemia, malnutrition, and debil-
itating diarrhea can all be indications for surgery. 
In cases of severe anorectal involvement, surgical 
approaches often involve creation of a stoma, 
which in many cases is permanent. Therefore, the 
decision to proceed to surgery in patients with 
severe associated anorectal disease is often con-
tingent upon the patient’s acceptance of perma-
nent colostomy/ileostomy. Establishment of a 
trusting, long-term relationship between the sur-
geon and a patient with Crohn’s disease is neces-
sary as the decision-making can be complex and 
involving multiple aspects of patient care. A mul-
tidisciplinary approach is often benefi cial with a 
gastroenterologist, primary care physician, and 
surgeon involved.  

    Approach 

 Considering that the majority of Crohn’s patients 
have a relatively low BMI compared to general 
population, a laparoscopic approach is feasible 
and should be considered. In addition, these 
patients are often young and aware of the 
c osmetic result. This is particularly advocated 
since there is high likelihood of repeat operative 
intervention. There is a relatively low rate of 
 conversion to laparotomy, ranging from 7 to 
11 % [ 6 ,  7 ]. Even in patients presenting with 
acute colitis a laparoscopic approach is advisable 
[ 8 ,  9 ]. Leading to reduced wound infections, 
intra-abdominal abscesses, and shorter length of 
hospital stay. In reoperative surgery cases, lapa-
roscopic approach is feasible and does not appear 
to increase the likelihood of complications [ 10 ]. 
Necessity for further bowel resection and pres-
ence of abscess/fi stula were found to be risk fac-
tors for conversion, as demonstrated in study by 
Alves et al. [ 11 ]. Patients who underwent laparo-
scopic ileocolic resection had improved out-
comes with morbidity for 10 % vs 33 % when 
compared to the open group, as well as a shorter 
length of stay 5 vs 7 days [ 12 ]. 

 Establishment of initial laparoscopic access 
can be challenging in reoperative surgery cases. 

  Fig. 12.1    CT scan. Sixty-two-year-old male patient with 
left-sided Crohn’s colitis. Note long abscess cavity lateral 
to the descending colon       
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We have found that a cutdown technique using a 
supra- or periumbilical incision works well for 
most cases and provides a satisfactory cosmetic 
result. The periumbilical incision may be 
extended as needed and allow for exteriorization 
of small bowel and mobilized segments of colon. 

 Placement of accessory ports is infl uenced 
based on the location of the involved segment. 
For proctocolectomy, we have found that port 
distribution in a “diamond” pattern is most versa-
tile, with the Hasson port located supraumbili-
cally, and three 5 mm working ports: suprapubic, 
LLQ, and RUQ. Occasionally, a fi fth port can be 
placed in LUQ to assist in mobilization of omen-
tum and transverse mesocolon, although this is 
frequently not necessary in a patient with little 
intra-abdominal fat. Since many of these opera-
tions will include a creation of ileostomy or 
colostomy, the planned ostomy site can be used 
to guide placement of lateral ports, to avoid 
unnecessary incisions. Some centers also employ 
a hand-assist port, which is most commonly 
introduced via Pfannenstiel incision. It has been 
our practice to perform the mobilization laparo-
scopically, and then perform an extracorporeal 
anastomosis through a periumbilical incision, 
which is also used as the specimen extraction 
site. In thin patients, with a relatively favorable 
anatomy and no history of previous surgery, a 
single port approach can be considered [ 13 ]. 

 When anastomosing two segments, it is 
important to examine the intestinal lumen for 
ulcerations or other signs of mucosal disease. 
The use of a stapler vs handsewn technique is 
often a matter of personal preference of the sur-
geon. A systematic review assessing the anasto-
motic leak rate in Crohn’s patients undergoing 
ileocolic resection found a higher leak rate in 
patients undergoing handsewn end-to-end anas-
tomosis, compared to other confi gurations [ 14 ]. 
Due to the larger caliber of colon compared to 
small bowel, however, stapled side-to-side 
anastomosis allows for easier construction of 
the anastomosis. Handsewn anastomosis may be 
considered in general when dealing with a sig-
nifi cant discrepancy in thickness of bowel wall 
as a consequence of prolonged obstructive 
symptoms.  

    Postoperative Care 

 Increasing implementation of ERAS protocols 
has led to faster patient recovery and shorter 
length of stay. Numerous studies have docu-
mented the benefi t of this approach in both adult 
and pediatric patients [ 15 ,  16 ]. Frequently, these 
patients have a high narcotic tolerance due to 
chronic abdominal pain, therefore a dedicated 
pain service is often helpful in transitioning the 
patient to oral therapy. It is important to note that 
medical therapies for Crohn’s disease should 
generally be discontinued in the perioperative 
period, except for corticosteroid therapy which 
needs a gradual taper.  

    Segmental Resection 

 The distribution of colonic Crohn’s disease is 
highly variable with approximately a third of the 
patients presenting with right-sided disease, and 
remainder with left-sided disease (Fig.  12.2 ) or 
pancolitis. Of particular importance in surgical 
planning is the extent and degree of anorectal 
involvement since that can limit potential recon-
structive options. For isolated segmental disease, 
a local resection of that portion of bowel is a 
reasonable alternative to more aggressive 
approaches. This option is commonly utilized in 
an elective  setting, where the extent of disease is 
known and documented, for example an existing 
stenosis or a fi stula. Primary anastomosis is often 
possible, except in cases of anorectal involve-
ment or gross contamination (Fig.  12.3 ). Since 
this approach involves a creation of an anastomo-
sis, the patient’s nutritional and medication-
related factors need to be optimized. In particular, 
if the patient is receiving concomitant treatment 
with biologic agents, the patient should ideally be 
outside the therapeutic window. For infl iximab 
this period is 6–8 weeks, adalimumab 2 weeks, 
and cimzia 4 weeks. The decision to proceed is 
contingent on patient’s understanding of risks 
associated, in particular the risk of anastomotic 
leak and recurrent disease. 

 Unlike ulcerative colitis for which total procto-
colectomy is curative, Crohn’s disease can often 
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recur after surgical resection. Risks of recurrence 
have been estimated in the literature in the order 
of 40 %, as reported in the study by Fichera et al. 
[ 7 ]. This study also found shorter time for disease 
recurrence in patients who underwent segmental 
colectomy as well as higher likelihood of requir-
ing long-term medications. Patients with isolated 
distal disease were more likely to ultimately 
require a stoma, warranting that a more extensive 
resection should be considered at the time of ini-
tial operation. 

 The advantages of segmental resection are 
refl ected in improving the patient’s functional 
outcome, namely decrease in frequency of 
bowel movements, as well as avoidance of 
stoma. In one study, 86 % of patients remained 
stoma free long-term after segmental resection 
[ 17 ]. Similarly, a retrospective analysis by 
Martel demonstrated no difference in postoper-
ative complications with respect to segmental 
colectomy vs more extensive approach [ 18 ]. 
Another study found the risk of having a stoma 

  Fig. 12.2    Operative specimen following left colectomy, Hartmann procedure, and mucus fi stula       

  Fig. 12.3    CT scan. 
Eighteen-year-old male 
with ileocecal disease plus 
ileosigmoid fi stula and 
active localized sigmoid 
Crohn’s colitis. Patient 
underwent ileocecectomy 
and segmental resection 
of the distal sigmoid 
laparoscopically       
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after initial segmental colonic resection to be 
44 %, after a mean follow-up of 8.3 years [ 19 ]. 
A large retrospective analysis of 833 patients 
with Crohn’s disease analyzed the risks factors 
for postoperative disease recurrence. Perianal 
disease, ileorectal anastomosis, and segmental 
resection were found to be independent risk 
factors [ 20 ]. 

 Surgical experience involving strictureplasty 
is limited in colonic Crohn’s disease likely 
because the colon does not actively participate in 
digestion and absorption of nutrients and there-
fore preserving a few inches is of questionable 
clinical benefi t.   

    Total Colectomy with Ileorectal 
Anastomosis 

 Ileorectal anastomosis is an option in patients 
with pancolitis who have relative rectal sparing. 
This procedure can often be safely performed as 
a single stage. When presentation of colonic 
Crohn’s is complicated by toxic colitis or an 
abscess, strong consideration should be given to 
performing the procedure in two stages, particu-
larly in a severely immunosuppressed and/or 
nutritionally depleted patient. Patient selection 
is important with regard to age and sphincter 
function. Poor sphincter control can lead to 
incontinence and inferior functional outcome. 
Thorough evaluation should include obtaining 
details of any history of perianal surgery, rectal 
prolapse, obstetric history, or any other trauma 
to the perineum that might affect sphincter mus-
cles and their nerve supply. The patient should 
be questioned on frequency of “accidents” and 
undergo anal manometry or ultrasound evalua-
tion if there is a high clinical suspicion for 
sphincter injury. Preoperative counseling is 
important, as some patients will be better served 
with permanent ileostomy, even if the rectum is 
left in place. Despite the success of initial sur-
gery, many patients will develop further prob-
lems over time. A study by Elton et al. 
demonstrated that approximately half of the 
patients who undergo ileorectal anastomosis 
would ultimately require a permanent ileostomy 

[ 21 ]. The most common complications were 
development of strictures and fi stulas. Overall 
functional outcome in most patients included 
3–5 bowel movements per day [ 21 ]. In general, 
this procedure is most appropriate for younger 
patients with good sphincter function and rela-
tive rectal sparing who wish to avoid a perma-
nent ileostomy. 

 Another study by Cattan et al. retrospectively 
examined rate of recurrence after ileorectal 
 anastomosis in 118 patients. Despite disease 
recurrence rate of 83 % at 10 years, 63 % of 
patients retained a functioning ileorectal anasto-
mosis [ 22 ]. Extraintestinal manifestations and 
previous ileal disease were associated with a 
higher risk of recurrence. 

 A recent retrospective review by Riordan sim-
ilarly found a 5- and 10-year rate of functional 
ileorectal anastomosis of 87 % and 72 %, respec-
tively [ 23 ]. Their reported leak rate was 7.4 %. 

 The construction of ileorectal anastomosis 
can be performed end-to-end, end-to-side, or 
side-to- side using a stapler or a handsewn tech-
nique. We prefer the straight laparoscopic 
approach using the EEA stapler for a side-to-end 
anastomosis with the terminal ileum. 
Consideration should be given to a diverting ile-
ostomy, especially in patients with nutritional or 
immunologic defi ciencies.  

    Subtotal Colectomy with End 
Ileostomy 

 Subtotal colectomy with end ileostomy is most 
suitable for patients with extensive colonic dis-
ease with rectal sparing who are not candidates 
for ileorectal anastomosis. Patient preference 
plays a role in selection as well as any risk factors 
with regard to incontinence. Regardless of 
patient’s ultimate desire for GI continuity, this 
procedure is often indicated as the fi rst stage in 
dealing with acute presentation of severe colonic 
Crohn’s disease, where construction of an anasto-
mosis would be inadvisable. This approach is 
also advocated in patients with short duration 
acute colitis, since on initial presentation it may 
be diffi cult to differentiate between ulcerative 
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colitis and Crohn’s disease in a patient with lim-
ited prior history and evaluation. Completion 
proctectomy or ileorectal anastomosis may be 
performed at a later date if indicated. 

 At the time of colectomy, the rectal stump is 
divided just above the level of the sacral promon-
tory. Care should be taken during division of sig-
moid mesentery to preserve the superior rectal 
pedicle. Some authors advocate leaving a long 
sigmoid stump as a mucus fi stula which can be 
used to decompress, irrigate, and evaluate the 
remaining rectum [ 24 ,  25 ]. While this is an 
option, we have found that leaving a large-caliber 
transanal drain for 48 h accomplishes the same 
goal, with minimal patient discomfort and there-
fore avoids the need for a mucus fi stula. 

 The fate of the defunctioned rectal stump was 
investigated in a study by Guillem et al. where 
they reviewed 47 cases of excluded rectal seg-
ment. Perianal disease at initial presentation was 
predictive of a need for proctectomy, while termi-
nal ileal disease and infl ammatory changes in the 
rectum did not carry a signifi cant risk. The dis-
ease recurrence in the remnant was noted to be 
70 % at 5 years, requiring completion proctec-
tomy in half of the patients [ 26 ]. 

 The authors concluded that the patients with 
perianal disease undergoing colectomy for Crohn’s 
colitis should probably be candidates for procto-
colectomy or early completion proctectomy. 

 It is important to note the importance of 
surveillance proctoscopy in patients with rectal 
remnant. Although the exact rate of colorectal 
malignancy is unknown, several cases have been 
described in the literature [ 27 ]. 

 At increased risk are patients with longstand-
ing active anorectal Crohn’s fi stulas in which both 
squamous cell and adenocarcinomas have been 
reported and conferred a poor prognosis [ 28 ].  

    Proctocolectomy with End 
Ileostomy 

 For a patient with pancolitis and severe perianal 
disease, proctocolectomy is the procedure of 
choice. In this scenario, patients are left with a 
permanent end ileostomy. The advantages of this 

approach in patients with Crohn’s disease iso-
lated to the colon are minimizing the risks of 
recurrent disease and the need for further opera-
tive intervention. Disadvantages include the 
extensive initial operation, which includes pelvic 
dissection. In both men and women, there are 
associated risks, primarily with sexual dysfunc-
tion due to the potential injury to hypogastric 
nerves and nervi erigentes [ 29 ]. 

 There are several options for addressing the 
anal sphincter during proctectomy. In patients 
with severe perianal disease, a complete anoperi-
neal resection might be the most appropriate. 
This can, however, lead to wound complications 
and pelvic sepsis in over 20 % of patients. 
Yamamoto et al. demonstrated that factors con-
ferring signifi cantly greater risk of perineal sinus 
were younger age, rectal involvement, perianal 
sepsis, high fi stulas, extrasphincteric excision, 
and fecal contamination at operation [ 30 ]. 

 An intersphincteric approach can be used as 
an alternative, where the external sphincter mus-
cle and part of the mesorectum are left in place. 
Some authors advocate a completely transperi-
neal approach with complete proctectomy per-
formed in prone position [ 31 ]. 

 In select patients, a low Hartmann procedure 
can be offered, where the rectum is stapled off at 
the level of the pelvic fl oor. This option might 
help younger patients with decision-making to 
undergo surgery since their anal sphincter will be 
preserved for potential future restorative proce-
dure. The risks are persistent fi stulizing perianal 
disease, in particular a development of a chronic 
presacral sinus, presumably resulting from staple 
line breakdown.   

    Proctocolectomy with Ileal Pouch 
Anal Anastomosis 

 While restorative proctocolectomy with creation 
of ileal pouch is generally an option in patients 
with ulcerative colitis, this procedure has not 
been accepted as a treatment plan in patients with 
colonic Crohn’s disease [ 32 ]. 

 The concern is a high risk of disease occur-
rence in the pouch as well as the need for exten-

A. Husic and T.M. Young-Fadok



181

sive surgery and small bowel resection should 
the pouch require removal. Several studies have 
challenged this notion, often in cases where 
Crohn’s disease was diagnosed after creation of 
ileal pouch.  

 Initial study published on the subject was by 
a French group in 1996 where out of 31 patients, 
6 (19 %) experienced Crohn’s related compli-
cations necessitating further surgery [ 33 ]. 
Long- term follow-up of this cohort found a 
pouch excision rate of 10 % [ 34 ]. A more recent 
study from Cleveland clinic incorporated three 
groups of patients who underwent IPAA with 
Crohn’s colitis—those where surgery was per-
formed intentionally, those where Crohn’s was 
diagnosed on fi nal pathology, and those with 
delayed diagnosis. The 10-year pouch retention 
rate was 71 % and was lower in patients who had 
delayed diagnosis. Patients with a pouch reported 
good quality of life scores with respect to conti-
nence and number of daily bowel movements (7 
on average) [ 35 ]. 

 In contrast to the studies above, researchers 
from Lahey Clinic reported a complication rate 
of 93 % with 29 % eventual rate of pouch loss or 
diversion. The most common complications were 
development of perineal abscess/fi stula, pouchi-
tis, and pouch-anal stricture. The authors found 
no preoperative clinical, endoscopic, and patho-
logic risk factors that were predictive of pouch 
failure [ 36 ]. 

 Similarly, a British study examined a subset of 
patients who underwent IPAA and had 57.5 % 
pouch failure rate when diagnosed with Crohn’s 
disease or indeterminate colitis favoring Crohn’s, 
while patients with UC were found to have pouch 
failure of 11.5 %, while no differences were 
observed with regard to bowel function and 
incontinence [ 37 ]. 

 Considering these fi ndings, a few surgeons 
have offered ileal pouch anal anastomosis in 
highly select patients with isolated colonic 
Crohn’s disease. In these patients, affected seg-
ments should be confi ned to colon, with no 
perianal or small bowel involvement. While the 
creation of an ileal pouch in a patient with 
Crohn’s disease is controversial, there is no 
doubt that these patients require extensive 

counseling and long-term medical therapy for 
Crohn’s disease. In the US the controversy per-
sists and this is not considered an option in a 
patient with known Crohn’s colitis.     
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 Introduction

While Crohn’s disease was initially described as 
terminal ileitis in 1932 [1], there were a number 
of reports of anal fistulizing disease which was 
most likely a manifestation of anal Crohn’s dis-
ease in the nineteenth and early twentieth cen-
tury. Colles described fistulizing rectal and 
perianal disease in children in 1829 [2] and 
Gabriel described anal fistulas and giant cells in 
30 patients in the absence of tuberculosis [3]. 
Penner and Crohn subsequently recognized anal 
lesions in 20 out of 110 patients with Crohn’s dis-
ease in 1938 [4]. Perianal disease is now recog-
nized as a distinct phenotype of Crohn’s and the 
susceptibility locus on chromosome five has been 
identified.

The exact incidence of patients with Crohn’s 
disease who have perianal manifestations ranges 
from 14 to 38 % [5–8]. The range is due in part 
to the definition of perianal disease and how dili-
gently perianal disease was sought after and 
diagnosed. Studies that include skin tags and 

hemorrhoids have a higher incidence of perianal 
disease, while studies which include abscess, 
fistula, and fissure only have a lower incidence 
of perianal disease.

Patients with colonic Crohn’s disease are 
more likely to have perianal disease; the likeli-
hood is higher, the more distal the intestinal dis-
ease is. Crohn’s disease involving the anus only 
is rare and a small minority of patients present 
with anal disease only [8]. Manifestations of 
perianal Crohn’s disease include anal fissures, 
anal ulcerations, anorectal abscess or fistulas 
including rectovaginal fistulas, anal stricture, 
and perianal skin tags disease. While these 
lesions are not pathognomonic of Crohn’s, the 
diagnosis should be suspected in patients who 
have multiple anal lesions, lateral fissures, deep 
ulcerations, a stricture at the anorectal ring, and 
multiple fistulas.

 Examination and Diagnosis

The initial patient history should focus on the 
extent of Crohn’s, prior medical treatments, and 
prior resections. A history of prior anal surgery or 
obstetric trauma should be noted.

Initial assessment consists of visual inspection 
and palpation of the perianal skin and anal canal. 
Large anal tags may overly fissures and anal 
ulcerations; retraction of the buttocks is neces-
sary to note these findings. The presence of prior 
scarring is noted as well as the external opening 
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of any fistula tracts. If an external opening is 
noted, one should attempt to palpate a tract.  
A palpable tract generally notes a more superfi-
cial fistula and is helpful in facilitating the identi-
fication of the internal opening. Digital rectal 
examination combined with anoscopy is per-
formed to identify the tone of the sphincter, iden-
tify an internal opening or secondary tract, note 
the presence of associated sepsis or abscess and 
note a stricture of the anorectal ring. A flexible 
sigmoidoscopy or colonoscopy is helpful to 
assess the degree of rectal inflammation and 
assess the distensibility of the rectum.

Patients with active proctitis and associated 
anorectal sepsis may be too tender to examine in 
the office, and examination under anesthesia 
(EUA) is indicated. EUA also permits use of 
various probes to assess fistula tracts and poten-
tial injection of hydrogen peroxide or methylene 
blue to identify the internal opening. Gentle 
probing, palpation of the tract with the educated 
index finger, and application of Goodsall’s rule 
are helpful to identify the internal opening of fis-
tula tracts. Goodsall’s rule states if the anus is 
divided by a line drawn transversely through the 
anus, a fistula with an anterior external opening 
will follow a radial course to the anal canal and a 
fistula with a posterior external opening will 
curve posteriorly to enter the crypt in the midline 
[9]. The accuracy of Goodsall’s rule has been re-
examined. In a study of 110 male and 72 female 

patients, of whom 63 had Crohn’s disease, anterior 
fistulas were more frequent in women and in 
patients with Crohn’s disease [10]. Posterior fis-
tulas were more common in men and in patients 
without Crohn’s disease. Goodsall’s rule was 
more accurate for posterior than anterior fistulas 
and was not affected by the presence of inflam-
matory bowel disease [10, 11].

 Imaging and Other Considerations

Imaging is not necessary in the majority of 
patients with Crohn’s disease but is a useful 
adjunct in patients with complex or multiple 
fistulas and patients with recurrent anal fistulas 
(Figs. 13.1, 13.2, and 13.3). The history and 
physical examination and overall assessment of 
the patient should include a review or prior 
imaging and endoscopic examinations.

 Fistulography

Fistulography entails cannulating the external 
opening of a fistula, injecting contrast material 
and obtaining images. Although fistulography has 
fallen somewhat out of vogue particularly with 
the use of MRI, I still find fistulography valuable 
in selected cases, particularly those patients 
who have long pararectal tracts. In these patients, 

Fig. 13.1 Two images of a patient with a transphincteric fistula shown on sinogram (fistulogram) (a) and on MRI (b)
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fistulography is a straightforward examination to 
look for communication with remote organs such 
as small bowel or sigmoid colon.

 Endoanal Ultrasound

Although ultrasound is not needed in the majority 
of patients with anorectal abscess and fistula, it is 
useful in selected patients with Crohn’s disease 

particularly those with complex fistulas including 
horseshoe fistulas, high tracts, multiple fistulas, 
and secondary tracts. Accuracy rates of 80–89 % 
have been reported [12–16]. Three dimensional 
ultrasound techniques combined with hydrogen 
peroxide injection have been reported with 
 concordance rates of 90 % (comparable to the 
accuracy of MRI) [17, 18]. Ultrasound remains 
operator  dependent with excellent results from 
selected centers.

Fig. 13.2 Two images of a patient with a complex suprasphincteric fistula shown on fistulogram (a) and MRI (b) MRI 
can distinguish between fibrosis and infection and assess complex tracts

Fig. 13.3 This patient had a complex intersphincteric fistula with a secondary track and large cavity demonstrated on 
fistulogram (b) and ultrasound (a)
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 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) has the abil-
ity to distinguish anal sepsis and granulation tis-
sue from anal sphincter musculature and is 
useful to delineate additional or more complex 
disease in patients with Crohn’s. In some studies, 
additional or more complex disease was noted 
in 40 % of patients which altered the operative 
plan [19, 20].

MRI has been reported to have accuracy rates 
as high as 90 % for delineating fistula tracts and 
the relationship to the sphincter and identifying 
the internal opening [17, 18]. While imaging is 
not necessary for the majority of patients, it is 
helpful in patients with complex disease and 
those with recurrent disease. The findings of MRI 
must then be correlated with the intraoperative 
findings; at times, the sophistication of imaging 
exceeds our ability to delineate the tracts 
intraoperatively.

 Clinical Course and Approach 
to Treatment

The clinical course of perianal Crohn’s disease is 
variable but in general, patients have a more dis-
abling clinical course with the development of 
more extra-intestinal manifestations and less 
response to steroids. Close collaboration with the 
surgeon, primary care physician, and gastroenter-
ologist is essential for optimal outcomes. The 
goals of treatment include maintaining continence 
and avoiding a stoma if possible, improving the 
quality of life, limiting the risk of recurrent disease, 
timing surgical interventions, and optimizing 
medical therapy.

A number of classification systems have been 
devised for assessment of perianal Crohn’s disease. 
Hughes proposed the Cardiff classification system 
in which each major manifestation of perianal 
Crohn’s disease is graded on a 2 point scale [21]. 
The American Gastroenterological Association 
technical review in 2003 [6] proposed an empiric 
approach, including physical exam and endoscopic 

examination with classification of fistulas as sim-
ple or complex. A perianal Crohn’s disease activity 
index was described by Irvine in 1995 to evaluate 
five categories of morbidity in patients with 
perianal Crohn’s including presence of fistula 
discharge and pain, restriction of daily activity, 
restriction of sexual activity, type of perianal 
disease, and degree of induration [22]. No clas-
sification system is widely used or accepted but 
collectively they provide a framework to catego-
rize perianal disease.

Treatment of anal Crohn’s disease involves 
coordination of medical and surgical therapy. 
Drugs with efficacy for treating perianal Crohn’s 
disease include antibiotics (especially metronida-
zole and ciprofloxacin), immunosuppressives 
(azathioprine and 6-mercaptopurine), calcineurin 
inhibitors (cyclosporine and tacrolimus), and 
biological agents (infliximab, adalimumab, and 
certolizumab). Please refer to Chap. 4 for specific 
details.

The use of antibiotics has been a mainstay in 
the treatment of fistulas and anorectal abscesses 
associated with perianal Crohn’s disease. Despite 
the widespread use, there are very few controlled 
trials in the literature and the existing trials have 
a small sample size. Clinical response generally 
occurs after 6–8 weeks, fistula drainage decreases 
but does not cease and drainage and symptoms 
recur with discontinuation of the antibiotic. In a 
recent trial to evaluate the results of ciprofloxacin 
and metronidazole in the treatment of perianal 
Crohn’s disease, remission and response seemed 
to occur more commonly after ciprofloxacin [23]. 
Once again, the sample size was small (25 patients). 
A limiting factor with antibiotic therapy has been 
the development of adverse events with long-
term therapy including sensory neuropathy with 
the use of metronidazole and the risk of tendon 
rupture with ciprofloxacin. To avoid the adverse 
events with systemic therapy, metronidazole 
10 % ointment has also been evaluated in a 
randomized controlled trial [24]. In this trial, 74 
patients with anal fistula were randomized to 
application of placebo ointment or metronidazole 
10 % ointment three times a day. A significant 
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difference was not noted but patient in the met-
ronidazole arm had reduction in discharge and 
perianal pain.

The use of anti-TNF alpha agents has substan-
tially changed the approach to management of 
patients with Crohn’s disease and in particular 
those with fistulizing disease. The initial data on 
efficacy was published in 1999 with 94 patients 
with fistulizing Crohn’s disease randomized to 
infliximab or placebo at 0, 2, and 6 weeks [25]. 
55 % of patients randomized to the 5 mg/kg dose 
of infliximab had fistula closure compared to 13 % 
of patients randomized to placebo. Subsequently 
the ACCENT II trial demonstrated superiority 
of infliximab over placebo for long- term heal-
ing [26]. A more recent study showed that com-
bination therapy of adalimumab and ciprofloxacin 
resulted in a higher fistula closure rate and 
resulted in better quality of life than adalimumab 
alone [27].

 Perirectal Abscess

Abscesses are common in patients with Crohn’s 
disease occurring in 23–62 % of patients and are 
a common indication for anal surgery. They may 
present in any of the perirectal spaces—inter-
sphincteric, perianal, ischiorectal, and supraleva-
tor. Patients may also present with a postanal 
space abscess with poorly characterized rectal 
pain and no external signs of sepsis. The presen-
tation of patients with perirectal abscess and 
Crohn’s disease is similar to patients without 
Crohn’s presenting with anal pain, fever, and a 
lump or swelling on examination. Any patient 
with unexplained rectal pain should be consid-
ered to have an abscess until proven otherwise. 
While ischiorectal and perianal abscesses are 
common, patients with Crohn’s disease are more 
likely to have more complex abscesses.

The diagnosis of an abscess is usually 
straightforward on history and physical exami-
nation. EUA is performed if the patient is too 
tender to examination in the office. Simple 
abscesses can be drained under local anesthesia 
in the office setting. The majority of patients 

including those with more complex abscesses, 
recurrent abscesses, and abscesses associated 
with other perianal manifestations of Crohn’s 
disease are generally best drained in the operat-
ing room where a thorough examination can be 
performed. Endorectal ultrasound, CT scan, or 
MRI is generally not needed but may be useful 
adjuncts to diagnosis selective abscesses, particu-
larly those in the supralevator space [28]. A deep 
perianal abscess also known as a postanal space 
abscess may be difficult to diagnose. Patients 
often complain of perianal pain and have no 
external signs of sepsis. Digital rectal examina-
tion reveals a tender boggy feel of the anal canal 
posteriorly. The deep postanal space is bounded 
superiorly by the levator ani, inferiorly by the 
anococcygeal ligament, medially by the anal 
sphincter/rectal wall.

Once an abscess is diagnosed, incision and 
drainage is performed. Drainage is performed as 
close to the anal canal as possible with care to 
avoid sphincter damage and to have any resultant 
fistula have a shorter tract. We have also used 
mushroom catheters for patients with deep 
abscesses, complex abscesses, and large cavities 
and in a cohort of 38 patients have found a slight 
benefit in patients who underwent catheter drain-
age in terms of a lower risk or recurrent abscess 
and a lower risk of proctectomy [29].

Some patients may not have a discrete collec-
tion of pus, but rather inflammatory induration. 
These patients are challenging to treat and may 
require long-term antibiotic therapy. Our 
 preference is to not use antibiotics in the majority 
of patients with simple abscesses and to reserve 
use of antibiotics to patients with multiple 
abscesses, cellulitis, and other manifestations of 
anal Crohn’s.

 Fistula-in-Ano

The majority of patients with an anorectal abscess 
and Crohn’s will develop an anal fistula and 
approximately 25 % of patients with Crohn’s dis-
ease will develop a perianal fistula during the 
course of their disease [30]. Patients with Crohn’s 
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disease develop anal fistulas for two reasons: one 
mechanism (which can also occur in patients 
who do not have Crohn’s) is a consequence of 
anorectal abscess where the origin of the abscess 
is the anal glands at the base of the crypts. The 
other cause of fistula is ulceration or anal fistulas 
which burrow and result in the formation of 
fistulas.

The Parks classification system is the most 
commonly used system to describe anal fistulas 
[31]. Based on the relationship to the anal sphinc-
ter, fistulas are classified as superficial, inter-
sphincteric, transphincteric, extrasphincteric, and 
suprasphincteric. The system applies to fistulas 
around the anal canal but does not include fistulas 
to other organs such as rectovaginal and rectoure-
thral fistulas. The American Gastroenterological 
Association technical review panel has suggested 
that fistulas should be classified as simple or com-
plex [6]. Simple fistulas traverse only a small por-
tion of the anal sphincter and do not involve other 
organs. Complex fistulas involve a substantial part 
of the anal sphincter and may involve other organs. 
This system may be more useful in approaching 
Crohn’s fistulas. Some investigators have consid-
ered all Crohn’s fistulas to be complex.

The approach to perianal fistulas depends on 
the degree of complexity of the fistula, the pres-
ence or absence of involvement of the rectum and 
colon with active Crohn’s disease and inflamma-
tion, the presence of other anal manifestations of 
Crohn’s disease, and whether the patient has had 
additional surgery/bowel resection. Flexible sig-
moidoscopy or colonoscopy is helpful to assess 
the extent of disease and in particular note the 
degree of rectal inflammation. Healing rates are 
substantially lower for anorectal procedures in 
patients with active proctitis [30]. Evaluation of 
the fistulas involves EUA with inspection and 
palpation of the tracts and gentle probing. This 
may be combined with injection of dilute hydro-
gen peroxide to delineate the internal opening 
and identify any other unsuspected tracts. For 
patients with multiple fistula tracts, complex high 
fistulas, and multiple previous procedures with 
significant scarring, other imaging may be help-
ful prior to exam under anesthesia. CT, fistulog-
raphy, MRI, and endorectal ultrasound have all 
been used.

 Treatment

In approaching the surgical management of anal 
fistulas in association with Crohn’s disease the 
main options include no surgical intervention, 
placement of draining setons, and all other 
options including fistulotomy, endorectal sliding 
flap, fibrin glue, collagen fistula plug, and LIFT 
procedure. In determining the best treatment 
option, one needs to consider the extent of ano-
rectal disease and complexity of the fistula, the 
status of the anal sphincter and continence, the 
associated intestinal Crohn’s disease, especially 
proctitis, bowel function, and prior anorectal and 
abdominal operations.

The treatment of anal fistulas in patients with 
Crohn’s disease is aimed at reducing symptoms 
and in selected cases, healing or curing the fis-
tula. A small number of patients with anal fistulas 
and associated Crohn’s disease have asymptom-
atic fistulas. These fistulas require no surgical 
intervention and may remain asymptomatic for 
long periods of time. Surgical intervention for 
such patients is not indicated as it subjects the 
patient to the potential morbidity of surgery with-
out a clear benefit [32–34].

 Fistulotomy
A number of publications and the Practice 
Parameters of the American Society of Colon and 
Rectal Surgeons for perianal abscess and fistula-
in- ano state that fistulotomy is safe and effective 
for superficial fistulas with no associated inconti-
nence [6, 35]. Fistulotomy must be considered 
with caution in patients with Crohn’s disease 
given the relapsing nature of the disease and the 
potential need for multiple bowel resections or 
other anorectal procedures and should only be 
used for the most superficial fistulas (involving 
internal sphincter). Healing rates after simple 
 fistulotomy have been reported in 56–100 % 
of patients with mild incontinence rates of 
6–12 % [35–39].

 Setons
A noncutting seton is one of the most common 
treatments of anal fistula associated with Crohn’s 
disease. A seton helps to prevent abscess forma-
tion, keeps the tract open while facilitating drainage 
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and improving symptoms. Multiple setons can be 
used for patient with multiple tracts (so- called 
watering can perineum). Setons may also be used 
as a bridge to other treatments including 
biologics.

Setons are well tolerated and patients report 
good quality of life with setons in place. They 
may remain in place for many years). Removal of 
setons results in recurrent anorectal abscess/fis-
tula in up to 80 % of patients [12–14, 40, 41]. My 
clinical impression is that with time, setons 
appear to become more superficial suggesting 
that they gradually cut through the tissue and 
result in more superficial fistula.

 Endorectal Sliding Flap
Endorectal sliding flaps have been used in a vari-
ety of clinical settings where simply laying open 
the fistula tract is not an option. Complex fistulas 
including those involving a substantial portion of 
the external sphincter, transphincteric, supra-
sphincteric, extrasphincteric, and rectovaginal 
and rectourethral fistulas in addition to anterior 
fistulas in women are fistulas which may be 
treated with endorectal advancement flap. The 
perianal skin may also be used as an anocutane-
ous advancement flaps. In patients with Crohn’s 
disease relative contraindications include the 
presence of undrained sepsis and the presence of 
active disease, especially Crohn’s proctitis. Flaps 
generally cannot be performed with an underlying 
anorectal stricture which precludes the ability to 
raise the flap and work intrarectally.

Endorectal sliding (advancement flaps) 
involves mobilizing a well-vascularized flap of 
tissue around the internal opening which may con-
sist of mucosa, submucosa, or circular muscle and 
then advancing the flap to cover over the site of the 
sutured internal opening. Mucosal flaps may not 
have adequate vascularity and thicker flaps which 
include the wall of the rectum (and the internal 
sphincter) may have a high rate of associated 
incontinence. The use of fibrin glue as an adjunct 
has not improved the success rate of flaps.

There are small series of endorectal advance-
ment flaps in patients with Crohn’s disease. 
Soltani and Kaiser [42] performed a systematic 

review of endorectal advancement flaps for 
cryptoglandular and Crohn’s fistula-in-ano. Over 
a 30-year period there were 35 studies of 2,065 
patients and 1,654 patients underwent advance-
ment flaps for cryptoglandular or Crohn’s dis-
ease. The quality of the studies was limited with 
a number of methodological and design flaws. 
The weighted success for fistula healing was 
64 % for patients with Crohn’s disease (com-
pared to 80.8 % in patients with cryptoglandular 
fistulas and the associated incontinence was 
13.2 % in cryptoglandular patients versus 9.4 % 
in patients with Crohn’s disease [42].

In patients with Crohn’s disease, ongoing 
proctitis is a relative contradiction to endorectal 
advancement flap. It is also important to note that 
if a flap fails, generally the patient is initially 
more symptomatic—presumably because the 
internal opening from the failed flap is larger than 
the initial internal opening associated with the 
fistula [43].

 Fibrin Glue
Fibrin glue may be used as autologous fibrin glue 
or commercially available fibrin glue. The latter 
is generally used and entails two syringes of 
fibrinogen and thrombin injected together into 
the tract to essentially “caulk” the fistula. The 
thrombin is activated to form a clot which seals 
the fistula tract. While the early reports from one 
group showed healing of 68–85 % of patients 
with anal fistulas in 1 year, these results have 
been difficult to replicate particularly in patients 
with Crohn’s disease [44, 45]. An open label ran-
domized controlled trial looked at 77 patients 
with Crohn’s disease and anal fistulas. Half of the 
patients had complex fistulas [46]. Patients were 
randomized to either fibrin glue or to removal of 
the seton with observation. The end point of the 
trial was clinical remission which was defined as 
the absence of drainage, perianal pain, or abscess. 
Remission was observed in 38 % of patients in 
the fibrin glue arm and only 16 % of patients in 
the removal of the seton and observation arm 
showing a clear advantage for fibrin glue. A ret-
rospective review of the use of fibrin glue for 
complex fistulas had similar results with healing 
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in 31 % of patients with Crohn’s disease [47]. 
Most fistulas were noted to have initial healing 
but “recrudescence” occurred within 3 months.

Despite these results, fibrin glue has had some 
appeal as it is simple to perform with minimal 
morbidity. If the procedure fails, patients have a 
persistent symptomatic fistula and may require a 
return trip to the operating room for replacement 
of the seton.

Fistula Plug
The bioprosthetic fistula plug has been used 
both to close the primary internal opening of a 
fistula and to serve as a matrix for obliteration of 
the fistula tract. The plug essentially acts as a 
collagen scaffold upon which the patient’s cells 
grow, incorporate, and heal the tract over a 
3-month time period. Initial results were prom-
ising with fistula closure rates of 83 % for all 
types of complex fistulas at a median of 12 
months and a closure rate of 80 % in patients 
with Crohn’s disease [48, 49].

Subsequent studies have failed to replicate these 
results. Two systematic reviews have examined the 
results of anal fistula plug in an extremely hetero-
geneous group of patients [50, 51]. Garg et al. 
reviewed 317 patients in 12 studies who underwent 
placement of an anal fistula plug. Patients with rec-
tovaginal fistulas were excluded. The follow-up 
ranged from 3.5 to 12 months. The success rate in 
patients with Crohn’s disease ranged from 29 to 
86 %. For all patients, the rate of abscess formation 
or local sepsis was 4–19 % and the plug extrusion 
rate was 4–41 %. An additional review looked at 
530 patients in 20 studies [51]. Rectovaginal, 
anovaginal, rectourethral, and ileoanal pouch fistu-
las were excluded in addition to studies with a 
mean or median follow- up of 3 months or less. 
There were 488 non- Crohn’s patients and 42 
Crohn’s patients. The pooled proportion of patients 
achieving fistula closure was similar in the non-
Crohn’s patients (0.54, 95 % CI 0.50–0.59) to the 
proportion in the Crohn’s patients (0.55, 95 % CI 
0.39–0.70). The overall plug extrusion rate was 
8.7 %. The authors concluded that the anal fistula 
plug has not been adequately evaluated in patients 
with Crohn’s disease.

Although anal fistula plug is associated with 
low morbidity and warrants consideration in 
selected patient with anal fistulas and Crohn’s 
disease, the cost of the plug combined with the 
additional treatments needed if plug failure, 
extrusion or local abscess or sepsis ensue should 
be considered when considering this treatment.

LIFT Procedure
The ligation of the intersphincteric fistula tract 
(LIFT) procedure was first introduced by 
Rojanasakul et al. [52]. The procedure involves 
ligation of the fistula tract in the groove between 
the internal and external sphincter, does not 
involve cutting of the sphincter and thus, conti-
nence should be preserved. Some surgeons feel 
that placement of a seton 8–12 weeks prior to 
performing the LIFT procedure is helpful to 
eliminate sepsis in the area and allow for the tract 
to mature [53]. Active sepsis and active inflam-
matory bowel disease (especially proctitis) are 
relative contraindications to the procedure. The 
procedure involves a curvilinear skin incision 
over the intersphincteric groove, dissection of the 
fistula tract, ligation and division of the fistula 
tract, and closure of the wound.

One prospective series has evaluated the 2 and 
12-month outcomes of 15 patients with Crohn’s 
disease who underwent the LIFT procedure for 
transphincteric fistulas [54]. Fistula healing and 
two validated quality of life indices were 
assessed. Ultimately, nine patients healed after 
the LIFT procedure and six failed. If the LIFT 
procedure failed, the ensuing intersphincteric fis-
tula was easier to treat. Of interest, 20 % of 
patients developed additional new fistulas which 
were most likely a manifestation on ongoing 
perianal Crohn’s disease and not complications 
of the LIFT procedure.

Failures of the LIFT procedure in combined 
series generally result in persistence of the 
internal opening with drainage and failure of 
wound healing of the intersphincteric incision 
[55]. One would anticipate that poor wound 
healing (at the LIFT site) and persistence of the 
internal opening might be higher in patients 
with Crohn’s disease.
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Fecal Diversion
For patients with unrelenting symptoms from 
perianal disease, fecal diversion may be per-
formed. Diversion generally is performed with a 
laparoscopic loop ileostomy and may be done as 
a temporary measure. Risk factors for the need 
for diversion include Crohn’s colitis, anal stric-
ture, and multiple complex fistulas (“watering 
can perineum”). Diversion results in improve-
ment of symptoms in over 80 % of patients, and 
while it is theoretically temporary, less than 50 % 
of patients ultimately have the stoma reversed. 
Nevertheless, it results in improvement in quality 
of life for the majority of patients and may help 
patients adapt to a stoma. Active rectal disease is 
a predictor of failure.

Proctectomy
Ultimately, proctectomy is required in 5–31 % of 
patients. The risk of requiring proctectomy is 
higher in patients with complex fistulas, associ-
ated rectovaginal fistulas, deep ulceration, and 
supralevator abscesses. Although proctectomy 
may be done by an intersphincteric approach, 
minimizing the size of the perineal excision, 
wound healing is slow and may be associated 
with perineal sinus formation and a non-healing 
wound in 25–50 % of patients.

 Rectovaginal Fistula

Rectovaginal fistulas occur in up to 10 % of 
women with Crohn’s disease and have varying 
symptoms [56]. The majority of the fistulas are 
low fistulas; symptoms are worse the higher the 
fistula. The treatment is aimed at decreasing fis-
tula drainage to a minimal level that is acceptable 
or if possible, to cure the fistula [6]. The ultimate 
cure rate of patients with rectovaginal fistula and 
Crohn’s remains lower than those patients with 
fistulas of obstetric origin; a number of opera-
tions may be needed to achieve cure of the fistu-
las. Patients with Crohn’s and rectovaginal 
fistulas therefore needed to be informed of the 
challenges of treating such fistulas, the need for 
fecal diversion, and the multitude of operations 
which may be needed. Ultimate healing rates of 
under 50 % are common.

One of the largest series of Crohn’s related 
rectovaginal fistulas reviewed 65 women with a 
median follow-up of 44.6 months [57]. 
Ultimately 30 patients (46.2 %) had successful 
healing. Repair methods included advancement 
flap (n = 47), episioproctotomy (n = 8), coloanal 
anastomosis (n = 7), and fibrin glue or plug 
(n = 3). Of the 28 women who were sexually 
active (43.1 %), nine had dyspareunia. The nine 
women with dyspareunia all had unhealed fistu-
las. Immunomodulators were associated with 
successful healing and smoking and steroids 
were associated with failure of the repair.

Treatment options for rectovaginal fistula are 
dependent on the state of the rectum, with active 
proctitis a contraindication to a local repair and 
the presence of an anorectal stricture making cer-
tain repairs such as an endorectal advancement 
flap challenging. Some surgeons have advocated 
vaginal advancement flaps instead of endorectal 
advancement flaps, but a recent systematic review 
of 11 studies of 219 patients revealed no differ-
ence in outcome of rectal or vaginal advancement 
flaps [58]. Most repairs are performed with fecal 
diversion. If a fistula recurs after repair, it is gen-
erally much larger and more symptomatic ini-
tially, an important point to emphasize in the 
preoperative discussion with the patient.

A number of medical therapies have been 
used to treat rectovaginal fistulas often combined 
with surgical intervention. In uncontrolled series, 
6-mercaptopurine, infliximab, cyclosporine, and 
tacrolimus have all been used to treat rectovagi-
nal fistulas. The results of treatment of rectovagi-
nal fistulas are worse than results for perinal 
fistulas. In the Accent 2 trial, a subgroup of 
patients with Crohn’s and rectovaginal fistulas 
was examined [59]. In this study, 25 of 138 
women (18.1 %) had a rectovaginal fistula. 
Infliximab was better than placebo but the results 
were poorer than perianal fistulas.

 Anal Skin Tags

Perianal skin tags are quite common and occur in 
up to 70 % of patients with anal Crohn’s disease. 
They are typically described as waxy tags or so- 
called elephant ears and may have a violaceous hue. 
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Tags are believed to results from recurrent fis-
sures or fistulas associated with lymphatic 
obstruction [60, 61]. They are typically soft and 
nontender. Pain associated with tags suggests an 
underlying abscess or a fissure or anal ulceration 
associated with the tag.

Despite patient’s complaints of the appear-
ance of the tag and difficulty with anal hygiene, 
excision is rarely indicated and can be associated 
with poor healing.

 Hemorrhoids

Hemorrhoids have an estimated incidence of 
24 % in the general population and an estimated 
7 % incidence in patients with Crohn’s disease 
[62]. The classical teaching has been to avoid 
hemorrhoid surgery in patients with Crohn’s dis-
ease because of the concern of poor wound heal-
ing noted in prior studies. In 1977, Jeffrey and 
colleagues reported 62 patients with inflamma-
tory bowel disease who underwent hemorrhoid-
ectomy [63]. There were 20 patients with Crohn’s 
disease and ultimately six required proctectomy.

More recent studies of properly selected 
patients have been associated with good out-
comes. Patients with Crohn’s disease and hemor-
rhoids may have exacerbation of hemorrhoidal 
symptoms from active disease particularly ongo-
ing diarrhea. Initial medical treatment is aimed at 
regulating bowel movements; as patients with 
Crohn’s disease rarely have constipation, the initial 
medical treatment is aimed at controlling loose 
bowel in addition to topical ointments and Sitz 
baths. Surgery or hemorrhoid banding may be 
considered selectively. Wolkomir and Luchtefeld 
reported a series of 17 patients with successful 
healing in 88 % of Crohn’s patients who under-
went hemorrhoid surgery [64]. A series of 13 
patients with Crohn’s disease who underwent 
Doppler artery ligation had no complications 
and a success rate of 77 % at 13 months [65]. 
An additional series of patients with anal disease 
and Crohn’s disease was associated with a 41 % 
complication rate in 11 patients who underwent 
an open hemorrhoidectomy, 3 who underwent a 
closed hemorrhoidectomy, 1 patient who underwent 

a PPH, and 2 patients who had rubber band 
ligation [66]. Given the prevalence of hemor-
rhoids in the general population and the paucity 
of data of hemorrhoid surgery in patients with 
Crohn’s disease in addition to concerns of poor 
healing, stricture and potentially even the need 
for proctectomy, hemorrhoidectomy is rarely 
indicated and should be approached with caution 
in patients with Crohn’s disease.

 Fissures

Anal fissures are common in patients with Crohn’s 
disease. The most common location (similar to 
garden variety fissures) is the posterior midline 
followed by the anterior midline [67]. However, 
up to 20 % of patients with Crohn’s disease and an 
anal fissure may have a lateral location and many 
fissures are asymptomatic. A fissure in a lateral 
location may be the first sign of Crohn’s disease. 
The etiology of Crohn’s fissures is probably two-
fold either due to ischemia similar to the etiology 
of idiopathic fissures or secondary to ongoing 
inflammatory disease and associated ulcerations 
in the anorectum. An abscess or fistula may also 
develop in approximately one quarter of patients 
with Crohn’s disease and an anal fissure [68]. 
Fissures may, on occasion, be painless.

Medical management is the first step in treat-
ment including Sitz baths and topical prepara-
tions. Patients with Crohn’s disease rarely have 
constipation and thus the fiber preparations uti-
lized in idiopathic fissures are not necessary. The 
majority of anal fissures in patients with Crohn’s 
disease heal with medical management [69]. 
There is limited data on the use of nitrates and the 
use of botulinum toxin for anal fissure. Older 
studies have suggested a success rate of up to 
88 % of sphincterotomy in selected patients with-
out active disease [68]. With more recent con-
cerns of a higher than previously anticipated risk 
of incontinence after sphincterotomy, this proce-
dure is uncommonly performed now for anal fis-
sures and associated Crohn’s disease. A recent 
review of 14 patients with Crohn’s disease and 
associated anal fissure noted a 57 % complication 
rate in eight patients who underwent injection of 
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botulinum toxin with or without fissurectomy 
and six patients who underwent lateral internal 
sphincterotomy [66].

 Strictures

Anal and low rectal strictures are common and 
have been reported in up to 10 % of patients [70]. 
These strictures are easily diagnosed on digital, 
anoscopic, or proctoscopic examination. If the 
patient is asymptomatic, no treatment is war-
ranted. Some degree of stricture may actually 
improve bowel function in a patient with diarrhea 
and Crohn’s.

These strictures are usually a manifestation of 
ongoing active Crohn’s disease, with either active 
proctitis or ongoing sepsis from anorectal dis-
ease. Symptomatic fibrotic strictures can be 
treated by dilatation which, depending on the 
site, can either be finer dilatation or dilatation 
with a balloon. A small number of patients will 
require diversion and/or proctectomy for symp-
tomatic strictures. Strictures may also be associ-
ated with anal cancer particularly in patients with 
longstanding disease and appropriate biopsies 
and assessment in addition to dilatation should be 
performed in such patients.

A recent series looked at the natural history of 
102 patients with Crohn’s disease and anorectal 
stricture particularly examining the role of bio-
logics [71]. There were 37 men and 65 women 
with a mean duration of Crohn’s disease of 
8.9 years. Female gender and introduction or 
optimization of TNF alpha antagonist treatment 
decreased the risk of an unfavorable outcome. 
Two patients developed anal adenocarcinoma 
and ultimately over a median follow-up of 
2.8 years 52 of the 88 patients (59 %) had healing 
of the stricture.

 Neoplasia and Anal Crohn’s

Patients with Crohn’s disease have not only an 
increased risk for colorectal cancer but also an 
increased risk for the development of squamous 
cell carcinoma and adenocarcinoma of the anus, 

particularly in longstanding fistula tracts. Risk 
factors include longstanding duration of disease 
and active anorectal disease. Detection can be 
difficult; my practice is to biopsy, curette, and 
excise the external opening of fistulas of all 
patients with a long duration of disease. One 
study suggested a distinct MRI appearance of 
perineal carcinoma in Crohn’s disease [72]. The 
MRI of six patients with cancer (four mucinous 
adenocarcinoma and two squamous carcinoma) 
was compared with 18 patients with Crohn’s dis-
ease and perianal fistulas. An irregular internal 
wall and delayed enhancing tissue was seen only 
in the patients with cancer. Patients with muci-
nous adenocarcinoma also had a pattern of lobu-
lated fluid filled cavies with delayed internal 
tissue enhancement.

 Conclusion

Perianal Crohn’s disease is challenging to treat 
for both the patient and the physician. Optimal 
treatment depends on close collaboration of the 
primary care physician, the gastroenterologist, 
and the surgeon.
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            Introduction 

    It is estimated that approximately 14 % of 
patients with Crohn’s disease will ultimately 
require proctectomy for failure of both medical 
and local surgical therapy [ 1 ]. Unfortunately, 
proctectomy for Crohn’s disease is associated 
with a high risk for perineal wound complica-
tions [ 2 ]. The presence of transphincteric and 
supralevator fi stulas can cause a stiff, fi brotic, 
and infl amed fi eld in which tension free, re-
approximation of the native tissues post excision 
is challenging. When present, concomitant peri-
anal sepsis secondary to abscesses, undrained 
fi stulas, or sinus tracts can further increase the 
risk of infection related wound complications. In 
the setting of Crohn’s disease with complex peri-
anal fi stulization, wide excision of perianal skin 
is necessitated [ 3 ] and primary edge-to-edge clo-
sure can be extremely diffi cult, if not impossible. 

Rectal and anal fi stulization can also occur to 
adjacent structures such as vagina, urethra, or 
bladder .  On occasions, Crohn’s disease can be 
complicated by malignancy, further increasing 
the size of the extirpated specimen resulting in 
massive defects. Patient factors such as immuno-
suppression, steroid dependence, and compro-
mised nutritional status further increase the 
risk of wound dehiscence and other wound heal-
ing complications.  

    Patient Selection 

 The goal of perineal reconstruction is reliable 
wound closure with healthy, well-vascularized tis-
sue, sealing of the pelvic fl oor, obliteration of pel-
vic or perineal dead space, and skin closure 
without tension. Whether treating a persistent peri-
neal wound or prophylactically trying to prevent 
one, reliable wound closure can only be accom-
plished after sepsis has been cleared and infected, 
diseased, and scarred tissue is adequately debrided. 
The best method of closure is patient specifi c and 
is a factor of the size and location of the defect, 
planned future treatments, donor site availability, 
and patient/surgeon preference. When it is antici-
pated that pelvic tissues and/or perineal skin will 
not be able to be primary approximated at the time 
of proctocolectomy, pre-operative consultation 
and coordination with a reconstructive plastic sur-
geon should be considered to discuss timing and 
manner of wound closure. If indeed the wound is 
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amenable to acute closure, then considerations of 
reconstruction or sealing of the pelvic fl oor as well 
as options of providing fl ap closure to fi ll perineal 
“dead” space and, if needed, to add skin to facili-
tate perineal skin closure should be discussed. 
This prophylactic reconstructive surgery at the 
time of extirpation will optimize the likelihood of 
successful healing. 

 In cases where the defect is not amenable to 
primary approximation of immediately local tis-
sue, reconstruction generally requires transfer of 
local, regional, or distant tissue in the form of a 
well-vascularized fl ap into the defect. When fl ap 
closure is performed at the time of proctectomy, 
fl ap choice is frequently predicated on and lim-
ited to what fl aps are available depending on 
patient positioning as well as previous scars and 
stoma. Procedures are usually performed under 
general anesthesia (with or without epidural 
supplementation), with sequential compression 
boots, subcutaneous heparin prophylaxis, antibi-
otic prophylaxis, and pressure point padding. 

 Consultation with a reconstructive plastic sur-
geon post procedure should be considered in 
patients with persistent perineal wounds, and in 
patients who did not heal a wound that was inten-
tionally left open or subsequently broke down 
after primary repair. 

    Primary Closure 

 When surgical proctectomy was fi rst introduced, 
primary closure of the perineal wound was advo-
cated. However, because of the high incidence of 
severe wound complications, this practice was 
abandoned and perineal wounds were left open 
for packing with intended healing by secondary 
intention [ 2 ]. Healing by secondary intent has its 
own limitations due to prolonged convalescence, 
and in fact may be painful, and puts patients at 
high risk for the development of chronic, persis-
tent perineal sinus development. Despite this, the 
practice remained popular until the 1960s when 
perineal wound closure with closed suction drain-
age was proposed by Burge and Tompkin [ 4 ]. 
Numerous studies subsequently evaluated the 
outcomes of primary closure of the perineal 
wound versus closure by secondary intent, with 

the conclusion that primary closure is superior 
[ 5 – 9 ]. Thus the current standard for closure when 
attempting to directly reapproximate local tissues 
is to do so primarily with the utilization of closed 
suction drainage. This method has been demon-
strated to facilitate more rapid healing, decreased 
cost, improved quality of life, and less need for 
prolonged nursing/wound care [ 10 ]. Primary 
perineal wound closure is usually performed in 
a layered fashion using absorbable sutures. The 
goal is to reapproximate tissue without undue 
tension and distortion of adjacent anatomical 
structures. Even in the best hands, primary clo-
sure of the perineum following proctectomy has 
a high incidence of complications. Wound infection 
rates are reported at 11–16 % [ 11 ] and delayed 
healing is a frequent issue. In instances where the 
levator muscles are divided laterally along pelvic 
bones and there is a large potential perineal dead 
space, the patient is at risk for a perineal hernia. 
Whenever possible, it is imperative to identify 
patients at risk for tenuous or challenging peri-
neal wound closures pre- operatively and in an 
attempt to mitigate perineal wound complica-
tions, alternative methods other than direct pri-
mary local tissue re-approximation should be 
considered. Delayed wound closure or healing by 
secondary intention should be considered in 
wounds that are severely contaminated from mul-
tiple abscesses, sinuses, and fi stulae where infec-
tion is unable to be cleared by surgical extirpation/
debridement (Fig.  14.1 ).    

    Negative Pressure Wound Therapy 

 The utilization of a negative pressure wound ther-
apy (NPWT) device for large perineal defects sec-
ondary to Necrotizing Fasciitis and Fournier’s 
Gangrene is well described [ 12 ]. Its utilization in 
combination with an omental fl ap in abdominal 
perineal resection has been described in case stud-
ies and small series in the literature [ 13 ]. NPWT 
devices using sponge or gauze are frequently 
more comfortable and better tolerated than tradi-
tional packing and topical dressing changes. In 
the non-infected patient, it is typically changed 
2–3 times per week by a wound care specialist 
rather than multiple times per day for traditional 
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dressings. This device theoretically decreases the 
time of wound healing by assisting collapse of the 
potential space, increasing angiogenesis and 
revascularization and promoting the deposition of 
granulation tissue [ 12 ]. The downside of NPWT 
devices is that it is frequently diffi cult to obtain a 
negative pressure seal in the perineum especially 
in an ambulatory patient and the patients are teth-
ered to the device for many weeks or months.  

    Perineal Reconstruction 

 The leading causes of perineal wound healing 
issues in Crohn’s patients are inadequate debride-
ment of infected tissue, failure to obliterate peri-
neal dead space, and tension on the perineal skin 
closure. In patients where perineal tissue cannot 

be primarily re-approximated then this space 
should be fi lled with well-vascularized tissue. 
Muscle, de-epithelialized myocutaneous, adi-
pose/fascial and omental fl aps have all been used 
successfully to fi ll perineal dead space and seal 
the pelvic fl oor to minimize wound healing issues 
and avoid perineal herniation. When there is a 
cutaneous defi cit, skin should be transferred to 
allow for perineal skin closure without tension. 
The skin may be transferred independently based 
on the plethora of axial or perforating vessels 
from the pudendal vascular system in the region. 
Alternatively skin may be transferred as part of a 
more distant myocutaneous fl ap, or as a chimeric 
fl ap [ 14 ,  15 ]. If the extirpation includes a portion 
of or all of the vagina and or vulva, then skin may 
be required for vaginal/vulva reconstruction as 
well. 

  Fig. 14.1    ( a ) 40-year-old male with severe perineal 
Crohn’s disease. ( b ) Extent of skin excision ( c ) Extirpation 
including resection of coccyx unable to clear infection. 

Wound left open to be treated with topical antimicrobial 
and subsequently an NPWT devise. ( d ) Wound almost 
totally closed at 6 months post-op       
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 The use of myocutaneous fl ap transfer has 
been shown to reduce pelvic wound complications 
after abdominal perineal resections [ 16 ,  17 ]. 
Hurst et al. demonstrated that immediate primary 
closure using fl aps as an adjunct in Crohn’s 
patients can augment perineal wound healing and 
avoid the morbidity associated with an open 
wound [ 2 ]. There are a variety of local, regional, 
and distant fl ap options which can be advanced, 
transposed, or rotated on their vascular pedicle, 
into the defect. The vascular leash of most of the 
major regional muscle, musculocutaneous, fas-
ciocutaneous, and perforator fl aps is along a cir-
cumference of a 20 cm diameter circle over the 
perineum (Fig.  14.2 ). When choosing one fl ap or 
another, consideration is given to the volume of 
tissue needed, the size of the skin paddle required, 
availability of donor site and intraoperative 
positioning, as well as surgeon and patient pref-
erences. Ultimately the reconstructive method of 

choice should be the most reliable technique that 
addresses the patients’ individual needs and opti-
mizes the likelihood of successful perineal wound 
healing with minimal morbidity.  

    Muscle Flaps 

 The four most common regional muscles used 
for fi lling dead space in the perineum are the 
Rectus Abdominis, Gracilis, Vastus Lateralis, 
and Inferior Gluteal muscles.   

    Rectus Abdominis Muscle Flap 

 The rectus abdominis muscle (RAM) is transferred 
to the perineum based on its inferior vascular 
pedicle, the deep inferior epigastric artery, and 
vein. It is easily harvested in the supine position 

  Fig. 14.2    The pivot points of most loco-regional fl aps 
used for perineal reconstruction are located along the cir-
cumference of a 20 cm diameter circle centered over the 
perineum. ( a ) V-Y advancement fl ap, from medial thigh or 
inferior gluteal area. ( b ) Pudendal thigh fl ap. ( c ) Oblique 
rectus abdominis myocutaneous ( ORAM ) or deep inferior 
epigastric artery perforator ( DIEP ) fl ap. ( d ) Superfi cial 
inferior epigastric artery ( SIEA ) fl ap or extended superfi cial 
circumfl ex iliac artery ( SCIA ) fl ap ( e ) Rectus abdominis 

musculoperitoneal ( RAMP ) fl ap ( f ) Gracilis myocutaneous 
fl ap, shown with vertical skin paddle ( g ) Anterolateral 
thigh ( ALT ) fl ap ( h ) Gluteal thigh fl ap ( i ) Gluteal fold fl ap 
 DCIA  deep circumfl ex iliac artery,  OA  anterior branch of 
obturator artery,  DEPA  deep external pudendal artery, 
 LCFA  lateral circumfl ex femoral artery,  MCFA  medial cir-
cumfl ex femoral artery,  PLA  posterior labial artery 
(branch of pudendal artery)       
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and can be taken with or without a skin paddle. 
The RAM or myocutaneous fl ap has become 
the workhorse fl ap for perineal reconstruction. 
As a muscle only fl ap, it is an excellent option to 
interpose healthy tissue between resected and 
repaired rectal-vaginal fi stulae. With the addition 
of a portion of the posterior rectus sheath and 
peritoneum (RAMP), this musculoperitoneal fl ap 
has been used to patch small defects in the vagina 
without the bulk of a myocutaneous fl ap [ 18 ]. 
A single RAM fl ap may not have enough volume 
to fi ll the dead space of large pelvic wounds and 
the addition of another fl ap or including the over-
lying fat is frequently required to completely fi ll 
this space. The vertical orientation of the skin 
paddle of a rectus abdominis myocutaneous fl ap 
(VRAM) is generally used when more volume is 
required and a relatively small amount of skin is 
required to reconstruct the posterior wall of the 
vagina and/or to minimize tension on the perineal 
suture line. If a large amount of skin is required 
for perineal and/or vaginal reconstruction, then an 
oblique orientation of the rectus abdominis mus-
cle (ORAM) is preferred (Fig.  14.3 ). Advantages 

of the ORAM include a longer skin paddle with 
increased reach and arc of rotation. The donor 
site is usually more easily closed with this orien-
tation and only a limited amount of rectus fascia 
needs to be included in the harvest of this fl ap. If 
the clitoris requires resection (usually for cancer), 
a sensory innervated fl ap can be fashioned on the 
8th intercostal nerve, with neurorrhaphy to the 
clitoral nerve [ 19 ] or to the pudendal nerve [ 20 ].  

 The conventional description of the rectus 
abdominis fl ap delivers it into the pelvis via a 
transpelvic route [ 16 ,  21 ]. Ho et al. [ 22 ] described 
a more direct prepelvic version with the VRAM 
fl ap entering through an anterior perforation in 
the perineal membrane and so shortening the 
course and enhancing the reach of the fl ap. The 
fl ap is equally applicable in the case of large pure 
perineal defects without pelvic wounds by tun-
neling via extrapelvic approach through a prepu-
bic subcutaneous route. 

 Previous transverse abdominal incisions that 
transected both recti and the presence of bilateral 
ostomies generally render this work horse fl ap 
unavailable for use. 

  Fig. 14.3    ( a ) Lower midline abdominal incision with 
intraoperative design of a left oblique rectus abdominis 
myocutaneous ( ORAM ) fl ap for a 45-year-old woman 
undergoing pelvic exenteration. The skin island can extend 
from the umbilicus to the mid-axillary line. ( b ) Flap elevated. 

Note rectus muscle attachment to inferior portion of fl ap 
( c ) Skin fl ap being “tubed” to construct a vagina which 
will subsequently passed transpelvically ( d ) 4-month fol-
low-up demonstrating introitus of vagina reconstructed 
with ORAM. ( e ) Abdominal scar at 4 months post-op       
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    Gracilis Flap 

 The gracilis muscle and myocutaneous fl aps 
have been used for vaginal, vulva, and perineal 
reconstruction since their original description 
by McGraw in the mid-1970s [ 23 ]. The gracilis 
muscle is a superfi cial muscle located in the 
medial thigh, and functions as a thigh adductor 
and knee fl exor but whose absence is inconse-
quential to the patient. Its dominant blood sup-
ply, the medial circumfl ex femoral artery, which 
is a branch off the profunda femora, enters the 
muscle approximately 10 cm below the pubic 
symphysis. This fl ap is straightforward to dis-
sect in lithotomy with minimal donor site mor-
bidity. Although the vascularity of the muscle is 
reliable and this fl ap has been used extensively 

to reconstruct perineal wounds [ 23 ,  24 ], the 
volume or bulk of muscle tissue available to fi ll 
large defects is quite limited [ 25 ]. The limita-
tion of the longitudinally oriented Gracilis 
myocutaneous fl ap is that skin paddle overlying 
the distal 1/3 of the muscle is often unreliable. 
Thus in our practice, we have reserved the grac-
ilis muscle fl ap for relatively shallow perineal 
wounds, or to interpose between repaired distal 
fi stulae (Fig.  14.4 ). One study compared the 
outcome of 133 cancer patients who had under-
gone abdomino-perineal resection or pelvic 
exenteration closed with either VRAM or gracilis 
fl aps. This study found that the gracilis fl ap group 
had a signifi cantly greater incidence of major 
complications [ 26 ] (42 % versus 15 %) than the 
VRAM fl ap group. They also had signifi cantly 

  Fig. 14.4    ( a ) Gracilis muscle visible after incision in 
medial thigh skin in patient with a relatively shallow peri-
neal defect. ( b ) Dominant pedicle ( arrow ) of gracilis 
muscle    ( asterisk ) as it course beneath adductor longus 

muscle ( c ) after distal end is divided and then passed 
under subcutaneous tunnel (note relatively small volume 
of muscle available for perineal fi ll) ( d ) After muscle 
placed in perineal wound and incisions closed       

 

E. Kueberuwa and L.J. Gottlieb



203

higher rates of donor-site cellulitis: 26 % (gracilis 
group) versus 6 % (VRAM group) and recipient-
site complications, including recipient site 
cellulitis (21 % versus 4 %), pelvic abscess 
(32 % versus 6 %), and major wound dehis-
cence (21 % versus 5 %). The group concluded 
that in their patient population, the VRAM was 
superior to gracilis fl aps in perineal cancer 
reconstruction.   

    Anterior Lateral Thigh Flap 

 The anterior lateral thigh (ALT) fl ap can be used 
as a regional pedicled fl ap based off the lateral 

circumfl ex femoral artery (LCFA), which is a 
branch of the profunda femoris. It is versatile and 
may be designed as a fasciocutaneous fl ap, a 
muscle (Vastus Lateralis) fl ap, a musculocutane-
ous fl ap, or a chimeric fl ap. In order to comfort-
ably transpose this fl ap into the perineum and 
extend its reach without tension, the fl ap is passed 
beneath rectus femoris and sartorius muscles thus 
transposing the pivot point of the vascular pedicle 
medial to the sartorius muscle (Fig.  14.5 ). The 
advantage of this fl ap is the potential for bulk and 
volume and a reliable skin paddle, however the 
donor site is quite visible on the anterior thigh. If 
a skin graft is required for closure, it can lead to 
an unsightly scar.   

  Fig. 14.5    ( a ) Thigh incision demonstrating the underly-
ing musculature ( b ) Vastus lateralis muscle being elevated 
( c ) After the fl ap is passed medially under rectus femoris 

and sartorius muscles (it will subsequently be passed into 
the perineal space) ( d ). Resulting scar on thigh       
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    Inferior Gluteal Muscle Flap 

 The inferior gluteal muscle is a large muscle that 
acts as an adductor and external rotator of the 
limb. It attaches to the lateral border of the sacrum 
and inserts into the iliotibial band of the fascia 
lata, the deeper fi bers of the lower portion of the 
muscle insert into the gluteal tuberosity between 
the vastus lateralis and adductor magnus. It is 
supplied by the inferior gluteal artery which exits 
the greater sciatic foramen emerging between the 
piriformis and coccygeus approximately 5 cm 
above the ischial tuberosity. It may be transferred 
as a muscle fl ap, a myocutaneous compound fl ap 
or as a myocutaneous chimeric fl ap. When the 
perineal defect is relatively shallow, the medial 
aspect of the muscle is elevated through the peri-
neal wound and the overlying skin island is usu-
ally designed as a V-Y and advanced medially 
with the muscle [ 27 ]. If the perineal defect is 
more extensive, it is usually best to elevate the 
muscle without overlying skin and transposing it 
to fi ll perineal dead space (Fig.  14.6 ). This fl ap 
can be elevated with the patient either in a jack- 

knife or lithotomy position. The medial aspect is 
approached through the perineal wound and lat-
eral extent of the muscle may be accessed through 
a counter-incision in the lateral portion of the 
inferior gluteal crease. If additional skin is 
required to accomplish perineal wound closure 
without tension, the overlying skin can be rotated 
or advanced medially. Alternatively, a gluteal 
thigh fl ap may be elevated in combination with 
the inferior gluteal muscle fl ap based on the 
descending branch of the inferior gluteal artery 
which allows independent placement of the skin 
[ 15 ]. Harvest of the inferior gluteal muscle may 
cause a contour deformity of the inferior lateral 
buttock but is well tolerated even in ambulatory 
patients.   

    Cutaneous/Fasciocutaneous Flaps 

 Skin can be included in all the muscle fl aps 
described above. In addition, skin fl aps may be 
used independently of the muscles as perforator 
fl aps, as V-Y advancement, transposition, rotation, 

  Fig. 14.6    ( a ) 62-year-old male with severe chronic 
Crohn’s proctitis with a diffusely infi ltrating rectal cancer. 
( b ) Extirpative defect with large perineal dead space ( c ) 
Inferior gluteal muscle harvested through a counter-inci-
sion in lateral gluteal crease (laid on the skin to demon-

strate amount of muscle harvested.) ( d ) Inferior gluteal 
muscle passed through subcutaneous tunnel pivoting on 
the inferior gluteal neurovascular bundle. ( e ) Muscle inset 
to fi ll perineal space. ( f ) Skin closed primarily shown here 
at 5 weeks post-op       
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and propeller fl aps. These terms describe methods 
of elevating local skin and subcutaneous tissue 
directly adjacent to the perineal defect, and moving 
them short distances, whilst attached to their origi-
nal blood supply. Local cutaneous/fasciocutaneous 
fl aps are muscle sparing and generally less morbid 
than the muscle fl aps previously described.  

    V-Y Advancement Flaps 

 Transferring skin in a V-Y fashion allows skin 
closure without tension. Skin, fascia, and subcu-
taneous tissue can be recruited from the medial 
thigh and inferior gluteal area, and advanced 
toward the midline in a V-Y fashion. When these 
fl aps are designed on the medial aspect of the 
thigh, the blood supply is from perforator vessels 
from the pudendal, medial circumfl ex femoral, or 
obturator vessels. The skin overlying the gluteal 
muscles may be advanced in a V-Y fashion based 
on perforating vessels from the superior and/or 
inferior gluteal arteries and veins (Fig.  14.7 ). 
These fl aps have the potential to provide high 

volume, well-vascularized and sensate skin, with 
acceptable scars, minimal morbidity, and high 
reliability.   

    Gluteal Thigh Flap 

 The skin island of the gluteal thigh fl ap is cen-
tered over a point midway between greater tro-
chanter and ischial tuberosity, perpendicular to 
gluteal crease. The fl ap can be designed to extend 
down to within 8 cm of the popliteal fossa. The 
pedicle of the gluteal thigh fl ap, the descending 
branch of the inferior gluteal artery can be sepa-
rated from beneath the gluteal muscle and dis-
sected to its take-off from the inferior gluteal 
artery as it emerges from underneath the pirifor-
mis muscle, allowing independent placement of 
the muscle in the cavity and the thigh skin paddle 
on the surface. This technique allows for inde-
pendent movement of the inferior gluteal muscle 
or independent movement of the posterior thigh 
skin or two separate tissue transfers as a chimeric 
fl ap based on a single pedicle (Fig.  14.8 ).   

  Fig. 14.7    ( a ) 61-year-old female with a 30-year history 
of Crohn’s disease complicated by adenocarcinoma of 
rectum. ( b ) Extirpative defect ( c ) The levator aponeurosis 
and pelvic musculature was able to be closed to seal the 
pelvic fl oor. ( d ) The potential perineal space was obliter-
ated by securing the medial edge of each gluteal muscle 

together as well as Scarpa’s fascia. Although the debrided 
skin edges could be brought together, it was felt that there 
would be too much tension with sitting and normal activ-
ity. Therefore, a large crescent V-Y advancement fl ap was 
designed. ( e ) Note the buttock symmetry at 4 months fol-
low-up ( d ) with cheeks spread       
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    Gluteal Fold Flap 

 A fasciocutaneous fl ap can be designed from skin 
overlying the infragluteal fold. This fl ap is based 
off perforators from the internal pudendal artery. 
Shahzad et al. [ 28 ] report the use of a gluteal fold 
fl ap in perineal reconstruction for Crohn’s dis-
ease. It can be harvested with the patient in lithot-
omy or jack-knife positions. The donor site is 
generally well concealed causing minimal but-
tock asymmetry, especially when bilateral fl aps 
are harvested. The fl ap width is limited to about 
8 cm, and length limited to 15 cm. This fasciocu-
taneous fl ap can be de-epithelialized to fi ll peri-
neal dead space or used to resurface perianal skin 
loss (Fig.  14.9 ). Patients are allowed to ambulate 
early postoperatively but advised to not sit on the 
donor site for a number of weeks postoperatively.   

    Pudendal Artery Flaps 

 The pudendal artery (PA) originates from the 
internal iliac artery in the pelvis, emerging deep to 

ischial tuberosity in the trajectory of the ischio-
rectal fossa. A number of perforators (3–5) branch 
off the PA and nourish perineal skin directly. This 
rich and interconnecting blood supply allows for 
the design of freestyle pedicled perforator fl aps, 
random or axial pattern fl aps which are thin and 
pliable with inconspicuous donor scars.  

    Martius Flap 

 The Martius fl ap, originally described by 
Henrique Martius for repair of urethrovaginal fi s-
tula in 1928, is a pedicled fl ap containing the 
labia majora fat pad with or without the overlying 
skin and underlying bulbocavernosus muscle in 
females. It may be harvested from either labia 
majora and is based on the perineal branch of the 
pudendal artery. It is a small fl ap usually utilized 
to augment the repair of rectal-vaginal fi stulae. It 
is transposed through a subcutaneous tunnel to 
overlie the rectal closure and separate the rectal 
and vaginal walls with healthy, well-vascularized 
tissue (Fig.  14.10 ).   

  Fig. 14.8    ( a ) Severe perianal and perineal Crohn’s dis-
ease in a 26-year-old woman with multiple fi stulae, 
sinuses, and abscesses. After proctectomy and excision of 
all involved soft tissue ( b ), an inferior gluteal artery chi-
mera fl ap was designed ( c ) with inferior gluteal muscle 
and a posterior thigh fl ap both based on separate branches 

of the left inferior gluteal artery ( d ). Muscle fl ap trans-
posed into pelvic defect ( e ). Posterior thigh skin paddle 
passed under skin bridge and de-epithelialized distally to 
provide more bulk for obliterating defect ( f ). Final inset of 
posterior thigh fl ap with closure of groin wounds       
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    Omentum 

 A pedicled greater omentum fl ap, when avail-
able, can be used to help obliterate dead space in 
the pelvis and/or help seal the pelvic fl oor. It has 
the advantage of being harvested through a lapa-
rotomy incision without creating additional sur-
gical scars. The fl ap can be based off either the 
right or left gastroepiploic vessels, with the right 
side usually providing the dominant blood sup-
ply. The fl ap is elevated by dissecting the omen-
tum off the transverse mesocolon and dividing 
the branches of the gastroepiploic vessels going 
to the greater curve of the stomach. It can be 
elongated by dividing some of the vascular 
arcades to comfortably reach the perineum 
(Fig.  14.11 ). This fl ap is often unavailable in 

many Crohn’s patients due to multiple abdominal 
surgeries, and extensive intraabdominal scarring 
and adhesions. It also cannot provide any skin for 
a perineal defect, and may lack suffi cient volume 
to truly fi ll all pelvic and perineal dead space fol-
lowing an extensive proctocolectomy. It is best 
used in conjunction with muscle and cutaneous 
fl aps for perineal reconstructions with large soft 
tissue and skin defects.   

    Acellular Dermal Matrix 

 Acellular dermal matrix is a biological prosthetic 
implant, which is used to augment structural sup-
port during reconstructive procedures. Its uses 
are well documented in breast and abdominal 

  Fig. 14.9    ( a ) Circumferential perianal skin excision. ( b ) Right gluteal fold fl ap elevated ( c ) Right gluteal fold fl ap 
transposed to close right side of wound. ( d ) Bilateral gluteal fold fl aps inset       
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wall reconstruction, and there are a number of 
studies describing its use in pelvic reconstruction 
to restore support for intraabdominal organs fol-
lowing larger exenterative procedures [ 29 ]. The 
purpose of prosthetic placement is to reinforce 
pelvic fl oor reconstructions and minimize risk 
of perineal hernias. When used in conjunction 
with vascularized soft tissue fl aps, the literature 
to date suggests it may lower perineal hernia 
incidence and increase healing rates without 
increased rates of infection [ 30 ].   

    Summary 

 Perineal reconstruction in Crohn’s disease is best 
addressed with a multidisciplinary approach. The 
individual patient’s specifi c needs must be 
assessed on a case-by-case basis. Attention must 
be given to previous surgeries, scars, donor site 
availabilities, and future therapeutic plans. 
Consideration must also be given to the size and 
location of the defect on the perineum, as well as 

  Fig. 14.10    ( a ) Rectal-vaginal fi stula divided and repaired ( b ) Martius adipose fl ap elevated ( c ) Martius adipose fl ap 
transposed under skin bridge (to be placed between rectal and vaginal repair) ( d ) Incisions healed 3 months post-op       
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patient characteristics which directly affect the 
likelihood of healing, such as nutritional status, 
the presence of perineal sepsis, immunosuppres-
sion, and steroid dependence. The reconstructive 
option of choice should afford the patient the best 
likelihood of successful healing, using safest and 
least morbid technique. If perineal closure cannot 
be achieved with edge-to-edge opposition of via-
ble wound edges in a tension free manner, transfer 
of local and regional fl aps should be considered. 
Pure perineal skin defects are best addressed with 
local fasciocutaneous tissue fl aps based off the 
internal pudendal, inferior gluteal, and medial 
thigh systems. In larger defects such as proctec-
tomy with or without visceral fi stula resection, 
Crohn’s disease complicated by cancer or massive 
perianal skin excisions, goals include sealing the 
pelvic fl oor thereby preventing the prolapse of 
intraabdominal contents into the perineal space, 
fi lling perineal dead space by the transposition of 
bulky vascularized tissue to potentiate wound 
healing and tension free closure of perineal skin.     
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            Preoperative Optimization 

 Nearly half of the patients diagnosed with Crohn’s 
disease will eventually require surgery. Efforts to 
optimize outcomes of surgery for Crohn’s disease 
patients should start in the preoperative period. 
The goal of medical therapy is to optimize the 
quality of life for individuals with Crohn’s dis-
ease. A shared understanding between the gastro-
enterologist, surgeon, and patient regarding the 
limitations of medical therapy and criteria for 
transitioning to surgical therapy will help to facili-
tate optimal patient care. The ideal timing of sur-
gery involves consideration of the patient’s quality 
of life, ability to maintain adequate nutrition, and 
response to pharmacologic therapy. Prolonged 
attempts at medical treatment without adequate 
clinical response or aggressive medical therapy in 
the setting of stricturing disease should be recog-
nized and avoided. Perioperative management 
should include coordination of care between sur-
geon, gastroenterologist as well as radiologists, 
primary care physicians, psychologists, and enter-
ostomal therapists [ 1 ]. 

 In preparing patients for surgery, one should 
recognize factors that may contribute to postopera-
tive morbidity. These may include malnutrition, 
preoperative steroid use, older age, smoking, and 
other medical comorbidities. Poor nutrition in 
individuals with Crohn’s disease may result from 
decreased nutrient absorption, systemic infl amma-
tion, and anorexia. Indicators of poor nutrition 
include weight loss >10 % within the past 3–6 
months, basic metabolic index < 18.5 kg/m 2 , and 
serum albumin < 3.0 g/dL [ 2 ]. Several studies have 
reported increased rates of anastomotic leaks with 
an albumin below 3.5 g/dL.    Makela and colleagues 
compared 44 patients with anastomotic leaks to 
matched controls and found that hypoalbumin-
emia and weight loss greater than 5 kg were sig-
nifi cantly associated with leaks [ 3 ,  4 ]. Options to 
reduce the effect of under-nutrition on outcome 
may include utilizing a temporary stoma or pro-
viding parenteral nutrition prior to surgery. Several 
groups that advocate for preoperative nutritional 
supplementation have reported relatively low 
complication rates in patients who received preop-
erative parenteral nutrition [ 5 – 8 ]. 

 Given that many patients are on immunosup-
pressive therapy prior to surgery, numerous studies 
evaluating the effect of preoperative glucocorti-
coids and more recently anti-tumor necrosis factor 
on postoperative morbidity have confl icting 
reports. Some studies have shown an association 
between postoperative complications and preop-
erative steroid use [ 7 – 13 ] while others have not 
[ 14 ,  15 ]. Similarly, several studies have reported 
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increased postoperative morbidity in patients 
treated with anti-tumor necrosis factor therapy at 
the time of surgery [ 16 ] and others have not 
observed such a relationship [ 15 ,  17 – 19 ]. 

 Often patients with Crohn’s disease may pres-
ent with multiple risk factors, which have an addi-
tive effect on postoperative morbidity. Yamamoto 
and colleagues reviewed 566 bowel resections for 
Crohn’s disease. They identifi ed preoperative 
albumin less than 3.0 g/dL, preoperative steroid 
use, the presence of an abscess and the presence 
of a fi stula at the time of surgery to be associated 
with postoperative complications [ 9 ]. Patients 
with zero, one, or two risk factors had a postop-
erative septic complication rate of 5 %, 16 %, and 
14 %, respectively. Patients with three risk factors 
had a complication rate of 29 % and with all four 
risk factors the complication rate was 50 %. Alves 
and colleagues studied 161 patients undergoing 
ileocolic resection for Crohn’s disease [ 8 ]. 
Identifi ed risk factors for postoperative infectious 
complications included hypoproteinemia (protein 
serum level less than 60 g/L), intra-abdominal 
abscess identifi ed at the time of surgery, preopera-
tive steroid use more than 3 months, and multiple 
acute episodes of Crohn’s disease prior to surgery. 
Patients with zero or one risk factor did not expe-
rience a postoperative infections complication. 
The infection rates in patients with two and three 
risk factors were 16 and 26 %. Two patients with 
all four risk factors developed infections 
complications. 

 The preoperative discussion with the patient is 
important for shared decision making and patient 
satisfaction. Having patients with increased 
knowledge and confi dence who are more actively 
involved in the care process may lead to improved 
outcomes and decreased costs [ 20 ]. A preoperative 
discussion should cover the potential risks, bene-
fi ts, and alternatives to surgery. It may address 
modifi able and nonmodifi able operative risk fac-
tors. Decision support tools such as the NSQIP 
universal surgical risk calculator may facilitate the 
discussion. The surgical risk calculator utilizes 21 
preoperative factors (demographics, comorbidi-
ties, procedure) to estimate the risk of periopera-
tive morbidity. Risk factors that may be especially 
applicable to individuals with Crohn’s disease 

include chronic steroid use, whether the patient is 
a current smoker and whether the procedure is an 
emergency case [ 21 ]. 

 Smoking is a modifi able risk factor that should 
be included in the preoperative discussion with 
patients who smoke. Smoking within 1 year of 
surgery increases postoperative complications 
[ 22 ]. Smoking cessation prior to surgery results in 
reduced vasoconstriction, reduced risk of venous 
thromboembolism, and improved wound healing 
[ 23 – 25 ]. While quitting smoking is a challenge for 
most patients, there are interventions that can help 
patients quit. Evidence shows that patients are 
more likely to quit smoking when advised by a 
health care professional and brief interventions of 
just a few minutes may increase rates of cessation 
[ 26 ]. The American College of Surgeons has pro-
duced a patient education resource that may be 
accessed at   https://www.facs.org/~/media/fi les/
education/patient%20ed/quitsmoking.ashx    .  

    Perioperative Processes to Minimize 
Postoperative Morbidity 

 Risk assessment and adherence to evidence- based 
practices may reduce common postoperative 
complications. As surgical site infection (SSI) is 
one of the most common complications following 
bowel surgery, investigators have placed much 
effort in identifying methods to reduce surgical 
site infection. Common practices to reduce the 
rate of SSI that are well supported in the literature 
and in professional society include the appropri-
ate timing and dosing of preoperative antibiotics 
and the use of antiseptic skin preparation. Other 
practices that are supported by weaker evidence 
or are inconsistently supported but that appeal to 
conventional wisdom include maintaining intra-
operative normothermia, appropriate glycemic 
control, the use of uncontaminated instruments 
for abdominal wound closure, and selective 
wound closure in the setting of intraoperative con-
tamination. The effectiveness of preoperative 
administration of intravenous antibiotics is sup-
ported by high quality evidence. A recent 
Cochrane review reported a risk reduction in post-
operative wound infection when prophylactic 
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antibiotics were used compared to placebo/no 
treatment 39–13 %, risk ratio 0.34, 95 % confi -
dence interval 0.28–0.41) [ 27 ]. The antibiotics 
should be administered prior to skin incision and 
discontinued 24 h after surgery in clean-contami-
nated cases [ 28 ]. Antibiotics should cover bowel 
fl ora. Commonly used regimens include cefazolin 
and metronidazole or a second generation cepha-
losporin. Despite the broad acceptance of preop-
erative intravenous antibiotics the effectiveness of 
this practice may be lessened by variable adher-
ence to recommended guidelines. A preoperative 
checklist may improve compliance with preoper-
ative antibiotic administration. Awad and col-
leagues reported an increase in the number of 
patients who received prophylactic antibiotics 
within 60 min of incision from 84 to 96 % after 
implementation of a medical team training pro-
gram. Similarly, Paull and colleagues reported a 
signifi cant increase in on- time antibiotics from 92 
to 97 %, ( p  = 0.01) after implementation of preop-
erative briefi ngs [ 29 ]. 

 The role of oral preoperative antibiotics prepa-
ration has been controversial. More recently, sev-
eral studies support the use of oral antibiotics. In a 
retrospective study using Veterans Affairs Surgical 
Quality Improvement Program, Cannon and col-
leagues found that among 9,940 patients who 
underwent colorectal resections, those who had 
no bowel preparation or mechanical preparation 
only had a SSI rate of 18.1 and 20 %, whereas 
those who received oral antibiotics or oral antibi-
otics with mechanical bowel preparation had SSI 
rates of 8.3 and 9.2 %. The use of oral antibiotics 
alone was associated with a 67 % decrease in SSI 
(OR = 0.33, 95 % CI 0.21–0.50) [ 30 ]. Additionally, 
a study from the Michigan State Surgical Quality 
Collaborative compared 370 matched pairs of 
patients undergoing bowel surgery. The authors 
reported an SSI rate of 4.5 % among patients 
receiving mechanical bowel preparation and oral 
nonabsorbable antibiotics compared to an SSI 
rate of 9.6 % in those receiving mechanical bowel 
preparation without oral antibiotics ( p  = 0.001) 
[ 31 ]. In a systematic review and meta-analysis 
Bellows and colleagues reinforced the benefi ts of 
oral preoperative antibiotics. Among 2,669 
patients in 16 randomized controlled trials, 

patients randomized to oral antibiotics had a 
lower infectious complication rate compared to 
those without oral antibiotics, relative risk 0.57 
(95 % CI, 0.43–0.76) [ 32 ]. 

 Controversy also exists as to the optimal for-
mulation for antiseptic skin preparation. Lee and 
colleagues performed a systematic review that 
included nine randomized controlled trials with a 
total of 3,614 patients. The authors found a sig-
nifi cantly lower rate of SSI with chlorhexidine 
antisepsis compared to iodine based skin prepara-
tions, adjusted risk ratio 0.64 [95 % confi dence 
interval, 0.51–0.08] [ 33 ]. In a prospective ran-
domized trial in patients undergoing bowel resec-
tion, Dovovich and colleagues also reported 
signifi cantly decreased rates of SSI with chlorhex-
idine compared to iodine based skin preparation 
formulations (9.5 vs. 16.1 %, relative risk 0.59; 
95 % confi dence interval, 0.41–0.85) [ 34 ]. In con-
trast, a study from the Washington State Surgical 
Care and Outcomes Program compared SSI in a 
cohort of 7,669 clean- contaminated surgical cases 
and found that risk-adjusted rates of SSI were not 
signifi cantly different between the different skin 
preparations [ 35 ]. The overall SSI rate was 4.6 %. 
The risk-adjusted rates were 0.85 ( p  = 0.28 for 
chlorhexidine, 1.10 ( p  = 0.06) for chlorhexidine in 
isopropyl alcohol, 0.98 ( p  = 0.96) for povidone-
iodine and 0.93 ( p  = 0.51) for iodine-povacrylex in 
isopropyl alcohol. 

 Cima and colleagues from the Mayo clinic 
elegantly demonstrated how implementation of a 
bundle of processes can effectively reduce surgi-
cal site infections [ 36 ]. Their multidisciplinary 
team developed a protocol with process steps that 
spanned the preoperative and postoperative care 
periods. The key components of this protocol 
included preoperative showering on the night 
before and the day of surgery and adherence to 
preoperative antibiotic administration guidelines 
and chlorhexidine skin prep. Prior to skin clo-
sure, the operating team changed gloves and 
switched to uncontaminated instruments for the 
fascia closure. Pre and postoperatively patients 
were instructed on hand hygiene and wound care, 
including recognizing and reporting signs and 
symptoms of wound infections. The implementa-
tion of the SSI rate reduction bundle resulted in 
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an overall SSI rate reduction from 9.8 to 4.0 %, 
 p  < 0.05. Superfi cial SSU decreased from 4.9 to 
1.5 %,  p  < 0.05. The authors emphasize the 
importance of standardized processes that mini-
mize variance among providers as well as patient 
and staff education to insure compliance with 
protocols. 

 Patients with Crohn’s disease are at increased 
risk for venous thromboembolic (VTE) events [ 37 , 
 38 ]. Postoperative VTE events occur in approxi-
mately 2.5 % of patients with infl ammatory bowel 
disease undergoing abdominal surgery. This rate is 
more than twice the rate of 1 % seen in non-
infl ammatory bowel disease patients [ 39 ,  40 ]. This 
increased risk is multifactorial and includes dis-
ease-related factors such as anemia, hypoalbumin-
emia, and malnutrition [ 39 ]. Genetic and acquired 
factors such as smoking and steroid and oral con-
traceptive use also play a role. In the disease pro-
cess, infl ammatory mediators activate proteases 
originating from the coagulation and fi brinolysis 
system. The increased thrombosis persists even 
when patients are in remission [ 41 ]. The American 
Gastroenterological Association and the Canadian 
Association for Gastroenterology recommend 
chemoprophylaxis for all inpatients with infl am-
matory bowel disease, even if their reason for 
admission is not related to their infl ammatory 
bowel disease [ 42 ]. 

 The American College of Chest Physicians 
guidelines recommends that individuals undergo-
ing abdominal surgery who are at increased risk 
for VTE events receive mechanical prophylaxis 
and chemoprophylaxis with low molecular weight 
heparin or low-dose unfractionated heparin [ 43 ]. 
These recommendations utilize two different risk 
assessment models. In each model, major abdomi-
nal surgery is considered to be of increased risk. 
The Patient Safety in Surgery Study model assigns 
increased risk for albumin <3.5 g/dL. The Caprini 
model assigns additional risk to individuals with a 
history of infl ammatory bowel disease [ 44 ]. These 
recommendations do not specify the timing of ini-
tiation of prophylaxis. The ASCRS practice 
parameters describe the typical dose of unfraction-
ated heparin as 5,000 units administered within 
2 h prior to surgery [ 45 ]. The colorectal surgeons 
at our institution routinely administer 5,000 units 
of unfractionated heparin just prior to induction of 

anesthesia. The decision between postoperative 
prophylaxis with low-dose unfractionated heparin 
or low molecular weight heparin is based on sev-
eral factors. Advantages of low molecular weight 
heparin include once-daily dosing and a lower risk 
of heparin-induced thrombocytopenia, 2.7 % ver-
sus 0 % in a prospective randomized study by 
Warkentin and colleagues [ 46 ]. Patients with renal 
insuffi ciency should receive low-dose unfraction-
ated heparin. Also, there remains some contro-
versy on the safety of LMWH in patients with an 
epidural catheter. Currently, there are no guide-
lines that recommend prolonged anticoagulation 
in IBD patients. However, Gross and colleagues 
performed a retrospective study of 45,964 patients 
with IBD and colorectal cancer using the American 
College of Surgeons National Surgical Quality 
Improvement Program who underwent abdominal 
surgery [ 47 ]. Patients with infl ammatory bowel 
disease had a higher rate of VTE at 30-day post 
surgery compared to cancer patients (2.7 vs. 2.1 %, 
 p  < 0.001). The authors argue that IBD patients 
should receive VTE prophylaxis for 4 weeks post 
discharge. 

 Until recently, concerns about perioperative 
adrenal insuffi ciency and resulting hemodynamic 
instability in patients taking corticosteroids led 
physicians to routinely administer perioperative 
high-dose corticosteroids to patients receiving 
steroids. This practice is not supported by current 
literature. In 2008 Marik and colleagues per-
formed a meta-analysis that included two ran-
domized controlled studies of stress dose steroids 
versus placebo and several cohort studies of 
patients undergoing surgery without stress dose 
steroids. No clinical difference was observed 
between patients receiving high-dose steroids 
and those receiving the equivalent of their daily 
dose of steroids [ 48 ]. Zaghayan and colleagues 
recently performed a randomized, noninferiority 
trial in 92 steroid treated infl ammatory bowel dis-
ease patients undergoing colorectal surgery. 
Patients were randomly assigned to receive 
hydrocortisone 100 mg three times daily fol-
lowed by taper or hydrocortisone equivalent to 
one third of their usual daily dose three times 
daily followed by taper. The primary endpoint, 
absence of hypotension on postoperative day 1, 
was observed in 95 % of the patients receiving 
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high-dose steroids and 96 % of patients on low- 
dose steroids, 95 % confi dence interval −0.08 to 
0.09,  p  = 0.007 [ 49 ]. 

 Standardized perioperative care protocols have 
resulted in decreased complications, earlier hospi-
tal discharges, and overall improved outcomes. 
Key components common to various enhanced 
recovery include patient education to gain buy-in 
and mange patient’s expectations. After surgery 
there is early initiation of oral intake and minimi-
zation of opiate analgesics, limited intravenous 
fl uids and early removal of urinary catheters and 
early ambulation. Some protocols attempt to min-
imize preoperative physiologic stress by with-
holding bowel preparation, allowing preoperative 
oral fl uids and the use of oral carbohydrate sup-
plements. The concept of enhanced recovery was 
introduced by Kehlet in the late 1990s [ 50 ]. This 
group reported that enhanced recovery could be 
safely applied to patients undergoing open sur-
gery for Crohn’s disease [ 51 ]. In 2007 Maessen 
and colleagues published a multicenter European 
study that included fi ve sites [ 52 ]. The study 
included patients undergoing elective, open 
colorectal resections above the peritoneal resec-
tion. The authors reported a median length of stay 
of 5 days. The readmission rate was 14 percent. 
This report emphasized the need for patient and 
care team education and care coordination. 
Factors highly associated with early discharge 
included the hospital’s experience with the 
enhanced recovery protocol. They found that in 
hospitals with less experience executing the pro-
tocol, only half of the patients who met criteria for 
discharge on postoperative day 2–3 were actually 
discharged. This delay in discharge was attributed 
to patient expectations and care team compliance 
with the protocol. 

 The advantages of enhanced recovery seen fol-
lowing open surgery have persisted in minimally 
invasive surgery. The impact of enhanced recov-
ery in minimally invasive surgery was reported by 
Lovely and colleagues from the Mayo clinic [ 53 ]. 
The authors compared an enhanced recovery 
 program to a preexisting fast- track pathway. The 
main differences between the two protocols were 
elimination of intravenous patient controlled 
 analgesia, avoidance of fl uid overload, and more 
specifi c ambulation goals in the enhanced recovery 

group. The enhanced recovery program further 
reduced length of stay, and decreased overall hos-
pital costs and was associated with similar com-
plication and readmission rates. Another study by 
Spinelli and colleagues reported the results of 
implementation of an enhanced recovery program 
specifi cally in patients undergoing laparoscopic 
ileocolic resection for Crohn’s disease [ 54 ]. It is 
notable that studies of enhanced recovery have 
been limited to patients undergoing elective sur-
gery. Contraindications include emergent proce-
dures, ASA 4 or higher, patients with severe 
malnutrition and limited mobility. 

 Postoperative hospital readmission is currently 
an area of focus in assessing quality of surgical 
care. Intestinal surgery is associated with readmis-
sion rates of 10–15 % for elective surgery and up to 
21 % for urgent or emergent surgery [ 55 ]. 
Readmission rates following surgery for Crohn’s 
disease are similar to those reported for other indi-
cations for surgical resection [ 56 ]. Aside from post-
operative complications, Frolkis and colleagues 
identifi ed emergent admission at the time of sur-
gery and the presence of a stoma to be risk factors 
for 90-day postoperative readmission. Common 
causes for readmission after intestinal surgery 
include ileus, obstruction, dehydration or electro-
lyte disturbances, and surgical site infection. In 
addition to avoiding postoperative complications, 
Halverson and colleagues identifi ed processes 
measures that may potentially reduce postoperative 
readmissions [ 55 ]. These emphasize the impor-
tance of identifying and mitigating risk factors for 
readmission. This includes evaluating the patient 
for comorbidities, patient education regarding the 
anticipated operative and perioperative care plan 
and communication with the patient’s primary care 
physician. Patients who are anticipated to have a 
stoma created at the time of surgery should undergo 
preoperative counseling and stoma site selection. 
This group endorsed the implementation of a stan-
dardized perioperative care protocol. Postoperative 
processes included thorough evaluation of the 
patient’s  discharged needs. The patient should 
receive  discharge instructions detailing how to 
manage medications, wound care instructions, 
stoma care in applicable, and dietary and activity 
restrictions. Patients should also be educated on 
signs and symptoms of common postoperative 
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complications and when to call or go to an emer-
gency department. 

 Patients with new ileostomies are especially at 
risk for readmission for dehydration. Nagle and 
colleagues successfully addressed this problem 
by implementing a care pathway for individuals 
with new ileostomies [ 57 ]. The fundamental 
components of this pathway include preoperative 
education about ileostomy, standardized patient 
education materials, and a strong emphasis on 
patients becoming self-suffi cient with stoma 
care, including strict tracking of stoma output. 
Their program involved engaging and educating 
a multidisciplinary team of nurses, patient care 
technicians, enterostomal therapists, and home 
care providers.  

    Summary 

 Providing quality surgical care requires that sur-
geons incorporate practices that are supported by 
the best available evidence. Processes important to 
the surgical care of patients with Crohn’s disease 
are summarized in Table  15.1 . Our practices need 

to be    continuously re-evaluated as new evidence is 
presented and our understanding of how patient 
characteristics, disease processes, and therapeutic 
interventions affect outcomes evolves. One must 
recognize that optimal care requires communica-
tion and the coordinated efforts of individuals 
from multiple disciplines. Central to providing 
optimal, patient-centered care is consistently 
informing patients of their treatment options and 
providing education that supports patients playing 
an active role in their care.
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      Abbreviations 

   CD    Crohn’s disease   
  FC    Fecal calprotectin   
  IMM    Immunomodulator   

          Introduction 

 Following surgical resection in Crohn’s disease 
(CD), post-operative recurrence remains a sig-
nifi cant problem. Endoscopic recurrence rates at 
or proximal to the surgical anastomosis are 
reported to be between 70 and 90 % within 1 year 
[ 1 ,  2 ]. In addition, up to 50 % of patients will 
require a repeat operation for recurrence within 5 
years and up to 70 % will require repeat surgery 
within 20 years [ 3 – 6 ]. Prevention of this post- 
operative recurrence is essential to prevent both 
disease relapse and a second negative outcome 
such as surgery [ 7 ]. However optimal monitoring 
and medical management of patients with CD 
after surgery is still controversial.  

    Relapse Rates and Predictors 
of Relapse 

 Clinical relapse rates at 1 year are estimated to 
be between 10 and 38 % [ 8 ]. However clinical 
relapse is much less frequent than endoscopic 
recurrence with studies suggesting an endo-
scopic recurrence rate as high as 90 % in those 
not receiving medical prophylaxis 1 year after 
surgery [ 1 ,  2 ]. Endoscopic fi ndings that indicate 
recurrence include small aphthous ulcers, deep 
linear ulcers, mucosal infl ammation, fi stulae, 
and strictures [ 9 ]. These varying degrees of 
endoscopic disease activity may be seen within 
3 months of surgery in more than 70 % of 
patients [ 2 ]. The most common site of recur-
rence is the surgical anastomosis, especially the 
proximal side of the anastomosis [ 1 ]. The cause 
of recurrence at this location is believed to be 
due to luminal contents, specifi cally intestinal 
fl ora [ 10 ]. 

 The most consistently recognized risk factors 
for recurrence include smoking cigarettes, per-
forating type disease, perianal fi stula, prior CD 
surgery, and ileocolonic disease compared with 
colonic and small intestinal disease patterns 
[ 11 – 15 ]. Shorter disease duration till fi rst opera-
tion, and younger age at fi rst operation are also 
likely risk factors [ 11 ]. It is unclear if having 
clear margins at the time of surgery, having a 
smaller length of resection or if the types of 
anastomosis are associated with improved out-
comes [ 12 ,  14 – 16 ]. 
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 Bacteria and gut contents play a signifi cant 
role in post-operative recurrence. If a patient is 
diverted proximal to the anastomosis, a sustained 
remission at the anastomosis is achieved without 
medical therapy [ 17 ]. In a study by D’Haens 
et al. of patients with an ileal resection and 
primary anastomosis but with proximal diversion 
of luminal contents by a diverting ileostomy, 
no recurrence was noted by endoscopy [ 17 ]. 
However following reinfusion of ileostomy con-
tents into the diverted distal ileum, there was his-
tologic evidence of infl ammation within 1 week, 
thus demonstrating the critical role of luminal 
contents in reactivation of CD [ 17 ].  

    Assessing Post-Operative 
Recurrence Risk 

 Patients with any of the risk factors mentioned 
have a high likelihood of recurrence and are the 
patient subgroup in which prophylactic medical 
therapy should be strongly considered. The assess-
ment of post-operative risk recurrence should occur 
pre-operatively. All available options should be 

discussed with the patient. In addition open com-
munication between the GI physicians and the 
surgical teams needs to occur with clarifi cation of 
the type, extent and severity of disease, and dis-
cussion regarding plans for immune suppression. 
Due to the high recurrence rates seen it is worth-
while being proactive and to institute preventa-
tive strategies in high-risk patient groups. 
Post-operative ileocecectomy should be seen as 
the ideal opportunity for prevention of symptom-
atic disease and complications from the disease.  

    Assessment of Recurrence 

 Clinical symptoms should not be relied upon to 
assess for post-operative recurrence. Infl ammation 
is often present in asymptomatic patients and 
there is poor correlation between clinical and 
endoscopic fi ndings in the post- operative setting 
[ 18 ,  19 ]. The most commonly used endoscopic 
scoring system to assess disease recurrence 
after ileal or ileocolonic resection in CD is the 
Rutgeerts’ score (Fig.  16.1 ) [ 1 ]. This score looks 
at the presence and severity of recurrence in the 

  Fig. 16.1    Rutgeerts’ score for post-operative endoscopic recurrence       
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neoterminal ileum and at the ileocolonic anasto-
mosis. When utilizing this scoring system it is 
important to acknowledge that ulcers at the anas-
tomosis may not always be related to disease 
recurrence. It is quite common to have suture 
related trauma (Fig.  16.2 ) or marginal ulceration/
ischemia at this location and such ulcers should 
be excluded from the scoring system. Rutgeerts’ 
score is used to determine initiation of medical 
therapy as it has been found to correlate with the 
prognosis of clinical disease recurrence with 
those having a score of i-0 or i-1 having less than 
5 % chance of clinical recurrence within 3 years. 
This is in comparison with i-2, i-3, and i-4, which 
correlate with a clinical recurrence risk of 14 %, 
40 %, and 90 %, respectively [ 1 ,  20 ]. Due to the 
fact that endoscopic recurrence precedes clinical 
recurrence and that most recurrence occurs 
within the fi rst year [ 20 ] it is recommended that 
an ileocolonoscopy be performed within 6–12 
months of surgery.    

    Fecal Calprotectin for Assessing 
Post-Operative Recurrence 

 As endoscopy is an invasive test that potentiates 
a risk to the patient, there has been interest in the 
use of surrogate markers to monitor for disease 
recurrence in the post-operative setting. The 
most promising is that of fecal calprotectin (FC). 

FC levels correlate well with endoscopic recurrence 
as measured by the Rutgeerts’ score [ 21 ,  22 ]. 
Sorrentino et al. measured FC in 25 patients 
every 2 months following surgery and found that 
FC corresponds to endoscopic recurrence [ 22 ]. 
Additionally, patients that received anti-TNF 
therapy to treat this recurrence and had endo-
scopic improvement also had improvement of 
their FC [ 22 ]. Another study by Wright et al. of 
136 patients who had a calprotectin measured 
pre-operatively and at 6 months post-operatively 
found that a cutoff of 100 μg/g    FC could be used 
to monitor for disease recurrence with a sensi-
tivity of 0.89 and a negative predictive value of 
91 %, concluding that the use of fecal calprotec-
tin to monitor patients in the post-operative set-
ting may allow for 41 % of patients to avoid 
colonoscopy [ 23 ]. This has also been demon-
strated by Lobaton et al. who found that the 
medium FC for those with i0–i1 disease was 
98 μg/g versus 234.5 μg/g in those with i2–i4 
disease [ 24 ]. Finally in a study by Yamamoto and 
Kotze, a cutoff value of 170 μg/g for FC had a 
sensitivity of 0.83 and a specifi city of 0.93 to 
predict clinical recurrence [ 25 ]. Although at this 
stage it is premature to rely on FC alone to moni-
tor for disease recurrence, growing evidence 
suggests it will play an increasing role in the 
future, with colonoscopy reserved for patients 
with an elevated FC.  

    Symptoms After Crohn’s Surgery 
Are Not Always Infl ammatory 

 It is important to note that patients may have diar-
rhea or pain following their operation that may 
not be due to CD recurrence (Table  16.1 ). 
Therefore before treating symptomatic disease 
recurrence in the post-operative setting, objective 
markers of disease activity should be sought. 
Ideally this is with endoscopy, although FC may 
be a viable substitute. As clinical symptoms and 
endoscopic activity poorly correlate, treatment 
should be based on endoscopic activity or a sur-
rogate marker, not on clinical symptoms in order 
to prevent both over- and under-treatment of the 
patient.

  Fig. 16.2    Suture related trauma at the post-operative 
anastomosis       
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       Medical Prophylaxis Options 

 A resection often clears all disease in a patient 
with CD and provides an ideal opportunity to 
prevent further symptomatic disease. The risks 
of medical over-treatment need to be acknowl-
edged, however, under-treatment in the post-
operative setting will lead to disease recurrence 
in the majority of patients. In the current era of 
treatment for IBD, our aims include the pre-
vention of progressive disease, disability, and 
future surgical intervention. Therefore prophy-
lactic therapy should be considered in most 
patients. 

    Minimal Benefi t: Probiotics/5-ASA 
Medications/Corticosteroids 

 As antibiotics prevent recurrent disease it has 
been hypothesized that changing the microbiot-
ica may have benefi ts in preventing recurrence. 
However studies have failed to demonstrate any 
benefi t in the post-operative setting with the use 
of probiotics [ 26 ,  27 ]. 5-ASA medications are 
also appealing due to their minimal side effect 
profi le and low cost, however results are incon-
sistent and their effect on clinical and endoscopic 
outcomes is mild at best [ 28 – 30 ]. Corticosteroids 
(both systemic and budesonide) have shown lit-
tle benefi t in preventing post-operative recur-
rence [ 31 ,  32 ].  

    Moderate Benefi t: Antibiotics/
Immunomodulators 

 Due to the evidence that suggests that bacteria 
are in part responsible for recurrence of CD 
following resection there have been a number 
of studies looking at the role of antibiotics to 
prevent recurrence. Nitroimidazole antibiotics 
(metronidazole and ornidazole) are the most 
commonly studied medication. Rutgeerts et al. 
demonstrated that recurrence, defi ned as i2 or 
greater, was decreased at 3 months from 75 % 
in the placebo group to 52 % ( p  = 0.09) in those 
taking metronidazole and severe recurrence 
decreased from 43 to 13 % ( p  = 0.02). Clinical 
recurrence was also decreased at 12 months 
(25 % versus 4 %,  p  = 0.044) [ 33 ]. In addition 
metronidazole seems to have a benefi cial effect 
when added to azathioprine as combination 
therapy at preventing post-operative recurrence 
with rates of endoscopic recurrence at 12 
months of 44 % in the combination therapy 
group compared to 69 % in those on monother-
apy with azathioprine ( p  = 0.048) [ 34 ]. Patients 
were also more likely to have no lesions seen at 
12 months (22 % no lesions in combination 
group versus 3.5 % no lesions seen in the aza-
thioprine monotherapy group,  p  = 0.03). We 
therefore recommend that if patients can toler-
ate it that most be placed on 3 months of met-
ronidazole in the post-operative setting. The 
dose should not be higher than 1 g/day to mini-
mize the risk of neuropathy. 

   Table 16.1    Symptoms, etiology, and treatment of problems post CD surgery   

 Symptoms  Cause  Treatments 

 Post-operative pain  Mucosal pain/healing  Limited analgesia, regional 
anesthesia when possible 

 Diarrhea  Post-resection “diarrhesis” (rapid 
transit due to absence of obstruction 
and muscular hypertrophy) 

 Anti-diarrheals 

 Diarrhea  Bile salts  Bile acid sequestrant 
 Abdominal 
pain ± bloating, nausea, 
vomiting, and constipation 

 Narcotic bowel  NO narcotics! 

 Bloating, diarrhea  Bacterial overgrowth  Antibiotics 
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 Immunomodulator (IMM) monotherapy also 
seems to have a modest effect on reducing post- 
operative recurrence. A meta-analysis of 433 
patients who were placed on immunomodulators 
versus placebo found that thiopurines were more 
effective than placebo at preventing severe endo-
scopic recurrence at 1 year (i2–4) (mean diff 
15 %, 1.8–29 %,  p  = 0.026, NNT = 7) but were not 
more effective at preventing very severe (i3–4) 
recurrence [ 35 ]. In regard to clinical relapse, 
thiopurines were more effective than placebo in 
preventing clinical relapse at 1 year (mean differ-
ence 8 %, CI 95 %: 1–15 %,  p  = 0.021, NNT = 13) 
and 2 years (mean difference 13 %, CI 95 %: 
2–24 %,  p  = 0.018, NNT = 8) [ 35 ].  

    High Benefi t: Biological Therapy 

 Biological therapies have been found to have the 
greatest impact in decreasing post-operative 
recurrence in CD. An initial study by Regueiro 
et al. demonstrated that anti-TNF therapy could 
decrease endoscopic recurrence from 84.6 % in 
the placebo arm to 9.1 % in those receiving infl ix-
imab at 1 year (endoscopic recurrence i2–4) [ 36 ]. 
In the second year of follow-up, patients were 
offered open access infl iximab and it was found 
that remission was maintained over the 2-year 
period in those who continued on infl iximab. In 
addition, anti-TNF naïve patients who developed 
endoscopic CD recurrence 1 year after their 
respective surgery had endoscopic improvement 
but not cure with infl iximab and those who 
stopped their infl iximab at 1 year in the setting of 
no recurrence developed endoscopic recurrence 
at 2 years [ 36 ,  37 ]. This demonstrates the need 
for early and prolonged treatment in such high- 
risk patients. 

 Adalimumab also appears to be effective in 
the post-operative setting. A study of 51 patients 
by Savarino et al. demonstrated that recurrence of 
CD was only 6.3 % at 2 years in patients treated 
with adalimumab post-operatively compared to 
64.7 % in patients treated with azathioprine alone 
and 83.3 % in patients treated with mesalamine 
alone [ 7 ]. Preliminary data from the POCER 
study has also shown benefi t with adalimumab 

therapy demonstrating that at 6 months 94 % of 
high-risk patients treated with post-operative 
adalimumab remain in endoscopic remission 
(i0–i1) versus 62 % treated with a thiopurine 
( p  = 0.02) [ 38 ]. 

 There is currently no data in the post-operative 
setting for cetolizumab pegol, natalizumab, or 
vedolizumab.   

    A Proposed Monitoring 
and Treatment Algorithm for Post- 
Operative CD 

 Treatment in the post-operative should be indi-
vidualized for each patient. The benefi ts of early 
assessment and titration of medical therapy 
based on disease recurrence are evident in the 
preliminary results from the POCER study [ 39 ]. 
This study found that at risk patients treated 
immediately after surgery followed by colonos-
copy performed at 6 months and treatment step-
up if recurrence occurred had signifi cantly better 
outcomes compared to patients treated immedi-
ately after surgery with optimal drug therapy but 
followed without early colonoscopy    assessment 
(Fig.  16.3 ).  

 Low risk patients are those that have long-
standing CD (>10 years) who are undergoing 
their fi rst surgical resection for a short (<10 cm), 
fi brostenotic lesion. These patients progress 
slowly, so no chronic therapy is required initially. 
In high-risk patients including those who smoke, 
have penetrating disease or perianal disease, or 
have a history of previous resection, initiating or 
continuing anti-TNF therapy with IMM immedi-
ately in the post-operative setting should be con-
sidered. Moderate risk patients are those who do 
not fi t into the aforementioned categories and in 
these patients we treat with an IMM monother-
apy in the post-operative period. 

 In regard to monitoring patients in the post- 
operative setting, there is currently no standard-
ized approach. As calprotectin levels remain high 
for the fi rst 2 months and then lower in those 
patients who do not have CD recurrence it is our 
practice to measure FC in patients at 3 months post 
surgery. As FC < 100 mg/kg has a high specifi city 
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for lack of mucosal lesions, in patients who have 
an FC < 100 mg/kg we continue to monitor and 
either repeat an FC or perform a colonoscopy at 6 
months. If the FC is still below 100 mg/kg or the 
colonoscopy shows i0–i1 disease at 6 months, we 
continue the patients’ current medical regime. 

 Evidence suggests that patients with a calpro-
tectin higher than 100 mg/kg should have a 
 colonoscopy at 6 months [ 23 ]. However we risk-
stratify these patients depending on the level of 
their calprotectin. In the study by Sorrentino 
et al. [ 22 ], patients who had no post-operative 
recurrence had FC levels below 200 mg/kg. 
Therefore if patients have an FC level higher than 
200 mg/kg, we optimize or escalate their medical 
therapy at 3 months with a view to then perform 
a colonoscopy at 6 months. In patients who have 
an FC of between 100 and 200 mg/kg we con-
tinue their current medical therapy and perform a 
colonoscopy at 6 months. 

 At colonoscopy, in patients with i0–i1 dis-
ease, current medical therapy may be continued 
and in patients with i2 or greater recurrence, then 
initiation, optimization, or escalation of therapy 
should occur. This can be in the form of com-
mencing IMM or anti-TNF therapy and optimiz-
ing dosage of current IMM or anti-TNF therapy. 
To confi rm that IMMs are not under-dosed, the 
metabolic profi le should be assessed with dose 
increase if required or if shunting is present con-
sidering the use of allopurinol. In regard to ther-
apeutic monitoring of anti-TNF therapies, 
depending on the anti-TNF level and the pres-
ence or not of antibodies, options include 
increasing the dose, decreasing the dosing inter-
val, switching therapy to another drug within the 
same class or switching therapy to a drug outside 
the class, or adding a drug to the ongoing treat-
ment regimen. The choice of which strategy to 
employ is based on careful assessment of the 

  Fig. 16.3    An updated algorithm for predicting and preventing recurrence of post-operative CD       
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patient by history, examination, and increasingly 
therapeutic drug monitoring. 

 Once a patient has had their medical therapy 
optimized and their post-operative recurrence is 
stable we review them on a 6–12 monthly basis 
utilizing a 12 monthly objective marker of recur-
rence being either that of FC or colonoscopy. If 
objective evidence of recurrence occurs, then we 
recommend further optimizing therapy using the 
techniques discussed.  

    Conclusion 

 Surgical resection is an appropriate treatment 
option in many patients with CD and should be 
embraced. However, post-operative recurrence of 
CD is very common. The post-operative setting 
should be viewed as an ideal opportunity to pre-
vent recurrence of symptomatic disease. It is 
therefore imperative to understand the patient’s 
risk of recurrence, weigh the risks and benefi ts of 
long-term treatment based on this risk and be 
proactive in preventing recurrence. Antibiotics, 
immunomodulators, and anti-TNF therapies have 
all been shown to have effi cacy in the post- 
operative setting. However, there is also increas-
ing evidence for an approach that includes 
assessment with a 3-month FC and a 6-month 
colonoscopy to further risk-stratify patients. 
Although the optimal approach to monitoring 
and therapy is still unknown, an individualized 
approach based on a patients’ risk profi le is most 
appropriate. We propose an updated algorithm 
approach to risk stratifi cation and prevention.     
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            Introduction 

 Since the fi rst publication in 1932 by Burrill 
Crohn and his colleagues at the Mount Sinai 
Hospital in New York, the number of patients 
worldwide with Crohn’s disease (CD) has been 
continuously increasing [ 1 ]. Today, there are 
more than one million CD patients around the 
world, with a recent signifi cant increase in Asia 
and South America. In Japan, the prevalence of 
CD has increased dramatically in the 1990s; and 
the nationwide population of CD patients is cur-
rently approaching 40,000 patients. Researchers 
have reported that 70 % of CD patients undergo 
enterectomy or other surgical interventions 
within 10 years of diagnosis, with high postop-
erative rates of anastomotic recurrence and steno-
sis necessitating repeat surgery [ 2 ]. In patients 
treated with surgical anastomosis, CD recurrence 
was diagnosed endoscopically in 70–90 % within 

1 year, and 20–30 % of surgical patients required 
a second surgery within 5 years [ 2 ]. Despite 
recent advances in pharmacotherapy [ 3 ,  4 ], there 
are currently no drugs that can either alleviate 
fi xed stenotic lesions or signifi cantly improve the 
natural history of CD [ 5 – 9 ]. While strictureplasty 
has been reported to relieve obstruction due to 
stenotic lesions [ 10 ], no surgical strategies have 
been developed to prevent postoperative anasto-
motic recurrences [ 11 ,  12 ]. 

 In September 2003, Kono and his colleagues 
at the Asahikawa Medical University Hospital, 
Hokkaido, Japan, started to use their unique surgi-
cal technique for preventing anastomotic strictures 
(Kono-S anastomosis) in patients with CD [ 13 ,  14 ]. 
Since then, their approach has been adopted at 
several other medical institutions in Japan. In 
May 2010, this novel anastomotic procedure was 
introduced at the University of Chicago Hospital, 
and subsequently the University of Washington 
Medical Center, and the Weill Cornell Medical 
Center [ 15 ]. More than 400 CD patients around 
the world have been treated using this technique. 
With a mean follow- up of 5 years, none have 
required reoperative surgery for anastomotic 
recurrence as of September 2013. There is also a 
low incidence of endoscopically detected CD 
recurrence at the anastomotic site. A prospective, 
randomized, multicenter study led by the Weill 
Cornell Medical Center researchers in collabora-
tion with the University of Washington Medical 
Center is currently underway [ 12 ]. This chapter 
will outline the standard Kono-S anastomosis 
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procedure, adopted at the First International 
Consensus Conference on Kono-S Anastomosis 
held in September 2011 in Kyoto, Japan [ 16 ]. 
This chapter will also describe the fundamental 
differences between the Kono-S and the stapled 
functional end-to-end anastomosis and other 
anastomotic techniques.  

    Kono-S Anastomosis Procedure 

 The Kono-S anastomosis technique is illustrated 
here using the example of an ileal stenosis, one of 
the most common types of CD lesion. 

    Confi rmation of the Lesion 

 Surgical success hinges on detailed preoperative 
evaluation of the lesions and other parts of the 
intestinal tract, which may be often compromised 
by adhesions, multiple disease foci, and other 
causes. Whether using the open or laparoscopic 
approach, the surgeon must carefully trace and 
examine the patient’s small bowel starting from 
the ligament of Treitz. Surgical lysis of adhesions 
may be necessary for mobilization of the gastro-
intestinal tract. The surgeon determines the 
length of the small intestine as well as the extent 
of the disease, using sterile tape measure or other 
appropriate tools. Before making the fi nal deci-
sion on the surgical procedure intraoperatively, 
the surgeon may need to endoscopically evaluate 
the identifi ed lesions and the future remnant tract 
segments to ensure that no active lesions were 
missed in the preoperative assessment (Fig.  17.1 ).   

    Determination of the Location 
and the Resection Margin 

 Attention must be paid to exclude ulcers and other 
active lesions from the anastomotic site. Although 
the presence of inactive lesions may be permitted, 
ideally the surgeon should select an area com-
pletely free of disease, keeping in mind at the same 
time that the bowel must be spared to the maxi-

mum extent possible. A 2-cm margin from the 
edge of macroscopically visible diseased bowel is 
recommended proximally and distally [ 17 ].  

    Division of the Mesentery 
for Maximum Preservation 
of Vascularization and Innervation 

 CD is a chronic and repeated transmural infl am-
matory process that also damages the intrinsic 
intestinal nervous system. The submucosal 
plexus is particularly susceptible to damage due 
to its location and morphology. Regeneration of 
nerve fi bers takes much longer (years) than 
mucosal healing (weeks). Therefore, even after 
mucosal healing has completely occurred, neuro-
nal regeneration is incomplete. In fact in CD, 
regional total intestinal and mucosal-submucosal 
blood fl ow was reduced to half that of healthy 
individuals, probably due to reduced levels of the 
potent vasodilator calcitonin gene-related peptide 
(CGRP) in the submucosal plexus [ 18 – 20 ]. Poor 
mucosal blood fl ow contributes to intestinal 
ulceration in various clinical conditions includ-
ing perforation, fi stula formation, and excess 
fi brosis which causes intestinal stenosis. 

 In peripheral nerve regeneration, it is diffi -
cult for nerves to regenerate across large gaps 
due to the inability to sustain nerve regeneration 
for long periods of time. Therefore, after review-
ing the conventional method of dividing the 
 mesentery where lymphovascular vessels and 
nerves branch into the intestinal wall, we decided 
to adopt a new approach. 

 Usually, a fan-shaped portion of the mesen-
tery spanning the proximal and distal resection 
margins is removed in order to remove lymph 
nodes. However, such a procedure likely delays 
postoperative neural regeneration, because the 
nerves are severed relatively proximally. The 
nerves should be divided as close to the intestinal 
wall as possible to allow for early neural regen-
eration at the anastomotic site, which will con-
tribute to maintaining its blood supply (Fig.  17.2 ). 
Postoperative decreases in intestinal blood fl ow 
may be involved in anastomotic recurrence [ 20 ]. 
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Retaining as much of the mesentery as possible 
is critical for optimizing blood supply to the 
anastomosis.  

 Wherever possible, the use of a tissue sealing 
device is recommended. Since mesenteric 
nerves and vessels are to be severed close to the 
intestinal wall, suture ligature should be avoided 
to prevent surgical site infection. Hemostasis 

should be carefully performed in patients with 
mesenteric infl ammation and hypertrophy, which 
may cause unexpected bleeding. The surgeon 
must take special care to leave intact the mesen-
tery in the vicinity of the resection margins to 
the greatest extent possible for optimal postop-
erative reinnervation and revascularization of 
the anastomosis.  

  Fig. 17.1    Intraoperative endoscopy. The whole bowel 
is inspected carefully for diseased segments using an 
endoscope via an enterotomy placed at a stenosis site. 

Intraoperative endoscopy is performed by a gastroenter-
ologist in specifi c cases when unexpected incidental 
 surgical fi ndings are noted upon exploration          

  Fig. 17.2    Mesentery is divided using a tissue sealing device close to the intestinal wall to preserve vascularization and 
innervation       
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    Use of Automatic Staplers 
and Creation of a Reinforced 
Structure: Creation of the Supporting 
Column 

 According to conventional anastomotic proce-
dures, the bowel is divided with the long axis of 
the automatic cutting stapler parallel to the mesen-
teric plane. In our procedure, however, the two-
row or three-row automatic stapler is positioned 
perpendicular to the mesentery and the longitudi-
nal axis of the intestine so that the mesenteric 
plane will fall at the midpoint of the transverse 
staple line (Fig.  17.3a ). Three-row staplers are 
preferable to two-row staplers with respect to the 
mechanical rigidity of the structure that will be 
created using the stapled ends. At this point, the 
surgeon may use a surgical skin marker to draw a 
longitudinal line of approximately 10 cm along the 
antimesenteric wall of both sides of the segment to 
be resected. These lines will serve as a useful indi-
cator for the location and orientation of stapling 
(Fig.  17.3 ). Experimental data suggest that the sur-
geon should wait for a minimum of 2 min so that 
intestinal tissue can be evenly compressed for 
secure staple closure (Fig.  17.3 ) [ 21 ]. It is advis-
able to wait one more minute after fi ring the device 
especially in presence of edematous tissue.  

 Automatic stapling may result in less effective 
closure at the corners (Fig.  17.4 ). Consequently, 
the surgeon is advised to imbricate and reinforce 
the corners of the staple lines with absorbable 
sutures (Fig.  17.4 ). The sutures used to reinforce 
the proximal and distal ends are tied together to 
approximate the corresponding corners of the 
stumps (Fig.  17.5 ). Then, the two staple lines are 
sewn together with 3-0 or 4-0 absorbable sutures 
in order to construct a “supporting column”, a 
structure that helps prevent mechanical deforma-
tion of the anastomosis (Fig.  17.5 ). The supporting 
column will be located just behind the posterior 
wall of the anastomosis. The supporting column 
provides a rigid mechanical support that will 
prevent mechanical deformation and functional 
constriction of the lumen of the anastomosis.    

    Construction of the Anastomosis 

 An incision is made along the longitudinal line 
marked on the antimesenteric wall, starting at a 
position between 5 and 10 mm from the edge of 
the supporting column (Fig.  17.6a ). If the incision 
starts within 5 mm of the supporting column, it 
will render the anastomotic procedure technically 
diffi cult, and increase the risk of an insuffi cient 
blood supply. In contrast, if the opening starts 
more than 10 mm away from the supporting col-
umn, the mechanical reinforcement of the sup-
porting column may be compromised. With the 
fi rst assistant holding the incision open with for-
ceps, the surgeon extends the longitudinal open-
ing until a transverse lumen of 7–8 cm is created 
(Fig.  17.6b ). Since CD intestinal tracts may vary 
signifi cantly in elasticity, the size of the opening 
must be accurately measured. The desired diame-
ters for the anastomosis are 7 and 8 cm for the 
small and large intestines, respectively.  

 Either a Gambee or Albert suture pattern can 
be used for closing the posterior wall. If the 
wall thickness of the two ends differs consider-
ably, the Gambee technique is preferable. The 
 proximal side of the distal lumen and the distal 
side of the proximal lumen are approximated 
by passing long sutures on non-detachable 
needles from the inside to the outside of one 

  Fig. 17.3    Before dividing the bowel, a longitudinal line 
is drawn at the antimesenteric side. Bowel is divided 
transversely placing the linear stapler perpendicular to the 
intestinal lumen and the mesentery is located in the mid-
dle of the staple lines          
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  Fig. 17.4    ( a ) Intestinal segment divided by linear stapler. 
The corners of the staple line are at risk of leaks and 
bleeding. ( b ), ( c ) Both corners of the staple lines are 

reinforced and imbricated. ( d ) The sutures are tied 
together to construct the “supporting column”          

  Fig. 17.5    ( a ) The suture threads used to reinforce the 
proximal and distal ends are tied together in order to cre-
ate a “supporting column”. Adjustments are made to com-
pensate for differences in stump size. ( b ) The staple lines 

are securely sewn together using interrupted stitches. The 
“supporting column”, helps preventing distortion due to 
relapse at the anastomotic site       
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  Fig. 17.6    ( a ) Antimesenteric longitudinal enterotomy 
and colotomy are performed on each stump starting 5 to 
10 mm away from the edge of the “supporting column” in 

order to obtain the optimal effect of the “supporting col-
umn” on the anastomosis. ( b ) Enterotomy and colotomy 
are extended to allow a transverse lumen of 7 cm to 8 cm       

opening and from the outside to the inside of 
the other at the points most distal to the long 
axis of the intestine (Fig.  17.7a ). Next, a short 
suture with a removable needle is used to join the 
midpoints of the anastomotic edges using the 
Gambee technique (Fig.  17.7a ). Separate long 
sutures on non- detachable needles are used to 
close the posterior wall, starting from the cen-
ter, i.e., proximal to the long axis (Fig.  17.7b ). 
These sutures are tied to the pre-existing long 
sutures with non-detachable needles, which are 
to be used for subsequent closure of the anterior 
wall. The supporting column will be located 
immediately behind the posterior wall of the 
anastomosis. The surgeon is advised to keep at 
least a 7-mm stitch distance for continuous 
sutures to ensure suffi cient blood fl ow to the 
anastomosis. Care must be taken not to pull too 
hard on stretchable sutures when tying them, to 
avoid limiting blood fl ow.  

 Either Gambee or layer-to-layer suturing 
can be used. The suture-carrying needles that 
remained from the suturing of the posterior wall 
are passed through the edge of the stoma from 
the inside to the outside. On the side closer to 
the surgeon, the needle is passed through the 
colon (distal end), whereas the needle is passed 
through the ileum (proximal end) on the side 
further from the surgeon. The surgeon sutures 
the proximal half of the anastomotic edges and 

ties the suture (Fig.  17.7c ). Another short suture 
with a detachable needle is placed and tied at the 
center of the anastomosis. The long suture with 
the non- detachable needle is left in place. Next, 
the surgeon closes the distal half of the stomal 
rim and ties this suture to the pre-existing suture 
(Fig.  17.7c ). With this technique, the mesenteric 
attachment, a frequent site of pathological 
changes, ends up aligned with the midpoint of 
the supporting column (Fig.  17.7d ).  

    Closure of the Mesenteric Defect 
and Covering the Anastomotic 
Structure 

 The surgeon may close the mesenteric defect 
when appropriate. Since both ends of the sup-
porting column extend beyond the edges of the 
anastomosed intestinal tract, the anastomotic 
structure should be covered by omentum or 
other appropriate fatty tissue to prevent intesti-
nal adhesions. In order to relieve the anasto-
motic structure of excess mechanical tension, 
the surgeon may fi x the anastomosis to the 
omentum or other fatty tissue placed over the 
anterior wall with a few stitches. In this case, 
stitches should be made along the short axis of 
the intestinal tract to prevent interference with 
intestinal blood fl ow.  
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    Potential Application 

 In order to form a wide anastomosis, the Kono-S 
technique requires healthy intestinal segments 
for at least 10 cm both proximal and distal to the 
area to be resected. Consequently, this technique 
requires careful preoperative surgical planning 
and intraoperative decision-making, especially 
when it is used to treat terminal ileal stenosis 
requiring preservation of the ileocecal valve, rec-
tal stenosis, or multiple short skipped strictures. 

With this technique, the anastomosis is hand-
sewn. Sewing by hand renders this technique 
technically diffi cult to perform using a totally 
laparoscopic approach. 

 One major advantage is that the supporting 
column can help reduce mechanical tension on 
the anastomotic site. Therefore, the Kono-S tech-
nique is also suitable for ileorectal anastomoses 
or any types of anastomoses that are likely to 
 suffer from undue tension. In addition, this 
approach is effective for anastomosing segments 

  Fig. 17.7    Closure of the anastomotic stoma and comple-
tion of the Kono-S anastomosis. ( a ) Posterior wall 
stitches. Two Gambee sutures are started the fi rst at the 
points most distal to the long axis of the intestine and the 
second at the center of the posterior edge. ( b ) Posterior 
wall closure. Another non-detachable suture goes to close 
the pre-existing suture at the point most distal to the long 
axis, which is to be used for subsequent closure of the 
posterior wall. ( c ) Anterior wall closure. The posterior 

wall sutures are used to close the anterior wall. The sur-
geon sutures the proximal half of the anterior wall and ties 
another short suture with a detachable needle is placed at 
the center of the anastomosis. Next, the surgeon closes the 
distal half of the anterior wall and ties this suture to the 
pre-existing suture. ( d ) Completion of the Kono-S anasto-
mosis. The arrow indicates the supporting column that is 
closely located at the posterior wall       
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of signifi cantly different calibers, because 
 incisions are made along the long axis of the 
intestinal tract so that similar lumen sizes can be 
created irrespective of diameter.   

    Effects of Surgical Prophylaxis 
According to the Type of Surgery 

       Anastomotic Confi gurations 

 Recent meta-analyses of surgical outcomes by 
the type of anastomosis revealed that end-to-end 
anastomosis was not associated with signifi cant 
differences in perianastomotic recurrence or 
reoperation compared to side-to-side, side-to- end, 
and end-to-side confi gurations, but they were 
associated with increased anastomotic leak rates 
[ 22 ,  23 ]. In addition, the end-to-end confi gura-
tion provides smaller lumens than the side-to- 
side confi guration, which is more likely to 
interrupt the blood supply to the anastomotic site 
as a result of suturing of the mesenteric aspect of 
the intestinal tract, a common site of pathological 
changes [ 17 ,  22 – 24 ]. Consequently, the side-to- 

side anastomosis is considered more effective 
than the end-to-end confi guration and is used 
more often in clinical practice. The Kono-S 
technique, a type of side-to-side anastomosis, 
appeared therefore to be superior to the end-
to- end anastomotic approach. The differences 
between Kono-S and other types of anastomotic 
techniques are summarized in Fig.  17.8 .   

    Handsewn Versus Stapled 
Anastomoses 

 Intestinal anastomosis can be performed in a 
handsewn or stapled fashion. With the recent 
increase in the use of laparoscopic techniques, 
the side-to-side stapled anastomosis has become 
increasingly popular [ 23 ,  25 – 27 ]. However, 
stapled anastomoses have several disadvantages 
compared to handsewn anastomosis in CD. 
First, once the handsewn segments are completely 
healed, the anastomotic site recovers elasticity 
and becomes capable of expanding or shrinking 
in response to changes in intraluminal pressure 
more effectively than stapled bowels [ 28 ]. 

Kono-S anastomosis Functional end-to-end

Nothing can prevent distortion

Adhesion to stapling sites

Difficult to access by enteroscope

Supporting column can prevent distortion

Stapling site is covered by anastomotic site

Easy to access like a end-to-end 

mesenteric side

mesenteric side

Supporting column

  Fig. 17.8    Comparison of the advantages and disadvantages of handsewn and stapled functional end-to-end anastomoses       
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Second, stapled lines are more likely to undergo 
eversion and subsequent adhesion formation. 
Since CD is associated with a high incidence of 
fl are-ups and recurrences in the perianastomotic 
region, stapling is associated with a higher prob-
ability of adhesion formation between the anasto-
mosis and other parts of the intestine. Clinicians 
often encounter cases where anastomotic defor-
mation caused by adhesions interferes with the use 
of endoscopy. Stapled anastomoses often result in 
complex strictures, for which endoscopic balloon 
dilatation, the only realistic alternative to intesti-
nal surgery, is technically challenging [ 29 ,  30 ]. 
In addition, techniques involving stapling, which 
provide uniform lumen sizes, are less fl exible; 
have higher incidences of anastomotic bleeding 
and overactive infl ammatory responses have been 
reported [ 26 ,  28 ,  31 ]. These disadvantages warn 
against the indiscriminate use of stapling tech-
niques. The authors strongly recommend using 
handsewn techniques for intestinal anastomosis 
in patients with CD.  

    Laparoscopic Versus Open Surgery 

 Laparoscopy-assisted surgery has been increas-
ingly used in CD. Its short-term safety has been 
established, and the advantages reported in the 
literature include better cosmetic outcomes, ear-
lier postoperative recovery, less pain, and shorter 
hospital stay [ 32 – 37 ]. However, CD is among 
the most challenging diseases to treat laparo-
scopically, particularly when the patients have 
multiple diseased segments or intraabdominal 
abscesses [ 38 ]. Long-term results of laparo-
scopic and conventional surgeries for CD in the 
Netherlands and the USA have been reported 
[ 25 ,  39 ]. These studies suggested that laparo-
scopic surgery is not superior in terms of reop-
eration rates.   

    Conclusion 

 Our antimesenteric functional end-to-end hand-
sewn (Kono-S) anastomosis technique reduces 
the incidence of deformation and stenosis of the 
anastomotic site. This technique helps preserve 

the blood supply to the surgical site and promote 
neural regeneration. It reduces anastomotic recur-
rences and facilitates endoscopic evaluation. The 
Kono-S procedure has the potential to become 
the standard of care for CD in the future.     
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         The nature of Crohn’s disease is such that it is a 
recurring disorder for which there is no cure. 
After effective surgical resection, long-term 
recurrence is the typical clinical course. Between 
50 and 70 % of patients undergoing surgical 
treatment of their disease will ultimately require 
further surgical intervention [ 1 – 3 ]. As such, many 
of the surgical procedures undertaken for the 
management of Crohn’s disease are performed in 
patients who have already had prior surgical treat-
ment. Surgical strategies and approaches for 
recurrent Crohn’s disease for the most part mirror 
the surgical treatment of primary Crohn’s disease. 
There are, however, nuances that the surgeon 
should consider when re-operating on patients 
with Crohn’s disease. The purpose of this section 
is to review these issues. 

    Indications for Surgery 

 Indications for surgical treatment of recurrent 
Crohn’s disease are essentially the same as for 
primary Crohn’s disease with failure of medical 
management with intractability, intestinal obstruc-
tion, fi stula, abscess, perforation, and hemor-
rhage being the most common. Other indications 

include growth retardation in children and risk of 
malignancy in patients with diffi cult to assess 
colonic strictures or dysplasia [ 4 ].  

    Management Strategies 

 Because eventual recurrence of disease is so 
common, the approach to Crohn’s disease should 
be seen as a continuum, rather than a series of 
episodic, independent surgical interventions. As 
such, planning for a second or subsequent surgi-
cal intervention should begin with the initial 
operation. It cannot be emphasized enough that 
the surgical strategies for the management of 
Crohn’s disease should always be conducted in a 
manner that anticipates recurrence of disease and 
the need for future surgeries. As an example, 
patients with a pattern of disease that puts them at 
long-term risk for a stoma should have their sur-
gical incisions placed so as to preserve potential 
future stoma sites even if there is no consider-
ation for a stoma at the current operation. 

 Clear documentation is an important aspect 
of the long-term surgical management of Crohn’s 
disease. To assist any future operative manage-
ment, at the time of the initial surgery the acces-
sible portions of the GI tract should be evaluated 
with its condition and length fully documented 
in the operative report. Additionally, if at all pos-
sible, it is best to avoid unorthodox procedures 
or procedures that result in unusual or confusing 
anatomy. If an unusual anatomic rearrangement 
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is necessary, then a clear and unambiguous 
description of the anatomy should be made in the 
operative report. All patients should be given 
   ready access if not copies of their operative and 
pathology reports so that they can be easily 
 conveyed and reviewed for those caring for the 
patient in the future. Conversely when contem-
plating surgery for recurrent Crohn’s disease it is 
critically important to review all previous opera-
tive reports in order to have the best understand-
ing of the patient’s anatomy. Special attention 
should be given to the overall anatomy of the 
gastrointestinal tract, and areas that have been 
bypassed, diverted, or excluded should be noted. 
Specifi c locations of previous anastomoses and 
strictureplasties should also be noted. Any poten-
tial alterations in the vascular anatomy of the GI 
tract should also be considered. For instance, 
when anticipating surgery on the left colon it is 
important to know if the collaterals through the 
inferior mesenteric vessels and the marginal 
artery of Drummond may have been disrupted 
by prior surgery. 

 Because surgical interventions can be sepa-
rated by many years and in some cases decades, 
institutional policies for routine destruction of 
medical records after a certain period of time can 
be an obstacle to optimal management of patients 
with Crohn’s disease. It is yet to be seen if the 
widespread application of the electronic medical 
record will result in a more universal adoption of 
long-term archiving of records rather than an all 
too common practice of destroying records once 
minimal statutory requirements for preservation 
have been met.  

    Preoperative Evaluation 

 The preoperative workup for patients with recur-
rent disease should include a thorough evaluation 
of the gastrointestinal tract with imaging studies 
and endoscopic examinations. This is of particu-
lar importance for patients with recurrent disease 
as intraoperative assessment may be limited by 
the presence of signifi cant intra-abdominal adhe-
sions. All patients with recurrent disease should 

undergo either a small bowel follow-through, a 
CT enterography, or MRI enterography with 
dedicated protocol. These studies should be scru-
tinized for evidence of multifocal disease with 
skip lesions. Areas of disease and presences of 
complications such as stricture, fi stula, or abscess 
should also be noted. Small bowel imaging 
should also be studied to assess the overall anat-
omy of the intestine with special attention to 
post-surgical alterations and length of disease 
and length of remaining normal small intestine. 
Preoperative colonoscopy should be performed 
to assess the colon for the presence and extent of 
disease, to assess the terminal ileum or neo- 
terminal ileum, and to evaluate the patency of any 
ileocolonic anastomoses. 

 Typically, but certainly not always, the recur-
rent disease develops in the same location as the 
initial primary disease. Stricturing disease tends 
to recur as stricturing disease and penetrating or 
fi stulous disease tends to recur as fi stulous dis-
ease, but again this is far from universal. 
Additionally there is often a correlation between 
length of involved intestine with primary disease 
and the length of intestine involved with recur-
rent disease with patients experiencing short seg-
ment primary disease being more likely to have 
short segment recurrence while patients with 
long segment primary disease are more likely to 
have recurrent disease over a long segment [ 5 ]. 
The complications of Crohn’s disease occur with 
both primary and recurrent disease with a couple 
of interesting exceptions. Curiously ileo-vesical 
fi stula is an occasionally seen complication of 
primary disease but is quite rare as a manifesta-
tion of recurrent disease. Ileo-vesical fi stulas are 
seen much less commonly in patients who have 
undergone prior intestinal resection for Crohn’s 
disease and it is not entirely clear why this would 
be the case [ 6 ,  7 ]. On the other hand, ileo- 
duodenal fi stulas, infrequent complications of 
Crohn’s disease under any circumstances, are 
seen more often after prior resection. This is 
likely due to the fact that after an ileocolonic 
resection, the removal of the descending colon 
results in the positioning of the neo-terminal 
ileum to rest directly on top of the duodenum.  
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    Surgical Techniques 

 As previously indicated, surgery for recurrent 
disease for the most part mirrors the surgery for 
primary disease. Areas of disease should be 
resected to grossly normal margins, and standard 
anastomotic techniques and appropriate use of 
abdominal wall stomas apply. However, special 
consideration and discussion of strictureplasty, 
laparoscopy, and lysis of adhesions as part of the 
management of recurrent disease is in order. 

    Strictureplasty 

 In an attempt to avoid the debilitating conse-
quences of the short gut syndrome intestinal 
strictureplasties are utilized to avoid resection 
and preserve absorptive capacity. For patients 
with recurrent Crohn’s disease such techniques 
are often an imperative. Strictureplasty tech-
niques include the Heineke–Mikulicz, the Finney, 
and the Michelassi strictureplasty with the 
Heineke–Mikulicz being the most common tech-
nique employed [ 8 ]. 

 Recurrent disease frequently occurs at the 
location of a previous anastomosis and in some 
cases can result in focal stricture formation. For 
these patients the feasibility of strictureplasty at a 
previous anastomotic site comes into question. 
A limited number of studies have reported on 
both the long-term and short-term outcomes of 
intestinal strictureplasty at a previous anastomotic 
site [ 9 – 11 ]. These reports suggest that stricture-
plasty of a previous ileocolonic anastomosis has 
similar results when compared to re-resection and 
anastomosis. Thus strictureplasty for recurrent 
disease resulting in focal stricture at a previous 
anastomosis is an acceptable option in selected 
cases. These reports, however, do not provide 
details regarding the specifi c techniques of the 
original anastomosis and it is not clear if all types 
of anastomoses are equally appropriate for a sub-
sequent strictureplasty. It would seem, however, 
that an end-to-end anastomosis would be the most 
amenable to strictureplasty, while the appropriate-
ness of strictureplasty in side-to-side anastomosis 

is less clear. The available published literature on 
strictureplasty of a previous anastomosis is for the 
most part limited to strictureplasty of ileocolonic 
anastomoses, but it would seem reasonable to 
conclude that the technique can also be applied to 
recurrent disease at a previous small bowel to 
small bowel anastomosis. No matter what the 
confi guration or the location of the previous anas-
tomosis it is important to emphasize that stricture-
plasty of a previous anastomosis should only be 
performed for short segment stricturing disease 
without any associated fi stulas or abscesses. 
Additionally the ideal strictureplasty technique 
for this type of recurrent disease would be the 
Heineke–Mikulicz strictureplasty. 

 There is no published experience of stricture-
plasty for recurrent disease at a previous stric-
tureplasty site, i.e., there is no published 
experience for strictureplasty of a previous stric-
tureplasty. This may be the case because stric-
tureplasty is so effective at preventing recurrence 
at the strictureplasty site itself as only 10 % of 
patients undergoing strictureplasty require reop-
eration at the previous strictureplasty site [ 12 ]. 
Focal strictures at a previous strictureplasty 
site are so unusual that the possibility of malig-
nancy must be seriously considered and adequate 
assessment of the tissue with biopsy should be 
undertaken before considering leaving the tissue 
in situ [ 13 ]. From a technical standpoint it would 
be possible to perform an extension of either a 
previous Heineke–Mikulicz or a Finney stricture-
plasty that would allow for reestablishment of 
patency of the intestinal lumen.  

    Laparoscopic Surgery 

 Laparoscopic resection has become the standard 
for management of primary stricturing Crohn’s 
disease of the terminal ileum. When compared to 
standard open surgery, laparoscopic resection for 
Crohn’s disease is associated with shorter hospi-
tal stays and faster recovery times. Additionally 
laparoscopic resection decreases the adhesion 
formation and thus facilitates future surgical 
interventions. Multiple centers have reported on 
the value of laparoscopic surgery for primary 
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Crohn’s disease [ 14 – 17 ]. Published data regarding 
the use of laparoscopic techniques for recurrent 
disease, on the other hand, is limited, but avail-
able data seems to indicate that laparoscopic 
surgery for recurrent Crohn’s disease has an 
acceptable safety profi le [ 18 ,  19 ]. Reported 
conversion rates for laparoscopic resection or 
recurrent disease range from between 6 and 30 % 
depending upon the series [ 18 ,  20 ]. Laparoscopic 
surgery for recurrent Crohn’s disease is associ-
ated with longer operative times when compared 
to primary laparoscopic resection [ 18 ,  19 ,  21 ]. 
The currently available published experience 
with laparoscopic resection for recurrent Crohn’s 
disease suggests that this is an approach that is not 
often utilized. Major centers that have reported 
on their experience indicate that laparoscopic 
surgery for recurrent disease is performed at an 
average of only two to three cases a year even at 
recognized IBD centers [ 20 ,  21 ]. This would sug-
gest that the published experience is colored by 
highly selected application of this technique in 
patients with recurrent Crohn’s disease. 

 The primary impediment to laparoscopic sur-
gery for patients with recurrent Crohn’s disease 
is the presence of adhesions; either infl ammatory 
from the recurrent Crohn’s disease or postopera-
tive from the previous surgery. Therefore patient 
selection based upon the likelihood of signifi cant 
adhesive disease would seem important. One 
rarely considered benefi t from laparoscopic sur-
gery for Crohn’s disease is a lower risk for post-
operative adhesions which in turn facilitates the 
subsequent operation for recurrent disease, be it 
either open or laparoscopic.  

    Management of Adhesions 

 Most patients with recurrent Crohn’s disease will 
have intra-abdominal adhesions that will impact 
on the planned surgical treatment of the recurrent 
disease. These adhesions can either be infl amma-
tory from the Crohn’s disease itself or they can be 
of the typical post-surgical variety. For all cases 
of surgical management of recurrent intra- 
abdominal Crohn’s disease signifi cant adhesion 

formation must be anticipated and appropriate 
strategies employed. 

 At the time of laparotomy or laparoscopy for 
Crohn’s disease it is preferable to perform an 
inspection and evaluation of the entire small 
intestine. Such an evaluation may be inhibited by 
the presence of adhesions and the surgeon must 
weigh the benefi t of a detailed intraoperative 
evaluation against the risk of extensive adhe-
siolysis and the potential for injury to normal 
structures. This decision is based upon a variety 
of factors including the patient’s condition, 
symptoms, reliability of preoperative imaging 
studies and endoscopic exams, and the extent and 
density of the adhesions. For instance, in a case 
where preoperative studies demonstrate focal 
recurrence of the ileum but a normal appearing 
proximal small bowel with no evidence of skip 
lesions and at the time of surgery the patient is 
found to have severe dense adhesions involving 
the jejunum, an argument can be made to limit 
the adhesiolysis to what is necessary to perform 
the required resection or strictureplasty, while 
leaving severe jejunal adhesions intact to avoid 
injury to what is most likely otherwise normal 
small intestine. Conversely if the jejunal adhe-
sions are light and are easily separated without 
risk of injury, or if preoperative studies do not 
provide adequate confi dence that the jejunum is 
free of signifi cant Crohn’s disease, then the 
advantage would be to separate the adhered loops 
of bowel and perform a full examination. 

 As with any redo operation, surgery for recur-
rent Crohn’s disease requires special attention 
regarding operative technique [ 22 ,  23 ]. Care 
must be undertaken when fi rst entering the peri-
toneal cavity so as not to injure intestine that may 
be adherent to the anterior abdominal wall. At 
times it may be necessary to extend the incision 
into a previously un-incised area in order to 
safely enter the abdomen. In these cases when 
incising the fascia it is best to avoid electrocau-
tery, but instead to use the knife to slowly divide 
the fascia with multiple shallow strokes of the 
blade. This technique provides better control of 
the depth of incision and lessens the likelihood of 
injury to the underlying intestine. 
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 As a general strategy easily separate adhesions 
should be divided before attacking the more 
diffi cult or dense adhesions. This approach often 
allows for better exposure of the more diffi cult 
adhesions and can provide differing avenues to 
better defi ne planes surrounding the more severe 
adhesions. Also as a general rule it is best to stay 
within the natural surgical planes whenever 
possible. The old adage of “it’s better to leave 
fascia on the bowel than leave bowel on the fas-
cia” may be true, but it is even better to stay in the 
correct plane for a clean dissection. Adequate 
visualization is key to the safe management of 
intra- abdominal adhesions and dividing tissue 
without clear visualization of the surgical plane is 
to be avoided. Minimizing blood loss that may 
obscure the visibility of the point of dissection is 
critical. This can best be accomplished by staying 
within the natural surgical planes to avoid injury 
to small blood vessels. When necessary, judi-
cious use of electrocautery can be employed. 
For diffi cult cases it is ideal to have an experi-
enced fi rst assistant who can appropriately adjust 
the lighting and provide exposure through effec-
tive retraction, and who is skilled at using the 
suction device to keep the point of dissection 
clear of blood and fl uids. 

 Oftentimes with even a small amount of blood 
loss, the tissues can become stained with blood 
making it diffi cult to discern the correct surgical 
plane or path. Under these circumstances simply 
washing the area with a stream of irrigation can 
improve the contrast between the planes and 
allow for safe dissection. A technique that is 
often useful to facilitate dissection of diffi cult 
adhesions is that of hydrodissection [ 24 ]. With 
this technique saline is gently injected into the 
surgical planes (Fig.  18.1 ). This provides an 
effect that is essentially an artifi cially induced 
edema of the adhesions and it separates adhered 
structures so that the plane of dissection can be 
more easily seen. This technique is useful in 
exposing surgical planes in mild or moderately 
dense adhesions but unfortunately it is not effec-
tive for the most severe adhesions where structures 
are fused together and the planes are obliterated 
by fi brosis.    

    Perioperative Morbidity 

 Available data comparing the risk for postopera-
tive complications for patients undergoing resec-
tion for primary Crohn’s disease versus those 
undergoing resection for recurrent disease is 
somewhat limited. Most studies regarding the 
surgical outcomes for patients with Crohn’s dis-
ease combine data for primary and recurrent dis-
ease cases. Heimann et al. looking at 74 patients 
undergoing resection for recurrent disease found 
that on average patients with recurrent disease 
required shorter resections (60 cm vs. 46 cm), 

  Fig. 18.1    Severe postoperative adhesions in a patient 
with recurrent Crohn’s disease ( a ). Hydrodissection ( b ) is 
utilized to separate the small bowel from the abdominal 
wall ( c ) and thus facilitate the lysis of adhesions. 
(Reprinted with permission from the University of 
Chicago Colorectal Surgery Archives)       

 

18 Recurrent Crohn’s Disease: Surgical Treatment



242

and were more likely to require an ileostomy [ 25 ]. 
These patients also had an increased risk for 
requiring a blood transfusion, however, overall 
outcomes were similar between patients undergo-
ing surgery for primary disease and those under-
going surgery for recurrent disease. Brouquet 
et al. reported a case control study comparing 
ileocolonic resection for recurrent Crohn’s dis-
ease (54 patients) versus primary ileocecal 
resection for Crohn’s disease (57 patients) [ 26 ]. 
They reported a signifi cant increased risk for 
postoperative complications in the recurrent 
group primarily from an increase in the risk for 
intra-abdominal abscess. Other studies that have 
compared the morbidity associated with recurrent 
versus primary Crohn’s disease are limited to lap-
aroscopic surgery and these studies have not 
shown a signifi cant difference in the risk for 
perioperative complications [ 18 ,  19 ,  21 ]. Overall 
it appears that the risk for perioperative compli-
cations for patients undergoing surgery for recur-
rent disease is similar to those undergoing surgery 
for primary disease.  

    Summary 

 A large number of operations performed for 
Crohn’s disease are undertaken in patients for 
recurrent disease. This poses special challenges 
that must be considered in the overall manage-
ment of patients with Crohn’s disease and the 
recurrent nature of Crohn’s disease must always 
be kept in mind from the outset of surgical 
treatment.     
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               Musculoskeletal Manifestations 

 Musculoskeletal manifestations in CD patients 
are common (Table  19.1 ). In population-based 
European infl ammatory bowel disease (IBD) 
cohorts, the prevalence of any musculoskeletal 
symptom was 36 % in Crohn’s disease.

      Sacroiliitis and Ankylosing 
Spondylitis 

 Axial arthropathies are common in CD (5–22 %) 
patients. Axial arthropathies are independent of 
CD activity and sometimes can present prior to 
the diagnosis of CD. Patients can be asymptomatic 
or have lower back pain and morning stiffness. 
Patients with sacroiliitis are frequently asymp-
tomatic, even when infl ammation is detected on 
plain fi lm or MRI in the sacroiliac joints. A small 
percentage of these patients do progress to anky-
losing spondylitis which results in infl ammation 
of vertebral joints and ligaments (Fig.  19.1 ). The 
HLA-B27 genotype appears to increase the risk 

of progression to ankylosing spondylitis in these 
patients. There is a strong link between CD and 
ankylosing spondylitis. Up to 10 % of patients 
with IBD have ankylosing spondylitis. 
Interestingly, up to 70 % of patients with anky-
losing spondylitis will have clinically asymptom-
atic ileitis on colonoscopy. Of these patients, 
5–10 % are eventually diagnosed with IBD 
(whether UC or CD). The genetic link, HLA B27, 
is thought to play a major role. Moreover, there is 
a threefold increase risk of fi rst degree relatives 
of patients with ankylosing spondylitis develop-
ing IBD [ 1 ].  

 The gold standard for diagnosing axial 
arthropathies is MRI, since it detects lesions that 
may not be apparent on plain fi lm. The disease 
course of axial arthropathies, especially ankylos-
ing spondylitis, is progressive despite the under-
lying CD activity. Treatment involves aggressive 
physical therapy, pain management, and anti- 
infl ammatory agents such as nonsteroidal anti- 
infl ammatory drugs (NSAIDs). Anti-TNFα 
agents (infl iximab, adalimumab, etanercept, and 
golimumab) are indicated in patients who do not 
respond to conservative treatment. Caution is 
advised in using NSAIDs since they can exacer-
bate underlying CD.  

    Peripheral Arthritis 

 Type I arthropathy is an oligoarticular arthritis, 
involving less than fi ve joints. Patients present 
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with swollen, tender joints with limited move-
ment. Plain fi lms usually do not reveal joint 
destruction and this arthropathy is not associated 
with long-term sequelae. The peripheral arthritis 
parallels the underlying CD activity, and there-
fore medical or surgical treatment of the luminal 
CD results in improvement of the peripheral 
arthritis. It is most common in those patients with 
colonic CD involvement. 

 Type II arthropathy is a chronic, symmetric 
polyarthritis that mimics rheumatoid arthritis 
although the rheumatoid factor is negative in 
these patients. Type II arthropathy is independent 
of underlying CD; therefore, this arthropathy can 
be active even in the setting of quiescent CD. 

Treatment consists of physical activity, pain 
management, anti-infl ammatory agents, sulfasala-
zine, and oral or intra-articular corticosteroids. 
Methotrexate and anti-TNFα agents have also 
been used successfully in refractory cases [ 2 ].  

    Osteopenia and Osteoporosis 

 A decrease in bone mineral density is common in 
CD patients. The prevalence of osteoporosis in 
all patients with IBD is roughly 15 %. The cause 
of bone loss is multifactorial and could be a result 
of circulating cytokines increasing bone resorp-
tion, malabsorption of calcium and vitamin D, 
use of corticosteroids, cigarette smoking, and low 
level of physical activity. 

 The American Gastroenterological Associa-
tion (AGA) guidelines recommend dual energy 
X-ray absorptiometry (DXA) screening in IBD 
patients with one or more risk factors: postmeno-
pausal, history of vertebral fractures, chronic 
systemic corticosteroid use, male >50 years of 
age, or hypogonadism. If the initial DXA is 
normal, the AGA recommends repeat testing in 
2–3 years [ 3 ]. 

 Treatment for osteopenia includes regular 
weight-bearing exercise, minimizing corticosteroid 
use, smoking cessation, and calcium (1,500 mg 
daily) and vitamin D (400–800 IU daily) supple-
mentation. Patients with osteoporosis should 
be referred to an endocrinologist and are often 
treated with bisphosphonates, calcitonin, or 
recombinant parathyroid hormone.   

    Ocular Manifestations 

 Eye manifestations occur in 2–5 % of CD patients 
and should prompt a rapid referral to an ophthal-
mologist to accurately diagnose and treat the 
underlying ocular disease (Table  19.2    ).

      Anterior Uveitis 

 Anterior uveitis (including iritis) presents as acute 
or chronic changes in vision, photophobia, redness 

   Table 19.1    Musculoskeletal manifestations of CD   

 Spondyloarthropathy  Metabolic bone disease 
  Axial skeleton    Osteopenia and 

osteoporosis 
   Sacroiliitis   Osteomalacia 
   Ankylosing spondylitis   Osteonecrosis 
  Peripheral 
   Type 1: oligoarticular 
   Type 2: polyarticular 

  Fig. 19.1    Sacroiliitis with signs of spondyloarthropathy 
in the lower thoracic and lumbar spine       
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of the eye, and ocular pain. The acute form of 
anterior uveitis is associated with HLA B27 in 
50 % of patients. In these patients who are HLA 
B27 positive, the uveitis may not parallel CD 
activity. The chronic form of anterior uveitis is 
not associated with HLA B27 and often improves 
with treatment of the underlying CD [ 4 ]. 

 CD patients with changes in vision should be 
seen by ophthalmology promptly to undergo a 
slit-lamp exam. Leukocytes are seen in the aque-
ous humor of the anterior chamber on slit-lamp 
examination. Treatment should be instituted to 
prevent complications and permanent vision loss. 
Treatment with topical or systemic steroids, 
immunomodulator therapy, and anti-TNFα agents 
has been successful.  

    Scleritis and Episcleritis 

 Patients with episcleritis or scleritis present with 
acute hyperemia and burning of the eye. Vision is 
usually intact in patients suffering from episcleri-
tis. Scleritis is a more severe condition and may 
impair vision. Prompt evaluation by an ophthal-
mologist should be done to accurately diagnose 
the underlying eye disease and institute appropri-
ate therapy, preventing long-term vision loss. 
Episcleritis and scleritis generally present before 
or during fl ares of CD, and improve with treat-
ment of the underlying CD and topical steroids 
and/or oral steroids.   

    Dermatologic Manifestations 

 Numerous skin disorders have been associated 
with CD (Table  19.3 ). The two most common 
skin disorders are erythema nodosum (EN) and 
pyoderma gangrenosum (PG).

      Erythema Nodosum 

 Erythema nodosum (EN) is a skin disorder char-
acterized by subcutaneous fat tissue infl amma-
tion. It is associated with many other conditions 
including infections ( Yersinia,  tuberculosis, 
coccidioidomycosis, histoplasmosis, and blasto-
mycosis), autoimmune disorders (sarcoidosis 
and Behcet’s disease), medications, and IBD. 
The incidence of EN in IBD patients is higher in 
CD compared to patients with UC, and in females, 
ages 24–40 years of age. The prevalence of EN in 
CD patients is 2–6 %. 

 EN presents as painful, tender, subcutaneous, 
erythematous nodules on the lower extremities, 
most commonly in the pretibial areas (Fig.  19.2a ). 
Diagnosis is based on clinical history. EN paral-
lels the underlying CD activity (present during 
fl ares of disease) and therefore responds to the 
treatment of the underlying CD. EN is typically 
treated with systemic steroid therapy, and in 
refractory cases dapsone, cyclosporine, and anti- 
TNFα agents have been effective. Supportive 
care for EN includes stockings, elevation of legs, 
and bed rest. Once treated, these lesions do not 
result in permanent sequelae.   

    Pyoderma Gangrenosum 

 Pyoderma gangrenosum (PG) is a rare, ulcerating, 
neutrophilic dermatosis with a prevalence of 1–6 % 
in CD patients. The pathophysiology of PG is 
poorly understood. Dysfunction of the immune 
system’s neutrophil activity is thought to be the 
underlying mechanism. It is characterized by 
necrosis and ulceration of the skin, predominately 

   Table 19.2    Ocular manifestations in CD   

 Infl ammatory  Steroid-induced 
  Anterior uveitis   Glaucoma 
  Scleritis   Cataracts 
  Episcleritis 
  Retinitis 

   Table 19.3    Dermatologic manifestations of CD   

 Common  Rare 
   Pyoderma 
gangrenosum 

   Bowel-associated dermatosis- 
arthritis syndrome 

  Erythema nodosum   Sweet’s syndrome 
  Psoriasis   Epidermolysis bullosa acquisita 
   Cutaneous Crohn’s 
disease 

  Pyostomatitis vegetans 

  Aphthous stomatitis    Mucosal cobblestoning of 
buccal mucosa and palate 
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affecting the lower extremities. Twenty to fi fty 
percent of lesions occur in areas of trauma 
(e.g., around stomas). The lesions are typically 
multiple and recur (Fig.  19.2b ). Lesions start as a 
tender nodule, plaque, or pustule, and often 
enlarge and erode to become a sharply margin-
ated ulcer with surrounding erythema. The skin 
and subcutis becomes necrotic, friable, hemor-
rhagic or purulent, with changes extending into 
the musculature. 

 PG can be classifi ed into fi ve subtypes: classic 
(ulcerative), bullous, peristomal, vegetative, and 
pustular PG. The most common subtype in CD is 
classic and peristomal PG. Diagnosis of PG is 
based on clinical history and exam. Diagnosis is 
reached if a patient meets the following criteria: 
two major criteria (rapid progression of lesion 

and exclusion of other causes) and two minor cri-
teria (pathergy, systemic disease associated with 
PG, histology suggestive of neutrophilic derma-
tosis, and rapid response to steroid treatment). 

 PG may or may not parallel CD disease activity. 
In a cohort of 60 IBD patients with PG, only 58 % 
had active luminal disease, highlighting that over 
40 % of patients did not have active IBD at the 
time they were experiencing PG lesions [ 5 ]. 
In another cohort study of 270 CD and 125 UC 
patients including 37 patients with PG or EN, 
predictors of PG or EN included female sex, 
younger age, CD, presence of other extraintestinal 
manifestations, and previous biologic therapy [ 6 ]. 

 The goal of treatment is to control infl amma-
tion of the wound, reduce pain, optimize wound 
healing, and minimize exacerbating factors. 

  Fig. 19.2    ( a ) Tender, 
erythematous, subcutane-
ous nodules on lower 
extremities. ( b ) Ulcerated 
lesion with a purulent and 
necrotic base extending 
into the subcutaneous fat. 
( c ) Well-demarcated, 
erythematous, scaly 
plaques on the lower 
extremity          
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Any underlying luminal disease should be treated. 
Limited small, and slowly progressive PG lesions 
can be treated with combination therapy includ-
ing topical agents (steroids or tacrolimus), intral-
esional agents (steroids), and/or systemic agents 
(steroids, dapsone, or cyclosporine). Large, rap-
idly progressive lesions should be treated with 
systemic therapy (steroids, cyclosporine, anti- 
TNFα agents, or ustekinumab) with concomitant 
therapy (azathioprine, methotrexate, mycophe-
nolate mofetil, topical or intralesional steroids).  

    Psoriasis 

 Psoriasis occurs in up to 10 % of CD patients. 
The rash, which may involve any area of the 
body, is characterized by red, scaly papules, and 
plaques (Fig.  19.2c ). Psoriasis does not parallel 
CD activity and is often diagnosed prior to the 
development of CD. 

 Treatment includes topical agents (steroids, 
coal tar, retinoids, and vitamin D analogues), 
phototherapy, and systemic agents (methotrexate, 
retinoids, cyclosporine, anti-TNFα agents, and 
ustekinumab). 

 With increased use of anti-TNFα agents, par-
adoxical development of de novo psoriasis 
has been increasingly reported. Most patients 
respond to discontinuation of anti-TNFα agents 
and treatment with topical or systemic agents. 
Not all patients develop recurrent de novo pso-
riasis when switching to a different anti-TNFα 
agent [ 7 ].  

    Cutaneous Crohn’s Disease 

 Cutaneous Crohn’s disease is a rare condition 
associated with CD. It presents as subcutaneous 
nodules, plaques, or ulcers involving the lower 
extremities and intertriginous areas. Diagnosis is 
based on clinical suspicion in the setting of 
underlying CD, however it requires histological 
confi rmation. Biopsies show noncaseating granu-
lomas with multinucleated giant cells in the 
dermis surrounded by lymphocytes, plasma cells, 
and eosinophils. Cutaneous Crohn’s disease does 

not parallel CD activity. It is usually diagnosed in 
those with colonic CD and is rarely the fi rst man-
ifestation of CD. Treatment includes topical and 
systemic steroids, immunomodulators, and anti- 
TNFα agents.   

    Hepatobiliary Manifestations 

    Hepatic Manifestations 

 There are few conditions affecting the liver in 
patients with CD. Although rare, autoimmune 
hepatitis has been reported in CD patients. The 
majority of these cases are associated with AIH/
PSC overlap syndromes. Granulomatous hepatitis 
is also rare, but does occur. These cases are 
thought to be idiopathic and may be associated 
with mesalamine and sulfasalazine use. Other 
medications, including corticosteroids and 
immunomodulators, can cause liver toxicity or 
steatosis. A careful review of medications should 
be performed in any CD patient found to have an 
elevation in liver enzymes (Table  19.4 ).

       Biliary Manifestations 

 Primary sclerosing cholangitis (PSC) is a chronic 
cholestatic disease affecting intra- and extra- 
hepatic bile ducts resulting in infl ammation and 
fi brosis of the biliary tree. PSC is most common 
in UC patients, but can be seen in patients with 
CD as well. The prevalence of PSC ranges from 
1.2 % to 3.4 % in CD. PSC can present before or 
after the diagnosis of CD. CD patients with ele-
vated liver enzymes, particularly an elevated 
alkaline phosphatase, should undergo evaluation 
for PSC with MRCP (Fig.  19.3 ).  

   Table 19.4    Hepatobiliary manifestations of CD   

 Hepatic  Biliary 
  Autoimmune hepatitis   Primary sclerosing cholangitis 
   Granulomatous 
hepatitis 

  Primary biliary cirrhosis 

  Steatosis   Cholelithiasis 
   Drug-induced liver 
injury 

  Cholangiocarcinoma 
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 PSC activity is independent of the underlying 
CD. Even in the setting of quiescent CD, PSC 
can progress. PSC patients with progressive liver 
disease can develop cirrhosis and often require 
liver transplantation. Interestingly, one study 
showed that colectomy in UC patients prior to 
liver transplantation prevented recurrent PSC 
post-transplant [ 8 ]. 

 Patients with CD are twice as likely to develop 
cholelithiasis compared to the general population 
with a prevalence of 11–34 %. CD patients are 
likely at risk for cholelithiasis due to higher bile 
salt concentration (due to ileal infl ammation or 
resection leading to impaired enterohepatic 
cycling of bile salts), decrease in gallbladder 
motility, and more frequent use of total parenteral 
nutrition.   

    Neurologic Manifestations 

    Peripheral Neuropathy 

 Peripheral neuropathy is the most common neu-
rological manifestation in CD (prevalence of 
8.3–39 %). Etiologies include immune-mediated 
neuropathy, vitamin B12 defi ciency, and 
metronidazole- induced neuropathy. Immune- 
mediated neuropathy includes chronic infl amma-
tory demyelinating polyneuropathy, large fi ber 
axonal polyneuropathy, and small fi ber neuropa-
thy [ 9 ]. Peripheral neuropathies are infrequently 

related to CD disease activity and usually do 
not respond to treatment of underlying CD. 
Demyelinating polyneuropathies are typically 
treated with intravenous immunoglobulins, plas-
mapheresis, or prednisone. CD patients with 
signs and symptoms of a possible neuropathy 
should undergo electromyography and nerve 
conduction studies with the guidance of neurol-
ogy (Table  19.5 ).

       Demyelinating Disorders 

 Epidemiological studies have suggested an asso-
ciation between CD and multiple sclerosis (MS). 
Population-based studies have showed an 
increased risk of MS in CD patients [ 10 ]. 
Incidental focal white matter lesions are also 
reported more frequently in patients with CD than 
the general population (Fig.  19.4 ). Possible expla-
nations of this association include a brain–gut 
interaction, shared genetic susceptibility, and sim-
ilar environmental risk factors of disease (smok-
ing, higher socioeconomic status, vitamin D 
defi ciency, and colder climates). MS has also 
been reported in CD patients treated with anti- 
TNFα agents. However, there are no conclusive 
studies showing that anti-TNFα agents cause MS.   

    Cerebrovascular Disorders 

 Young CD patients (<50 years of age) have an 
increased incidence of cerebrovascular accidents 
compared to the general population. Most of 
these events are noted in patients with active CD, 
usually in the postoperative state, and may arise 
from arterio-arterial embolism, cardioembolism, 
and in situ cerebral thrombosis [ 11 ]. Patients 
with CD are also at risk for cerebral sinus vein 
thrombosis.  

  Fig. 19.3    MRCP showing irregular, dilated, and thick-
ened intrahepatic ducts       

   Table 19.5    Neurological manifestations of CD   

 Neurologic manifestations 
  Peripheral neuropathy 
  Demyelinating disorders 
  Cerebrovascular disorders 
  Medication-induced neurological manifestations 
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    Medication-Induced Neurological 
Manifestations 

 Metronidazole is frequently used for perianal 
CD. Metronidazole has been associated with 
peripheral neuropathy and pure sensory or auto-
nomic neuropathy. The neuropathy is usually tran-
sient and resolves upon discontinuing the drug. 

 Natalizumab is an anti-a4-integrin monoclo-
nal antibody used in the treatment of refractory 
CD. Natalizumab has been associated with pro-
gressive multifocal leukoencephalopathy (PML). 
PML is a rare and usually fatal viral (JC virus) 
disease that results in infl ammatory demyelin-
ation of the CNS white matter resulting in perma-
nent weakness or paralysis, vision loss, impaired 
speech, and cognitive deterioration. Diagnosis is 
made by performing a JC virus PCR of the cere-
brospinal fl uid. Patients should be risk-stratifi ed 
prior to using natalizumab for their CD. Prior 
immunosuppressive medications, JC virus posi-
tive serum antibody, and duration of natalizumab 
use are all factors that increase the risk of 
natalizumab- induced PML [ 12 ]. 

 Central demyelinating diseases (optic neuritis 
and MS) and peripheral neuropathy have been 
associated with the use of anti-TNFα agents [ 13 ]. 
While an increased incidence of central and 
peripheral demyelinating diseases has been 
described in patients with CD, it is not entirely 
clear if anti-TNFα agents cause demyelinating 
disease, increase the risk of developing demye-
lination, or unmask subclinical central/peripheral 
demyelination in genetically susceptible individ-
uals. Current guidelines recommend discontinu-
ing anti-TNFα agents in patients with neurological 
symptoms found to have demyelination.   

    Hematologic Manifestations 

 Anemia is common in patients with CD. The 
underlying etiology may be multifactorial and 
includes iron defi ciency, vitamin B12 defi ciency, 
folate defi ciency, and anemia of chronic disease. 
Autoimmune hemolytic anemia, myelodysplastic 
syndrome, and promyelocytic leukemia are rare 
associations with CD (Table  19.6 ).

       Thromboembolic Manifestations 

 Patients with CD have a markedly increased risk 
of acute mesenteric ischemia. They are also at 
risk for myocardial infarction and stroke [ 14 ]. 

 CD patients are at an increased risk of sus-
taining venous thromboembolisms compared to 
the general population. CD disease activity is 
an independent risk factor for venous thrombo-
embolisms [ 15 ]. Current guidelines strongly 

  Fig. 19.4    MRI of the head showing focal white matter 
lesions       

   Table 19.6    Hematologic mani-
festations of CD   

 Hematologic manifestations 
  Anemia 
   Iron defi ciency 
   Vitamin B12 defi ciency 
   Folic acid defi ciency 
   Anemia of chronic disease 
   Autoimmune hemolytic anemia 
  Myelodysplastic syndrome 
  Promyelocytic leukemia 
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recommend venous thromboembolism prophylaxis 
in acutely ill CD patients admitted to the hospital 
(Table  19.7 ).

       Cardiopulmonary Manifestations 

 Various cardiopulmonary manifestations have 
been associated with CD (Table  19.8 ). 
Pneumonitis and pericarditis are also a rare side 
effect of treatment with 5-aminosalicylates.

       Renal Manifestations 

 Calcium oxalate stones are commonly seen in 
CD patients with small intestinal infl ammation or 
resection resulting in an increase of oxalate 
absorption in the colon [ 16 ]. Tubulointerstitial 
nephritis is a rare but serious side effect of 
5- aminosalicylates. Renal function should be 
monitored periodically in patients on 5- 
aminosalicylates (Table  19.9 ).

       Pancreatic Manifestations 

 The most common cause of acute pancreatitis in 
CD patients is a result of treatment with azathio-
prine, 6-mercaptopurine, and 5-aminosalicy-
lates. Rarely, acute pancreatitis is a result of CD 
involving the pancreas itself or the duodenum, 
leading to swelling, scarring, and obstruction of 
the ampulla of Vater. Autoimmune pancreatitis 
has been increasingly recognized in patients 
with CD [ 17 ] (Table  19.10 ).
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         Despite advances in medical therapy for Crohn’s 
disease (CD) surgical intervention is still 
required for many patients. Patients with colonic 
or perianal disease may require a proctocolec-
tomy. An end ileostomy is recommended since 
refractory colonic disease frequently involves 
the rectum, limiting the possibilities of restor-
ative surgery [ 1 ]. For some patients with Crohn’s 
disease a temporary loop stoma may be created. 
Permanent or temporary, the creation of a stoma 
can be frightening to a patient living with 
Crohn’s disease. A recent study by Krouse et al. 
[ 2 ] found that coping and acceptance were the 
most common issues that a person with an 
ostomy described as their greatest challenge. 
The health care team can offer care coordination 
to help provide the CD patient with the tools 
needed to make the adjustment. The team mem-
bers should include: surgeons, wound ostomy 
and continence nurses, infl ammatory bowel dis-
ease (IBD) physicians, and the patient and their 
support members. This chapter will cover the 
pre-operative preparation of the patient antici-
pating ostomy surgery, stoma site marking, 

stoma creation considerations, post-operative 
care, pouching systems, post discharge care, and 
stoma and peristomal complications. 

    Pre-operative Preparation 

 When helping to prepare a patient to live with a 
stoma, there are several considerations. The 
patient and their support (family, signifi cant other, 
etc.) should receive a thorough explanation of the 
surgical procedure, information on how a stoma is 
managed and the adjustments they will need to 
make and the stoma site should be chosen before 
the surgical procedure. If at all possible the pre-
operative session should be held several days or 
weeks before the surgery to allow the patient to 
hear this information in a setting where they can 
have a discussion with the health care team. Key 
points related to the stoma will include what the 
stoma looks like, how it functions, how it will be 
managed, what skills they will need to acquire 
and answering all of their questions related to liv-
ing with a stoma. Commonly asked questions 
include: Will I have odor and will everyone know 
that I have a stoma? A brief explanation about 
odor and concealment will help to alleviate the 
fears that many people have who undergo ostomy 
surgery. There are kits that can be used during the 
pre-operative session that contain a GI anatomy 
illustration, pouches, reading material on general 
ostomy concepts as well as materials that can be 
used to site the stoma (see Table  20.1 ).
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       Pre-operative Stoma Site Marking 

 All patients who will have a stoma created should 
have the stoma site marked before surgery. The 
American Society of Colon and Rectal Surgeons 
and the Wound Ostomy and Continence Nurses 
Society have developed a consensus statement of 
the value of pre-operative stoma site marking    [ 3 ]. 
The consensus statement supports the need for 
pre-operative stoma site marking and provides a 
template for the selection of the proposed stoma 
site to be used by the clinician marking the stoma 
site. Person et al. [ 4 ] evaluated the impact of pre- 
operative stoma site marking on patients and 
reported an improved quality of life, an increase 
in independence and a reduction in the post- 
operative complications in the population that 
had their stoma site marked before the surgical 
intervention. Pre-operative stoma site marking 
has also been associated with less diffi culty 
adjusting to an ostomy and with less post- 
operative ostomy complications [ 5 ,  6 ].  

    Stoma Site Selection 

 Once the procedure has been explained to the 
patient, examine the patients’ abdomen in a sit-
ting position fully clothed (feet on the ground). 
Note the presences of belts, or other devices 
near or on the abdomen such as a brace. Ask the 
patient if they need to wear special equipment 
such as tool belt or a uniform that may use a belt 
on or around the mid abdomen. Observe for 
creases, scars, folds and overall abdominal con-
tours. Be sure the patient’s abdomen is relaxed; 
encourage a deep breath and that will slowly 
release tension to provide muscle relaxation. 
The ideal spot will be 2–3 in. that remain fl at in 
all positions and on which a pouching system 
adhesive can be placed. If the stoma is placed in 
or near a crease, the pouching system adhesive 
will crease and cause a break in the seal with 
leakage. Determine the location of the rectus mus-
cle as placement within the rectus muscle may 
prevent the development of a peristomal hernia. 

   Table 20.1    Pre-operative ostomy teaching kits      

 Source  Product description  Use 

 American College of Surgeons 
   https://www.facs.org/education/
patient-education/skills- programs/
ostomy-program     
 • Available to college members 

free of charge 
 • Available from Coloplast 

(manufacturer of ostomy products 
contained in kit).   www.coloplast.
com     

  Home ostomy skill kit  
 Topics covered: 
 • Your operation 
 • Pouching systems 
 • Emptying 
 • Changing 
 • Problem solving 
 • Life with an ostomy 
 Includes: 
 • A booklet with information on the 

operation, home skills such as 
emptying and changing a pouch, 
problem solving, and home 
management 

 • A DVD with demonstration of each skill 
 • Stoma practice model 
 • Stoma supplies (measurement guide, 

marking pen, scissors, sample pouch) 
 • Ostomy self-care checklist 

 Can be used as part of 
pre-operative teaching 
session, kit can be sent home 
for the patient to work on 
skills before surgery 

 Hollister, Inc. 
   www.hollister.com     
 Available from Hollister 
representative 

  Pre-operative kit  
 Topics covered: 
 • What is an ostomy 
 • How is it managed 
 • Image of pouches/stoma 
 Includes: 
 • Two pouches 
 • Marking pen 
 • Educational booklet 

 Can be used as part of 
pre-operative teaching 
session, pouch can be used 
to determine stoma site, pen 
to mark stoma site. Booklet 
and pouches can be sent 
home with patient to practice 
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Once a proposed stoma site is determined, place 
a light pen mark in the area and ask the patient 
to stand, bend forward, and lay fl at. Watch the 
contours of the abdomen in the area of the stoma 
mark in all of these positions. If there are domi-
nant creases, consider another location. While 
standing, ask the patient if they can see the pro-
posed site and do the same in sitting position. 
It is important that the patient easily see and 
access the stoma site to achieve independence in 
stoma care. While it is ideal that the stoma site 
not be at the belt line, in many cases this may be 
the best location and the patient can be instructed 
in ways to wear a belt over the pouching system. 
Once the site has been chosen, use a surgical 
marking pen to create a round circle and cover 
with a transparent dressing. For many patients 
an ideal site can be at the apex of the infra-
abdominal bulge. However for the patient with 
an obese abdomen they may not see the lower 
abdomen and an upper abdominal site may be 
visible and has less adipose tissue in which to 
bring up the intestine. In some cases it may be 
necessary to choose more than one site. 
Numbering the sites to identify the preferred 
site is helpful. In situations where there are lim-
ited sites (previous surgeries with scarring, sig-
nifi cant weight loss creating folds and creases) 
it may be helpful to identify creases with a dot-
ted pen marked line (in order to avoid if at all 
possible). Patients who are wheelchair depen-
dent should have their stoma site marked sitting 
in their chair and the site maybe easier for self-
care if in the upper abdominal quadrant. In a 
situation in which the patient will have two sto-
mas, it is preferable not to have both stomas on 
the same abdominal plane, because a belt may 
need to be worn for at least one pouch and if the 
stomas are on the same plane it may prevent the 
use of a pouching system belt used for pouch 
adherence. Marking the pregnant patient can be 
a challenge since the pregnant abdomen is a 
temporary size and shape and if the stoma is to 
be permanent it maybe best to consider a site 
between the umbilicus and the lower abdominal 
fold knowing (and being sure to let the patient 
know) that they may need help placing the pouch-
ing system until after the end of the pregnancy. 

Choosing a site while the patient is on the operating 
table is a challenge, once the rectus muscle is 
identifi ed, the abdominal area can be pinched to 
determine the infra-umbilical bulge, or the 
abdominal tissue pushed upward and down to 
look for natural creases or folds.  

    Stoma Creation 

 A stoma should protrude above the skin 2–3 cm 
after eversion to allow the stoma effl uent to drain 
into the pouching system [ 7 ,  8 ]. A stoma that is 
leveled with the pouch adhesive will cause seal 
issues as the stoma output can undermine the seal 
causing leakage and skin irritation [ 9 ]. There has 
been some discussion that a colostomy could 
have less protrusion but that is not advisable in 
the patient with Crohn’s disease as the stoma out-
put can be liquid and cause pouch seal issues. 

 An ileostomy is the preferred fecal diversion 
because the stoma output varies from pasty to 
watery and can easily be emptied from the pouch 
with little diffi culty. A transverse colostomy is a 
large stoma usually located above the umbilicus 
making concealment and management diffi cult, 
the stool is odoriferous. A left sided stoma can 
have pasty to formed stool making it diffi cult for 
easy drainage from the pouch with odor. The 
preferable stoma would be a small bowel stoma.  

    Postoperative Care 

 In the postoperative period a clear drainable cut 
to fi t pouch should be used. A cut to fi t pouch 
allows the user to cut the skin barrier on the 
pouch the same size and shape as the stoma to 
provide skin protection. As the stoma heals and 
the postoperative edema subsides the opening in 
the skin barrier can be changed to match the size 
of the stoma. If and when the stoma becomes 
round a precut skin barrier can be used. A clear 
pouch allows the staff to assess the stoma for 
color and presence of stoma function (gas and 
effl uent). The fi rst indication of return of bowel 
function will be the presence of gas in the pouch 
and this will be evident by gently pressing on the 
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pouch to see if gas has been trapped in the pouch. 
If the pouching system does not have a secure 
seal, the gas will exit the pouch, causing odor and 
preventing an important post-operative observa-
tion. The pouch should be placed in the operating 
room, an opening made in the skin barrier to 
match the stoma size and the seal should be 
secured upon application. 

 Education on self-ostomy care should begin as 
soon as the person is able to participate and in 
most cases this should be the fi rst day after sur-
gery. With average length of stay 6 days, teaching 
should start immediately after surgery. The 
patient’s identifi ed support person should be pres-
ent for the education as it may be diffi cult for the 
patient to retain all of the information on self- 
care. The patient will need to acquire two skills, to 
empty the pouch and to change the pouch. All 
patients or a designated person should know how 
to empty the pouch before discharge. The pouch 
is emptied when 1/3rd full and for a person with 
an ileostomy this would be 5–6 times a day. The 
routine wear time for a    pouching system is 4 days 
and while it is ideal that the patient knows how to 
and feels confi dent that they can change the pouch 
before discharge this is unlikely. They should 
have participated in at least one pouch change 
prior to discharge and in most cases should have a 
home care nursing service arranged that can con-
tinue lessons until they return to the stoma clinic. 

 In the postoperative period the patient will 
encounter a large volume of gas as bowel func-
tion returns. Because of stoma edema the gas will 
make noise causing the patient to distress as they 
may think that the gas amount, volume, and noise 
will be present moving forward. They need to 
understand that the volume of gas after abdomi-
nal surgery is large and will decrease signifi -
cantly and that once the post-operative stoma 
edema decreases there should be no noise from 
their stoma when gas is released.  

    Pouching Systems 

 A pouching system consists of the pouch and any 
accessory products used to secure the pouch to 
the skin. A pouch has the following components: 

a skin barrier, outer water resistant adhesive, the 
pouch, and a closure. All pouching systems are 
odor proof when correctly applied. The skin bar-
rier is the most important part of the pouching 
system as it provides the seal of the system to the 
skin and protects the skin. The skin barrier is 
composed of several materials including adhe-
sives and a hydrocolloid. The hydrocolloid will 
slowly absorb moisture from both the skin and 
the stoma and over time will erode the adhesive 
seal, and when this occurs the pouching system 
will need to be changed. The erosion of the 
hydrocolloid occurs faster in the presence of 
moisture such as in a moist humid environment 
or in the presence of a high liquid stoma output. 
Once the hydrocolloid signifi cantly erodes, the 
seal becomes inadequate, allowing stoma effl uent 
to make contact with the skin and causing pouch-
ing system adhesive failure. For most fecal sto-
mas wear time (the time between pouch 
application and erosion of the pouch seal) is 
4 days [ 10 ]. Frequent removal can cause skin 
stripping from the aggressive adhesive, allowing 
the seal to stay in place for a prolonged period of 
time can cause skin exposure to the stoma output 
and cause skin damage. Wear time is determined 
by examining the skin barrier on a removed 
pouch to determine if the erosion was excessive 
(the skin barrier next to the stoma will appear dis-
colored and soft). Based upon the degree of ero-
sion, a wear time is determined. 

 Skin barriers are available in cut to fi t, precut 
or moldable; the opening in the skin barrier 
should match the size and shape of the stoma 
(round opening to round stoma, oval opening for 
oval stoma) [ 11 ]. A second characteristic of a 
skin barrier is the shape, fl at or convex (referring 
to the back of the skin barrier, the adhesive sur-
face toward the skin.) There are several consider-
ations when deciding when to use a fl at or convex 
skin barrier. The peristomal skin should be exam-
ined when the person is laying, standing, and sit-
ting. The area is examined for the presence of 
creases and/or folds. If the area around the stoma 
is fl at in all positions, a fl at barrier should be 
successful in maintaining the skin barrier seal [ 9 ]. 
If creases and folds are found, these can compromise 
the seal and a convex barrier can help to fl atten 
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the creases. The convex shape can help to keep the 
peristomal skin fl at to enhance the seal. A second 
consideration for the use of convexity would be a 
stoma that does not protrude above the skin bar-
rier causing a seal problem (the stoma effl uent 
discharges under the skin barrier) [ 12 ]. A convex 
adhesive can apply pressure directly around the 
stoma to help with stoma protrusion. A third con-
sideration for the use of convexity maybe when 
the lumen of the stoma is near or fl ush to the skin. 
In some cases the stoma has adequate protrusion 
but the lumen is off to the side close to the skin 
and the stoma output drains under the skin bar-
rier. The convex skin barrier can help the stoma 
lumen protrude up over the skin barrier edge. 

 Accessory items can be used to protect peris-
tomal skin and enhance the seal and include skin 
barrier paste, rings, liquid skin barriers, and 
pouch belts. The skin barrier rings and paste are 
used around the stoma to protect skin and improve 
the seal, liquid skin barriers provide a protective 
surface to protect skin from stoma effl uent, and a 
pouch belt can be used to enhance the security of 
a seal, especially with a convex skin barrier. 

 The pouch is in many ways the least important 
part of the pouching system because the skin bar-
rier is the critical component as it provides the 
seal and security. Pouches collect the stoma effl u-
ent and are available in many options including 
clear, opaque, drainable, non-drainable, various 
lengths and closures (on a drainable pouch), with 
and without a gas fi lter and as a one- or two-piece 
system. As noted above a clear pouch allows 
visualization of the stoma and the pouch contents 
and should be used in the immediate post- 
operative period and while some patients con-
tinue after discharge to use a clear pouch many 
prefer an opaque pouch. A drainable pouch is 
used for a person who needs to drain the stool 
more than twice a day and is most frequently 
used for a person with an ileostomy; a closed 
pouch can be removed and discarded when ½ 
full, and is generally indicated when a person has 
a left sided colostomy with formed less frequent 
stoma output. The length of the pouch is usually 
a patient preference a short pouch (9 in.) may 
need to be emptied more often than a regular 
length pouch (12 in.) and the length is a patient 

decision unless they have high stoma output. A gas 
fi lter (a deodorized gas vent) and pouch closures 
are again a patient preference. 

 Another pouching system choice is a one- or 
two-piece pouching system. A one-piece pouch-
ing system is constructed with the solid skin bar-
rier and the pouch as one unit, the pouch is heat 
sealed onto the skin barrier. Considerations of 
using a one-piece pouching system: a fl at peristo-
mal profi le with the pouch on as compared to 
many of the two-piece pouching systems, only a 
single seal (no risk of detachment of skin barrier 
to pouch) and the possible diffi culty of placing 
the pouch over the stoma when using an opaque 
pouch (can’t see through the pouch to center the 
skin barrier opening over the stoma) [ 13 ]. 

 A two-piece pouching system consists of a 
solid skin barrier with a fl ange that accepts the 
pouch. Considerations in using a two-piece 
pouching system: ability to center the skin barrier 
around the stoma with no pouch in place provid-
ing easy visualization, being able to change the 
pouch without removing the skin barrier, capabil-
ity to use a pouch liner, profi le of the plastic 
fl ange under clothing (the coupling mechanism 
has a slight protrusion), and security of the pouch 
and fl ange connection.  

    Post-Operative Follow-Up 

 All patients with a new stoma should have fol-
low- up in the stoma clinic 3–4 weeks after sur-
gery. This will give the ostomy nurse the 
opportunity to assess the patient’s ability to self- 
manage, to resize the stoma and make the neces-
sary adjustments to the pouching system and 
determine if the patient is working toward inte-
grating the stoma into their daily lives. Most 
patients don’t really know what to ask about liv-
ing with a stoma while in the hospital but as they 
live with a stoma they begin to look for answers 
to questions about diet, clothing, concealment, 
and return to activities such as sports, work, inti-
macy, and travel. Ongoing follow-up with the 
ostomy nurse is key to provide problem solving 
and continued surveillance. Hurlufsen et al. [ 14 ] 
examined 202 individuals with stomas and found 
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that 57 % of the participants with an ileostomy 
and 35 % with a colostomy had peristomal skin 
issues, only 38 % knew they had a problem and 
more than 80 % did not seek professional help, 
illustrating the need for continued follow-up and 
education.  

    Complications 

 Reports in the literature note that between 21 and 
70 % of all people with an ostomy will develop a 
peristomal or stoma complication [ 15 ]. The 
reports differ because of varying reporting time 
frames, lack of a standard defi nitions, and lack of 
measurement techniques. However it is clear that 
many people with a stoma will encounter stoma 
related complications. Duchesne et al. [ 16 ] exam-
ined independent predictors of stoma related 
complications and found obesity and the pres-
ence of IBD (no identifi cation of Crohn’s disease 
vs. ulcerative colitis) as risk factors for develop-
ment of stoma related complications. Carlstedt 
et al. [ 17 ] reported on stoma specifi c complica-
tions in patients with IBD and found a greater 
proportion of stoma related complications in 
patients with Crohn’s disease. The following 
complications will be presented: peristomal skin 
irritation, peristomal fi stula, peristomal pyo-
derma gangrenosum (PPG), stoma stricture, and 
high output stoma. 

  Peristomal skin irritation  (Fig.  20.1 )    is 
described as irritant contact dermatitis (ICD) or 
allergic contact dermatitis. ICD is defi ned as 
damage to the peristomal skin resulting from 
exposure to fecal effl uent or chemical prepara-
tions [ 18 ]. The etiology of ICD is a poor pouch-
ing system fi t (not matching the shape or size of 
the skin barrier opening to the stoma shape or 
size or not matching the shape of the skin barrier 
to the peristomal skin [fl at versus convex]) or 
prolonged wear time (allowing the skin barrier to 
erode and allow the stoma effl uent to contact the 
skin). Patients with diffi cult to fi t and/or poorly 
located stomas are at highest risk for developing 
skin complications [ 19 ]. Once the etiology is 
determined and corrected the skin can be treated 
with a skin barrier powder to absorb the moisture 

of the denuded skin and the area should progress 
toward healing.  

 A  peristomal fi stula  is the abnormal opening 
in or next to the stoma that drains stool. This fi nd-
ing may indicate recurrence of CD [ 20 ], either 
with active disease or a proximal stricture. 
Another cause of a peristomal fi stula can be a 
suture placed full thickness through the side of 
the stoma at the time of creation. The fi stula 
opening is either on the peristomal skin (Fig.  20.2 ) 
or on the stoma (Fig.  20.3 ). In some cases the 
patient reports peristomal tenderness accompa-
nied by erythema and warmth. This type of fi nd-
ing may indicate a peristomal abscess or the 
impending development of a peristomal fi stula. 
While the patient is worked up for disease activity, 

  Fig. 20.1    Irritant contact dermatitis: stoma output dam-
aging peristomal skin [ 28 , with permission]       

  Fig. 20.2    Stoma fi stula       
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the area that is draining the stool will need to be 
accommodated by the pouch with an opening 
created in the skin barrier to allow the stool to 
drain in the pouch. In some instances if the fi stula 
is more than 4 in. out from the stoma a separate 
pouching system will need to be used, generally 
a challenge since the two pouches can be diffi cult 
to utilize in a small area with little room for both 
adhesives.   

 PPG is a rare complication thought to be seen 
more frequently in the patient with ulcerative 
colitis than Crohn’s disease [ 21 ] (Fig.  20.4 ). The 
true incidence is unknown with only a limited 
amount of cases reported in the literature [ 22 ]. 
This infl ammatory ulcerative condition fre-

quently begins as a pustule, and quickly becomes 
a painful full thickness ulcer. The patient may 
note a sore red area on the peristomal skin and at 
the next pouch change notes a much larger area 
that has a purple area surrounding the ulcer, with 
a deep painful ulcer or ulcers, undermining and 
skin bridges. While there is no diagnostic tool to 
identify PPG, some clinicians will perform a 
biopsy to rule out other etiologies. The cause of 
PPG is unclear, thought to be related to pathergy 
(pouch adhesive skin injury) [ 21 ] and also 
thought to relate to disease activity. Topical 
treatment is aimed toward decreasing the infl am-
matory response by using topical immunomodu-
lators such as tacrolimus [ 23 ] or steroids 
(injection or paste). The challenge is to maintain 
a seal on the pouch despite a moist wet wound 
that loosens the skin barrier. To absorb the mois-
ture and assist with the seal, there are several 
options that can be considered. An alginate 
dressing can be placed into the wound base to 
absorb the excessive moisture and this can be 
covered by a thin hydrocolloid (when the mois-
ture is controlled with the alginate dressing) or a 
small piece of non- adhesive foam (for further 
moisture control when there is an overwhelming 
amount of moisture). The pouching system may 
need to be changed more often as the seal can be 
undermined by the drainage. A topical gel anes-
thetic can be used at pouch change in order to 
cleanse the wound without excessive pain. 
Systemic therapy should be considered along 
with topical therapy and can include high dose 
steroids and/or infl iximab [ 24 ]. As the area(s) 
heal, scar tissue can develop which will leave the 
area with uneven contours necessitating a change 
in the type or shape of the skin barrier.  

  Stoma stenosis  is a narrowing or contracting 
of the stoma at skin or fascial level. Stomal steno-
sis is reported in 2–15 % of the stoma and is more 
common in Crohn’s patients [ 25 ]. While it is rare 
for the stenosis to present an acute obstruction, 
the patient may initially report a “noisy stoma” 
when stool or gas passes, or pain when a high 
fi ber food is eaten. The stoma may appear to have 
retracted and when a digital exam is attempted 
the stoma lumen may not easily be digitalized. 

  Fig. 20.3    Peristomal fi stula       

  Fig. 20.4    Peristomal pyoderma       
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The stoma should be examined closely for signs 
of recurrence of disease; a referral for workup of 
recurrence of disease is warranted as the stenosis 
may refl ect infl ammatory activity [ 26 ]. 

  High stoma output  has been identified as a 
management issue for patients and clinicians 
but is poorly reported in the literature. Tilney 
et al. [ 27 ] reported in a meta-analysis four stud-
ies that included high stoma output as a compli-
cation. Dehydration from high ostomy output 
can result in early readmission, electrolyte 
imbalances, and renal impairment. Normal ile-
ostomy output (total small intestine intact) var-
ies between 1,000 and 1,200 ml/24 h. It is 
imperative that ostomy output be measured and 
recorded in the post-operative period to deter-
mine if the patient is at risk for high output. If 
high ostomy output is found, it will be important 
to rule out a partial or intermittent bowel 
obstruction (due to bowel edema), abdominal 
sepsis, enteritis (such as c diff.), or sudden drug 
withdrawal (opiates or corticosteroids). Patient 
education is key to prevent or for early identifi -
cation of dehydration as this frequently occurs 
post discharge. The plan of care may include the 
following: the use of isotonic fl uids, restriction 
of hypo and hyper tonic fl uids, dietary restric-
tions of high sugar foods and fl uids, dietary 
inclusions of starch based foods, the use of 
antidiarrheal medications [ 28 ,  29 ]   .  

    Conclusion 

 Helping a patient with a new ostomy takes a 
coordinated team approach and ongoing access 
to an ostomy nurse specialist. It is the health care 
team’s responsibility on not just “curing” the dis-
ease by removing the diseased bowel, but to help 
the patient move through the adjustment of living 
with a stoma and help them return to an optimal 
psychological and social well-being [ 2 ]. This will 
include a thorough pre-operative preparation, the 
best location and creation of the stoma, post op 
education, adequate follow-up and a program 
that provides for long-term follow-up of the per-
son with a stoma.     
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      Abbreviations 

   CD    Crohn’s disease   
  EN    Enteral nutrition   
  FODMAPS    Fermentable oligo- di-mono sac-

charides and polyols   
  IBD    Infl ammatory bowel disease   
  MSVS    Multivitamin mineral supplement   
  SCFA    Short chain fatty acids   
  TPN    Total parenteral nutrition   
  UC    Ulcerative colitis   

          Diet and Nutrition in the Treatment 
of Crohn’s Disease 

 Chronic infl ammatory disorders such as CD 
affect the intestinal tract and digestive system in 
a myriad of ways that can lead to suboptimal 
nutrition [ 1 ]. Intestinal infl ammation and diar-
rhea may cause malabsorption of macro and 
micro nutrients leading to weight loss, nutrient 
defi ciencies, and development of malnutrition in 
up to 85 % of patients [ 2 ]. Food ingestion itself is 
often associated with undesirable symptoms such 
as abdominal pain, nausea, vomiting, and 

 diarrhea which in turn may decrease nutrient 
intake. Other clinical manifestations of CD such 
as anorexia, oral ulcers, and fatigue can further 
decrease patient ability or desire to eat [ 3 ]. 

 Following a proper diet may improve symp-
toms of CD, enable healing of intestinal mucosa 
by providing adequate nutrients, and gives 
patients a sense of control in the management of 
their disease. Patients in good nutritional status 
are more likely to utilize their medications, have 
higher energy levels, exhibit fewer gastrointesti-
nal symptoms, and have better immunity to fi ght 
infections and heal intestinal mucosa [ 4 ]. 

 However, patients often follow self-imposed 
restrictive diets in an effort to feel better and on 
the advice of friends, family, healthcare profes-
sionals, or the Internet. Websites and social 
media have increased patient access to medical 
and nutritional resources but unfortunately they 
also serve as a source of confusing and unreli-
able information. Many of these diet approaches 
only serve to put patients at further risk of nutri-
ent defi ciencies by encouraging them to unnec-
essarily avoid foods or whole groups of foods 
thereby eliminating valuable nutrients, calories, 
and protein. The healthcare professional can guide 
patients toward reliable sources of information. 
Patients newly diagnosed with CD, nutritional 
complications, or those seeking nutritional 
advice should be guided to establish care with a 
Registered Dietitian Nutritionist [ 1 ]. 

 A recent review of diet and IBD found diets high 
in fat and meat consumption like those consumed 
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in westernized countries were associated with an 
increased disease risk while diets high in fi ber, 
fruits, and vegetables were linked to lower disease 
risk [ 5 ]. However the effect of this type of diet on 
current disease activity was not studied. 

 The goals of diet therapy should be aimed at 
meeting nutritional needs to optimize body 
weight and muscle mass, prevent and correct 
nutrient defi ciencies, prevent dehydration, and 
minimize gastrointestinal symptoms. The diet 
prescription should be individually tailored to 
provide adequate calories, carbohydrate, protein, 
fats, vitamins, minerals, fl uid and address symp-
tom management [ 6 ]. While no specifi c food or 
type of diet has been proven to cure CD, exclud-
ing certain foods has been shown to be benefi cial 
during a disease fl are. Limiting insoluble fi ber 
from whole grains, fruits, and vegetables is 
advised during a fl are, as is decreasing caffeine 
and alcohol intake. Lactose may also need to be 
reduced or avoided. Foods to consume during a 
fl are include diluted juices, canned fruit, lean 
poultry and fi sh, eggs, potatoes, white bread, rice, 
and noodles [ 7 ]. In this chapter we will examine 
the dietary needs of patients with CD, common 
nutritional complications, how to identify and 
treat nutrient defi ciencies, and specifi c recom-
mendations for patients with particular types or 
complications of CD.  

    Calories 

 Obtaining adequate caloric intake can be diffi cult 
when poor appetite is present or eating leads to 
increased symptoms. Achieving optimal caloric 
intake is important to provide energy to fuel body 
functions, daily activities, and promote healing. 
Caloric needs can be estimated at 25–35 kcals/kg 
for those patients that are underweight or normal 
weight. Diet should be advanced slowly in order 
to not overfeed patients that are severely under-
weight. A calorie range of 15–25 kcals/kg may be 
more appropriate for obese individuals (BMI > 30) 
but caution should be used to not restrict calories 
at the expense of providing adequate nutrients for 
healing [ 8 ]. Small, frequent meals throughout the 
day should be encouraged as the intestinal tract 

may better tolerate smaller volumes. Calorically 
dense foods should be offered when tolerated to 
enhance the ability to meet nutritional needs with 
smaller volumes of food.  

    Carbohydrates 

 The body’s preferred fuel source is carbohydrate 
which includes foods such as rice, bread, grains, 
potatoes, cereals, crackers, fruits, and vegetables. 
During a fl are low fi ber refi ned grains and peeled 
cooked vegetables are frequently recommended. 
While there is no evidence that such foods prevent 
or cure CD, patients frequently report symptom 
reduction with this type of diet [ 9 ]. 

 Sugar is often claimed to be responsible for a 
host of health problems including a role in devel-
opment of infl ammation. Many high sugar foods 
have a high glycemic load that can cause dra-
matic changes in insulin levels that may lead to 
increased infl ammation. There also seems to be a 
correlation between high refi ned sugar consump-
tion and development of CD [ 10 ]. In contrast, 
interventional studies have not proven that avoid-
ance of sugar is benefi cial in the treatment of CD 
[ 11 ]. Foods containing sugars provide a source of 
calories which may be benefi cial for patients 
struggling to meet caloric needs. However, diets 
high in sugar are often lower in vitamins, 
 minerals, and protein; therefore, moderate sugar 
consumption is likely a prudent long-term goal. 

 There is evidence that monosaccharides such 
as fructose may be poorly absorbed in the small 
intestine therefore leading to symptoms of gas, 
bloating, diarrhea, or even constipation. In these 
instances an elimination diet to remove or reduce 
these types of sugars may be useful [ 12 ].  

    Protein 

 Patients with CD often have increased protein 
needs particularly during a fl are because intesti-
nal infl ammation impairs nutrient absorption 
leading to possible protein malabsorption. Protein 
requirements are also elevated due to losses from 
severe diarrhea and high output fi stulas. It is 
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important to help patients achieve maximal 
protein needs to support healing. Protein require-
ments should be evaluated individually based on 
current intake as well as disease state and may be 
up to 50 % higher (or 1.0–1.5 g/kg body weight) 
in a patient experiencing a severe fl are [ 8 ]. 

 Unfortunately, many IBD patients fi nd they 
don’t have an appetite for, don’t tolerate, or 
choose not to eat meat. The practitioner must 
look for creative ways to help the patient meet 
protein needs. Lean sources of protein are typi-
cally tolerated best such as chicken, turkey, fi sh, 
and eggs. Low-fat milk, yogurt, and cheeses are 
good protein sources if individual tolerates lac-
tose. Nut butters while higher in fat may also be 
well tolerated. 

 If patient can tolerate eggs, dairy, or soy foods, 
they may be added to diet. Use of a protein pow-
der or nutritional supplement drink can also be 
encouraged to help maximize protein intake. 
Vegetarian patients, especially Vegans may have 
a more diffi cult time meeting protein needs since 
the diet restricts many of the common protein 
containing foods. However, it is important to 
honor individual food preferences and guide 
patients toward food sources that both meet their 
personal preferences and nutritional needs.  

    Fat 

 High fat or greasy foods can be problematic 
because they may exacerbate symptoms of diar-
rhea, gas, and bloating. A low fat diet is also 
advised when fat malabsorption is present. 
Patients often identify deep fried foods, foods 
rich in butter or cream, or cheese dishes as 
symptom provoking foods [ 9 ,  11 ]. Intolerance 
to lactose could be a factor in some of these 
foods as well. It is important to note that not all 
patients get symptoms from high fat foods and 
for these patients fat can be a good source of 
calories, especially if they are struggling to 
maintain weight. In addition olive oil, avocado, 
nut butters, and sources of omega 3 fats such as 
tuna and salmon may have anti-infl ammatory 
properties [ 2 ].  

    Fiber 

 A low fi ber diet is the most common diet recom-
mended for treatment of CD symptoms. However, 
low fi ber diets have not shown a defi nite benefi t 
to control disease or infl ammation. In fact some 
researchers have concluded that including fi ber in 
the diet may have benefi cial effects because 
digestion of dietary fi ber produces short chain 
fatty acids (SCFA) in the colon which may help 
restore immune tolerance and decrease intestinal 
infl ammation [ 13 ]. SCFAs include lactic, formic, 
acetic, propionic, isobutyric, butyric, and pyruvic 
acids. SCFA are found both in foods and pro-
duced in the colon when bacteria digest non- 
absorbable carbohydrates. However, despite 
these conclusions many patients correlate 
increased pain and diarrhea with an increased 
fi ber intake and note a decrease in these symp-
toms when dietary fi ber is limited, especially raw 
fruits, vegetables, nuts, seeds, and whole grains. 
Therefore a low fi ber diet is reasonable in a 
patient with active disease [ 9 ]. Insoluble fi bers 
such as seeds, strings, i.e. from beans or celery, 
and thick fruit skins are especially diffi cult to tol-
erate while soluble fi ber may be better tolerated 
because of its ability to absorb water softening 
the fi ber into a gel. This in turn may change the 
consistency of the stool and slow intestinal transit 
and diarrhea [ 1 ]. Soluble fi ber examples include: 
pectin and gums which are found mainly in the 
fl esh of fruits and vegetables as well as some 
grains such as oats. Beans are a good source of 
soluble fi ber but may not be tolerated due to the 
insoluble fi ber present in the bean skin. Hummus, 
pureed refried beans, and pea soup may be toler-
ated due to the processing of that skin. However, 
beans and legumes can lead to increased intesti-
nal gas and bloating. In an effort to increase the 
fi ber content of packaged foods many manufac-
turers are adding soluble fi ber to their products. 
Inulin and chicory root are two types of soluble 
fi ber that are now being added to foods such as 
yogurt, yogurt drinks, meal replacement bars, 
and fi ber bars. While these types of soluble fi bers 
may be tolerated in small amounts, the large 
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amounts being added to packaged foods often 
cause more gas and bloating in patients. 

 In general a low fi ber diet should be recom-
mended when patients are symptomatic and diet 
should be liberalized as their condition improves 
per patient tolerance. Exceptions include patients 
with new ostomies, recent intestinal surgery, or 
intestinal narrowing due to infl ammation or stric-
tures, which often requires a low fi ber or liquid 
diet [ 11 ].  

    Lactose 

 Studies have shown lactose and dairy products to 
be frequently reported intolerances among 
patients with CD. Common complaints include 
gas, bloating, and diarrhea likely due to poor 
absorbability in the small intestine [ 14 ]. It can be 
diffi cult to distinguish between lactose intoler-
ance and symptoms of active disease. However, 
dairy products are rich in calcium, vitamin D, 
and protein and should not be restricted unless 
patient has known symptoms with ingestion. 
Patients may exhibit lactose intolerance during a 
fl are but not in remission [ 4 ]. Lactose intoler-
ance is dose dependent and people are often able 
to tolerate small servings of dairy products. For 
those with frank lactose intolerance lactose free 
dairy products and lactase enzyme supplements 
are available.  

    Caffeine and Alcohol 

 Caffeine can act as a stimulant to the intestinal 
tract, increasing frequency of diarrhea. In addi-
tion, caffeinated drinks are less hydrating due to 
their diuretic effect. In cases with severe diarrhea 
a decrease in caffeine may be benefi cial. Alcohol 
can also irritate the GI tract and can interfere 
with the action of some medications [ 1 ]. One 
study concluded that patients were more likely 
to report intolerance to energy drinks, diet colas, 
colas, champagne, red wine, and beer [ 6 ]. Since 
individual tolerance varies greatly complete 
avoidance of caffeine and alcohol may not be 
necessary.  

    Nutritional Assessment 

 CD patients are at risk for poor nutritional status 
and should therefore be screened for nutritional 
complications at the time of diagnosis, during fl are 
ups, when strictures are present, if surgery is 
required and at least annually. Validated nutrition 
screening tools have been developed that ask a 
series of questions to guide the practitioner in 
determining if patients are currently at nutritional 
risk. Subjective global assessment (SGA), nutri-
tion risk screening 2002 (NRS-2002), malnutrition 
universal screening tool (MUST), and nutritional 
risk index (NRI) are examples of these tools 
and can be incorporated into practice to determine 
nutritional status of the patient. These screening 
tools include questions to help the practitioner 
identify changes indicating an increased risk for 
malnutrition such as weight loss, decrease in 
appetite, or inability to take food orally due to 
nausea, swallowing diffi culty, fatigue, or diarrhea. 
Calculation of the Body Mass Index alone is often 
misleading because it may not accurately distin-
guish between well- nourished patients and those 
that are undernourished. If a patient is identifi ed at 
nutritional risk, a complete nutritional assessment, 
review of diet history, and development of an indi-
vidual care plan by a Registered Dietitian is rec-
ommended [ 15 ]. 

 Collecting lab data is essential to identify 
nutrient defi ciencies such as iron, B12, and zinc 
but is not particularly helpful in diagnosing pro-
tein calorie malnutrition. A serum albumin level 
was once thought to be the gold standard for 
identifying protein malnutrition. However, using 
albumin level as an indicator of protein status is 
ineffective in the presence of chronic infl amma-
tion. Infl ammation in the body triggers the liver 
to reduce production of negative acute phase pro-
teins such as albumin, prealbumin, and transfer-
rin in favor of manufacturing positive acute phase 
proteins such as C-reactive protein to help fi ght 
infl ammation. Albumin, like the other negative 
acute phase proteins is expected to return to nor-
mal as the infl ammatory response resolves [ 16 ]. 
Therefore a low albumin does not always indicate 
a malnourished state or an inadequate intake of 
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protein, nor does a normal albumin level indicate 
that the patient is well nourished. However, pro-
tein needs are elevated in patients with chronic 
infl ammation. A thorough diet history should be 
completed and if intake found to be inadequate 
an effort should be made to add high protein 
foods, protein powders, or nutritional supplement 
drinks. In some cases enteral or total parenteral 
nutrition (TPN) may be needed but only if the 
patient is unable to meet nutritional needs with 
oral intake. A low albumin level in isolation is 
not an indicator for initiation of TPN.  

    Nutritional Complications 
and Defi ciencies 

 Nutritional defi ciencies in CD are common for a 
number of reasons: decreased appetite leading to 
inadequate intake of nutrients, decreased nutrient 
absorption due to small bowel infl ammation, 
reduced intestinal transit time due to diarrhea 
which can limit absorption of nutrients, and sur-
gical resection. Additionally, a decreased desire 
to eat to prevent extra trips to the bathroom, 
restricted diets, and pain/discomfort with meals 
or after eating can also lead to defi ciencies. The 
most common nutrient defi ciencies found in 
patients with CD are iron, vitamin B12, vitamin 
D, calcium, magnesium, folic acid, and zinc. 
Anemia is frequently associated with CD and 
while most often related to iron defi ciency, ane-
mia related to folic acid and vitamin B12 defi -
ciencies are also common occurrences. A 
thorough workup should be completed to deter-
mine the type of anemia to ensure proper treat-
ment. The prevalence of anemia is higher in CD 
patients than in UC but can be present in both, 
leading to fatigue, hospitalization, and delay of 
discharge [ 17 ]. Anemia of chronic disease is 
another common occurrence and should be con-
sidered as well. Inadequate intake of vitamin D 
and calcium as well as malabsorption can lead to 
osteoporosis. 

 Since nutrient defi ciencies are common in 
patients with active infl ammation and poor oral 
intake a daily multivitamin (with or without iron) 
as well as calcium and vitamin D is typically pre-

scribed. In some cases a patient may require 
additional iron. Lab data should be collected to 
establish baseline nutritional status at initial 
appointment and at least annually. If nutrient 
defi ciency is detected, then follow-up blood work 
should be obtained to ascertain correction of the 
defi ciency.  

    Iron 

 Iron defi ciency anemia is common in patients 
with CD and is most often linked to blood loss 
from the intestinal tract, poor absorption due to 
rapid transit time, and a poor quality diet. The 
primary site of iron absorption is the duodenum. 
The active bleeding that may occur with CD 
makes it diffi cult for duodenal absorption to keep 
up with actual losses. Iron defi ciency anemia can 
result and supplementation with 60–120 mg ele-
mental iron daily is recommended [ 17 ]. It is 
advised to co-administer a source of vitamin C 
with ferrous forms of iron such as a standard 
250 mg vitamin C tablet or 3 ounces of a bever-
age containing vitamin C. However oral iron is 
often poorly tolerated causing symptoms of nau-
sea, abdominal pain, diarrhea, or constipation 
which makes it diffi cult to distinguish between 
the disease and tolerability of iron supplementa-
tion. IV iron infusions may be indicated in those 
with intolerance to oral iron, moderate to severe 
anemia <10.5 Hgb, or ineffi cacy of oral iron [ 18 , 
 19 ]. A standard infusion of iron sucrose twice a 
week for 2 weeks followed by once weekly for 
additional 6 weeks is typically adequate to see 
improvement in iron stores [ 17 ].  

    Vitamin B12 (Cobalamin) 

 Vitamin B12 defi ciency has been noted in up to 
48 % of patients. The primary absorption site for 
vitamin B12 is the terminal ileum, therefore vita-
min B12 defi ciency is more common in patients 
with Crohn’s disease than ulcerative colitis. Vitamin 
B12 levels should be monitored and if below nor-
mal range should be treated with intra- muscular 
injection of 1,000 μg vitamin B12 monthly. 
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Oral vitamin B12 may be administered at dosages 
of 1,000 μg daily but may not be effective in those 
with infl ammation of the ileum due to impaired 
absorption. Sublingual or intra-nasal vitamin B12 
may be good options as well. Patients with areas of 
resected ileum >30 cm, jejunostomies, and some 
ileostomies are also more susceptible to vitamin 
B12 defi ciency and should be supplemented [ 20 ].  

    Vitamin D 

 Vitamin D absorption takes place in the small 
intestine so infl ammation at this site can lead to 
defi ciency. In addition many people are prone to 
vitamin D defi ciency, especially in northern lati-
tudes. Furthermore patients with fatigue may 
spend less time outdoors leading to less vitamin D 
exposure from the sun. Poor appetite and restricted 
diets, especially in those avoiding dairy products 
due to lactose intolerance may be an additional 
cause for defi ciency [ 21 ]. As a precaution all 
patients with active CD can be given a daily vita-
min D supplement of 1,000–2,000 IU daily of 
vitamin D3 (cholecalciferol). Vitamin D can be 
given separately or in combination with calcium 
or multivitamin supplement. A vitamin 25 OH 
level should be tested and if found to be defi -
cient(<20 ng/ml) patient should be treated with a 
recommended dosage of 50,000 IU vitamin D2 
(ergocalciferol) once weekly for 6–8 weeks. 
Check vitamin D level after 8 weeks and if within 
normal limits reduce dosage to 1,000–2,000 IU 
daily of vitamin D3. Vitamin D levels of <30 mg/dl 
are considered suboptimal and may respond to 
treatment with 2,000 IU daily [ 22 ].  

    Calcium 

 CD can lead to a loss of bone, osteopenia, and 
osteoporosis by a variety of mechanisms. 
Calcium absorption occurs both through active 
transport in the duodenum and upper jejunum as 
well as passive absorption throughout the small 
bowel. Intestinal infl ammation, rapid transit of 
nutrients through the small bowel, and inade-
quate intake of calcium containing foods due to 

lactose avoidance further place patient at risk for 
decreased bone density. Patients requiring steroid 
therapy such as prednisone are at additional risk 
for bone loss. A daily dosage of 1,500–2,000 mg 
is recommended. Calcium is most effi ciently 
absorbed in doses of 500 mg TID. Adequate vitamin 
D intake is crucial for absorption of calcium.  

    Zinc 

 Absorption of zinc occurs predominantly in the 
jejunum but also throughout the small intestine, 
therefore infl ammation and diarrhea can cause 
excess zinc losses. Serum levels of zinc should be 
tested but because zinc is transported in part by 
albumin, low levels may be indicative of active 
infl ammation or hypoalbuminemia. If the serum 
zinc level is <60 mcg/dl, supplementation of 
50 mg of elemental zinc in the form of 220 mg 
zinc sulfate or 350 mg zinc gluconate should be 
prescribed. Zinc has an inverse relationship to 
copper and therefore high dosages of zinc can 
lead to copper defi ciency. Retest zinc level after 
6–8 weeks. Once infl ammation is resolved 
 normal zinc levels should be achieved by taking a 
daily multivitamin/mineral supplement that con-
tains zinc [ 23 ,  24 ].  

    Copper 

 Copper defi ciency is not typically noted in CD 
but can be caused by severe diarrhea, fi stulas, 
ostomies, or zinc supplementation. If a patient is 
on high dosages of zinc, testing of serum copper 
is advised. Supplemental dosage to correct cop-
per defi ciency is 2–4 mg daily [ 25 ,  26 ].  

    Magnesium 

 Assessment of magnesium status is challenging 
because much of our body stores of magnesium 
are inside the cell or bone. Serum magnesium 
level is the most common measurement of mag-
nesium concentration; however, a correlation 
with total body stores may be inaccurate. 
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Frequent diarrhea, inadequate oral intake, and/or 
treatment with immune suppressors such as 
tacrolimus or cyclosporine can cause reduced 
serum levels of magnesium [ 27 ]. If serum mag-
nesium level is determined to be low supplemen-
tal magnesium chloride or magnesium oxide may 
be used. A dosage of 64 mg elemental magne-
sium has been suggested [ 28 ]. Severe hypomag-
nesiumemia often requires IV administration of 
magnesium.  

    Fat Soluble Vitamins ADEK 

 Defi ciency of vitamins ADE and K may occur 
due to fat malabsorption. Water soluble vitamins 
ADEK may be more absorbable in these patients. 
However no standardized recommendations are 
available to guide practitioners as to optimal dos-
ages specifi cally to prevent or treat defi ciencies 
associated with CD [ 8 ].  

    Folate 

 Folate defi ciency has been reported in up to 67 % 
of patients with CD. Decreased intake of folate 
containing foods such as green leafy vegetables 
or beans is common in CD patients. Furthermore 
a number of medications used to treat CD such as 
sulfasalazine and methotrexate can impair 
absorption of folate. Therefore folic acid supple-
mentation of 1–2 mg/day is advised to prevent 
defi ciency [ 29 ].  

    Complications of IBD Requiring 
Special Diet 

    Food Allergies/Food Intolerances 

 Food Allergies have not been positively linked to 
the development of CD. While CD is not caused 
by food allergies some people with CD do have 
allergies to certain foods and this should be taken 
into consideration when making dietary recom-
mendations. Food intolerances are much more 
common in the patient with CD than are food 

allergies. Food allergies affect about 4–8 % of the 
population and are immune mediated, while food 
intolerances are much more prevalent and do not 
involve the immune system. The most common 
food allergens are proteins found in dairy prod-
ucts, wheat, soy, eggs, tree nuts, peanuts, fi sh, and 
shellfi sh. Food intolerances or non-allergic food 
hypersensitivity are usually diagnosed after food 
allergies and other gastrointestinal conditions 
have been ruled out [ 30 ]. Many patients with CD 
have food intolerances. Common food intoler-
ances include lactose, fructose, and gluten. 

    Gluten 
 While many patients report good tolerance to 
refi ned grain products and starches some patients 
report a decrease in symptoms with exclusion of 
grains. One study in a subgroup of IBD patients 
found that those with signifi cant intestinal symp-
toms reported a decrease in those symptoms and 
a decrease in numbers of reported fl ares while 
following a gluten free diet. Researchers did note 
a possible link to fermentable Oligo, Di, Mono 
saccharides, and polyols (FODMAPs), i.e. fruc-
tans, a fermentable carbohydrate found in wheat 
and other grains rather than gluten itself [ 31 ]. 
While patients often correlate symptom improve-
ment to the exclusion of gluten it may actually be 
related to a decrease in fructans [ 14 ]. To date a 
gluten free diet has not been indicated for use in 
treatment of CD except in those patients with 
known celiac or non celiac gluten sensitivity.  

    Fermentable Oligo, Di, Mono 
Saccharides and Polyols 
 The most typical approach to managing food 
intolerances is to initiate a food elimination diet 
to determine if symptoms improve when foods 
are removed from the diet. Foods are then added 
back to the diet systematically to determine 
which foods produce symptoms. One elimination 
diet in particular has been researched thoroughly 
and is becoming standard of practice for manage-
ment of food intolerance. FODMAPs are catego-
ries of sugars and starches found commonly in 
the diet. In CD patients that struggle with gas, 
bloating, diarrhea, or even constipation espe-
cially in a state of disease remission, reduction of 
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these fermentable carbohydrates may be benefi cial. 
In the past decade considerable research has 
shown that eliminating sources of fermentable 
saccharides can help reduce these symptoms. 
FODMAPs include sugars found in milk, fruit, 
honey, high fructose corn syrup, and fi bers found 
in foods like wheat, onions, vegetables, and 
beans. These FODMAPs may be poorly absorbed 
in the small intestine leaving them to travel down 
to the large intestine where colonic bacteria feed 
on them and produce carbon dioxide, hydrogen, 
and methane gas. This malabsorption can lead to 
development of excessive gas, painful bloating, 
diarrhea, or constipation. Diet treatment involves 
following a FODMAPs Elimination diet to 
remove all sources of FODMAPs from the diet 
for at least 2 weeks and observing the patient to 
see if symptoms improve. After an elimination 
period, a FODMAPs Challenge diet is imple-
mented by adding specifi c groups back into diet 
and observing for return of symptoms [ 14 ]. A 
telephone survey of 72 Australian participants 
found that a majority of those queried had signifi -
cant improvement of symptoms when adherent to 
a low FODMAP diet. Symptomatic improvement 
included a decrease in abdominal pain, bloating, 
gas, and diarrhea [ 32 ]. A Registered Dietitian 
should be consulted to help patients understand 
and adhere to the diet without imposing too many 
additional restrictions and further risking nutrient 
defi ciencies.   

    Calcium Oxalate Stones 

 Kidney stones occur in up to 18 % of adult 
patients with IBD especially in those with infl am-
mation or resection of the small bowel [ 33 ]. 
Typically calcium binds to oxalate to be excreted 
from the body but in the presence of fat malab-
sorption calcium binds to fat instead. Circulating 
oxalate is then available to be absorbed and 
deposited in the kidney causing stone formation. 
Dehydration is also a factor in development of 
stones because highly concentrated urine is more 
likely to lead to stone formation. Dietary therapy 
includes a low oxalate, low fat diet with adequate 
fl uid intake to help lower urine concentration 

[ 34 ]. Reducing sodium intake to < 3,000 mg/day 
may put more calcium into circulation to bind 
oxalate. Avoidance of vitamin C supplements is 
recommended to help reduce levels of oxalates in 
the urine and calcium supplementation is advised 
to help bind oxalate in the intestine. Other factors 
such as hypocitraturia, hypomagnesuria, and uric 
acid stones should be considered as well in those 
with kidney stone formation [ 35 ].  

    Strictures 

 Narrowing of the intestinal lumen due to scar 
tissue or strictures often causes pain with eating 
and impacts ability to maintain nutritional status 
requiring special dietary considerations. A low 
fi ber diet is typically recommended for patients 
with strictures. Ingestion of vegetable and fruit 
skins or strings, nuts, seeds, popcorn, and possi-
bly large chunks of fi brous meats can be prob-
lematic in a narrowed intestinal tract if they are 
too large to pass through the strictured area. In 
cases of severe strictures a soft or liquid diet may 
be recommended until resolution of infl amma-
tion or surgical repair of strictured site. Pain at 
the site of the stricture is sometimes severe and 
can diminish patient desire to eat. Use of nutri-
tional supplement drinks or supplemental nutri-
tion such as TPN or EN may be necessary if 
severe [ 8 ].  

    Ostomies 

 Complications of CD can lead to the need for sur-
gical resection of the small intestine or colon 
requiring the creation of an ostomy. Most nutri-
ent absorption occurs in the upper small intestine 
so those patients with end ileostomies and colos-
tomies are likely to remain well nourished. 
Shorter ileostomies and jejunostomies often 
require additional nutritional support and vitamin 
supplementation due to loss of absorptive capac-
ity. Therefore strategies similar to those used by 
patients with short bowel syndrome (SBS) may 
be benefi cial. While there are no specifi c stan-
dards set for diet after ostomy a low fi ber diet is 
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often recommended for the fi rst 4–6 weeks with 
most patients able to return to a normal diet after 
this time [ 36 ]. However due to variations between 
patients a trial and error period of eating is often 
needed to identify foods that may cause increased 
discomfort and stool output. 

 Nutritional supplements can be useful to pro-
vide an additional source of calories, protein, and 
nutrients especially in the fi rst few weeks after 
surgery. Many commercial products are high in 
sugar which due to the osmotic load may increase 
stool output, especially in those with ileostomies. 
However, nutritional supplements come in a vari-
ety of formulations which may be better toler-
ated. For example, a high protein lower 
carbohydrate formula like those available for dia-
betic patients may increase tolerance. Patients 
should be encouraged to sip supplements slowly 
and experiment with different formula prepara-
tions until they fi nd one that meets their needs. 

 Colostomies that are created toward the distal 
end of the colon are more likely to retain their 
absorptive capability of fl uid, sodium, and potas-
sium, so stool output is closer to normal consis-
tency in these patients. Since stool output is thicker 
it is important to consume adequate amounts of 
fl uid and fi ber to prevent constipation [ 37 ]. 

 People with ileostomies lack the benefi t of the 
colon’s absorptive capacity of fl uid and electro-
lytes. Sodium and potassium losses can occur 
due to absence of a functioning colon, therefore 
salt intake should be liberalized. Foods that are 
high in potassium such as bananas, cantaloupe, 
milk, yogurt, and cooked vegetables should be 
encouraged if tolerated. Ileostomies are also 
more prone to dehydration and extra fl uid may 
need to be consumed to compensate for losses. 
However, drinking plain water may lead to an 
increase in stool output [ 37 ]. In those with high 
stool output it may be benefi cial to consume a 
hypotonic oral rehydration solution (ORS) which 
contains electrolytes to improve fl uid absorption 
in the ileum. Limiting quantities of fl uids con-
sumed at one time and restricting fl uid intake to 
30 min before and after meals may be benefi cial 
especially in the initial postoperative period [ 38 ]. 

 Since decreased fl uid absorption in the small 
intestine creates more liquid stool, thickening 

the stool effl uent may slow down the transit time 
and allow for better nutrient absorption. Some 
foods have been found to thicken stool output in 
the ileostomy patient. Potatoes, white rice, oat-
meal, applesauce, peanut butter, bananas, white 
bread, low fi ber crackers, and marshmallows are 
examples [ 37 ]. 

 It is possible that foods that do not get digested 
well can cause obstruction of the stoma. 
Blockages occur more frequently in ileostomies 
than colostomies but can occur in either. Foods 
such as popcorn, mushrooms, corn, beans, stringy 
vegetables like celery or sprouts, and dried fruit 
can be problematic. Peeling fruits and vegetables, 
cooking foods thoroughly, and chewing well can 
all help minimize incidence of blockage. Odor 
can also be a problem for the ostomy patient and 
therefore elimination of certain foods such as 
garlic, onions, eggs, beans, and asparagus may be 
helpful [ 39 ].  

    Short Bowel Syndrome 

 A detailed discussion of SBS is beyond the scope 
of this chapter but deserves mention due to preva-
lence in CD. Patients that have had one or more 
surgical resections can be at risk for complica-
tions due to SBS. SBS can be defi ned in a number 
of ways but typically exists when only 100–
120 cm of small bowel remains without an intact 
colon, or 50 cm small bowel with colon. SBS has 
also been defi ned as the inability of the bowel to 
function in a capacity to support fl uid and nutrient 
requirements despite adequate oral intake and 
regardless of length of intact bowel [ 40 ]. In other 
words, patients with CD can exhibit symptoms of 
SBS due to marked infl ammation encompassing a 
large area of the GI tract. Symptoms of SBS 
include increased stool output, steatorrhea, elec-
trolyte imbalance, decreased appetite, weight 
loss, malabsorption of nutrients [ 41 ]. Pt with SBS 
should be monitored for fat malabsorption and are 
at special risk for defi ciencies of fat soluble vita-
mins A, D, E, and K. Some patients with SBS 
may benefi t from a small dose of cholestyramine 
to help bind bile salts if unable to absorb due to 
missing or non-functioning ileum but caution 
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should be taken because it can also bind vitamins 
A, D, E, and K furthering risk of defi ciency. 

 Many patients with SBS will require TPN at 
least initially. However, even patients with as lit-
tle as 50–60 cm small bowel left may be able to 
consume an oral diet to partially meet nutritional 
needs [ 42 ]. The ability of patients to return to a 
normal diet after surgical resection leading to 
SBS depends on a number of variables: the length 
of small bowel that remains, the section of the 
small bowel that remains, whether colon is pres-
ent with an intact ileocecal valve, and the length 
of time it takes the remaining intestine to adapt 
and become more absorptive. Patients with ileal 
resections greater than 60 cm are more likely to 
have problems with malabsorption of nutrients, 
especially vitamin B12. Presence of an intact 
colon is advantageous to help prevent dehydra-
tion and depletion of electrolytes. Food choices, 
beverages, and composition of diet can all impact 
stool output and nutrient absorption. 
Carbohydrates and fermentable fi bers can pro-
duce SCFA in the colon which can provide a sig-
nifi cant source of calories for the patient. 

 Diet therapy for the patient with SBS is often 
divided by category: those with an intact colon 
and those without a colon in continuity. Patients 
with intact colon are advised to follow a diet that 
is low in fat and high in carbohydrate with pro-
tein to meet individual goals. Patients without a 
colon should include a higher amount of fat and 
lower amount of carbohydrate again with ade-
quate protein to meet nutritional needs [ 40 ]. 

 Other diet related suggestions for SBS 
include limiting fl uid intake with meals to slow 
transit time, reduce intake of hypertonic fl uids 
and include isotonic fl uids such as ORSs which 
are better absorbed. A Registered Dietitian 
should be consulted to assist patients with diet 
and fl uid management and may be able to sug-
gest changes to maximize nutrient intake and 
reduce amount of required parenteral nutrition. 
It is important not to underestimate the benefi ts 
of small decreases in TPN. Reducing infusion of 
TPN even a few hours can give patient more 
freedom to take short trips, do errands, reduces 
time spent in the bathroom, and carries less risk 
to the liver.   

    Nutritional Support: TPN/TF/
Nutritional Supplement Drinks 

 Weight loss affects up to 80 % of patients with 
CD. Poor appetite, abdominal pain, and diarrhea 
are a few of the contributing factors [ 2 ]. When 
patients are unable to meet nutrient needs with 
regular diet enteral supplementation may be nec-
essary. Enteral nutrition can be delivered orally 
or via a feeding tube placed in the stomach or 
small intestine. Enteral nutrition can supplement 
all or part of one’s nutritional needs. There are a 
variety of commercial nutritional supplement 
drinks available which offer quick convenient 
sources of calories, protein, fatty acids, vitamins, 
and minerals in a form that is typically well toler-
ated. Homemade protein drinks or smoothies can 
also be nutritious alternatives. If the patient is 
unable to tolerate drinking supplements, tube 
feeding formulas can be introduced. 

 Exclusive enteral nutrition (EEN) has been 
particularly effective in pediatric patients to 
achieve remission and found to be more useful 
than corticosteroids [ 43 ]. However, use of EEN 
in the adult population has not provided such 
clear results with some studies suggesting that 
EEN is not as effective in adults while others 
have found clear benefi ts of enteral nutrition to 
induce clinical remission and promote healing of 
the mucosa [ 11 ,  44 ]. Additionally elemental 
products have not been shown to be superior to 
standard polymeric formulas. Unfortunately 
intolerance to formulas and inconvenience of 
tube feeding regimen leads to poor compliance in 
the adult population [ 45 ]. 

 TPN may be indicated when a patient is unable 
to tolerate enteral feedings. TPN may also be 
useful in the case of high output diarrhea, stric-
turing disease, fi stulas or in patients with 
SBS. TPN is very effective in improving nutri-
tional status in patients but has not been shown to 
be more effi cacious than enteral feeding or corti-
costeroids in inducing remission. TPN is expen-
sive, presents a higher infection risk, and can lead 
to cholestatic liver disease. In addition complete 
bowel rest may result in atrophy of intestinal 
mucosa further decreasing absorptive capacity and 
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may have negative effects on gut microbiota [ 45 ]. 
Therefore, every effort should be made to meet 
nutritional needs of patient with enteral nutrition 
prior to initiating TPN [ 46 ].  

    Nutritional Intervention When 
Surgery Is Required 

 Up to 66 % of CD patients will need surgical 
intervention to help control disease or develop-
ment of strictures [ 47 ]. The stress of surgery 
increases protein, calorie and vitamin/mineral 
requirements by creating a catabolic and hyper-
metabolic state. Dependent on nutritional status 
of the patient prior to surgery malnutrition can 
result after surgery. Additionally, major surgery 
can temporarily weaken the immune system 
making the body more prone to infection. Studies 
have shown that patients who consume special 
supplement drinks called immune-modulating 
supplements prior to surgery have lower compli-
cation and infection rates, and may have a shorter 
hospital stay [ 48 ,  49 ]. 

 In 2009 the Society of Critical Care Medicine 
(SCCM), in conjunction with the American 
Society of Parenteral and Enteral Nutrition 
(A.S.P.E.N.), published guidelines discussing 
appropriate use of immune-modulating formulas. 
There are several ingredients that have been 
shown to support the immune system including 
arginine, glutamine, dietary nucleotides, omega-3 
fatty acids, and antioxidants. The indications for 
use of these various immune ingredients are dis-
cussed at length in their report and are beyond the 
scope of this chapter. However, in their report 
SCCM and A.S.P.E.N. make a Grade A recom-
mendation for use of these ingredients with the 
following patient populations “major elective 
surgery, trauma, burns, head and neck cancer, and 
critically ill patients on mechanical ventilation, 
with caution in patients with severe sepsis” [ 50 ]. 

 There are a number of commercial formulas 
available that contain ingredients shown to have 
immune-modulating effects. However, only 
immunonutrition containing supplemental argi-
nine, omega-3 fatty acids, and nucleotides has 
level 1 evidence showing a signifi cant reduction 

in risk of infectious complication rates after 
major surgery [ 51 ]. Immune-modulating formu-
las are available for purchase through a variety of 
sources, for use under medical supervision. 
Products can be delivered orally or via tube feed-
ings and should be given several days prior to 
surgery and again 3–4 days post operatively. It is 
important to note that the research did not specifi -
cally study the CD population but included bowel 
resection surgeries similar to those done in 
patients with CD. 

 Surgeons should be encouraged to actively 
assess patients for risk of malnutrition by using 
one of the many nutrition screening tools avail-
able: NRS 2002, MUST, SGA, or Strong for 
Surgery Nutrition checklist [ 52 ]. Patients that are 
determined to be at nutritional risk should be 
referred to an RD for interventions to improve 
food, nutrient, fl uid intake and discuss available 
options for immune-modulating formulas imme-
diately pre-op and consideration of use post 
 operatively [ 53 ]. Energy needs after surgery have 
been estimated to be up to 50 % higher than nor-
mal energy needs. If oral intake will be delayed 
due to surgery, a nasogastric tube can be placed 
and feeding started within 36 h to preserve gut 
integrity and promote healing [ 54 ].  

    Pre- and Probiotics 

 Given the association between development of 
CD and the gut microbiota dietary research has 
centered on the use of pre and probiotics [ 11 ]. 
Prebiotics are non-digestible food components 
which help stimulate growth of benefi cial bacteria. 
Examples of prebiotics include fructooligosaccha-
rides (FOS), galactoligosaccharides (GOS), and 
inulin. Probiotics are microbial ingredients found 
in foods such as yogurt with live cultures, kefi r, 
and fermented vegetables [ 8 ,  9 ]. 

 FOS and GOS prebiotics may enhance growth 
of benefi cial probiotic bacteria, in particular bifi -
dobacteria and lactobacilli which may have 
immune regulatory effects. However study results 
have been mixed with exacerbation of symptoms 
seen in some subjects [ 11 ]. It is also important to 
note that most prebiotics are FODMAPs and 
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therefore symptoms of gas, bloating, diarrhea, or 
constipation may occur if incomplete absorption 
occurs [ 14 ]. Pre and probiotics could possibly be 
used to alter the gut microbiome and used in the 
treatment of CD but studies to date have only 
shown clear evidence in patients with UC and 
pouchitis, not in CD. Additionally, improvement 
of symptoms with probiotics was more likely 
to occur in mild disease with better effi cacy in 
maintaining remission rather than inducing 
remission [ 55 ].  

    Omega 3 and Omega 6 Poly 
Unsaturated Fatty Acids 

 Omega 3 fatty acids EPA and DHA are known to 
have anti-infl ammatory effects while omega 6 
fatty acids have pro-infl ammatory effects. Diets 
containing higher amounts of omega 6 fatty acids 
are associated with higher incidence of IBD [ 56 ]. 
Fish oil supplements are high in EPA and DHA 
and have been shown to decrease the production 
of some infl ammatory mediators. However, stud-
ies using fi sh oil supplements to induce and 
maintain remission of IBD have shown disap-
pointing results [ 57 ]. In an effort to reduce omega 
6 fatty acids and increase omega 3 fatty acids 
patients can be encouraged to include more fatty 
fi sh such as salmon and tuna in their diets along 
with other omega 3 sources including fl ax oil, 
fl ax meal, and omega 3 fortifi ed foods such as 
cereal and eggs.  

    Special Diets 

 Diets that seek to exclude carbohydrates have 
remained popular over the years. These diets 
claim that reducing carbohydrate intake will cure 
IBD by changing the population of gut bacteria. 
The specifi c carbohydrate diet (SCD) is one diet 
that reduces intake of carbohydrates, and grains 
in particular. The SCD was developed more than 
50 years ago and was originally used to treat 
those with celiac disease. It has gained popularity 
over the past 20 years in the CD populations due 
to its claims to reduce intestinal infl ammation [ 58 ]. 

These claims have yet to be validated in the adult 
population but are being studied in pediatric 
patients and have shown promising results of 
inducing remission [ 59 ]. However, this diet has 
not adequately been studied outside the pediatric 
population and more research will need to be 
done to determine if these diets will provide simi-
lar response in adults.  

    Diet and the Gut Microbiome 

 Increasing evidence suggests that the microbi-
ome of the gastrointestinal tract plays an impor-
tant role in triggering, maintaining, and 
exacerbating illnesses including infl ammatory 
diseases such as CD. A decrease in microbiome 
diversity may be partially to blame. Some gut 
bacteria have been found to be benefi cial while 
others may be harmful when overabundant in the 
gut [ 55 ]. However, the type and amount of organ-
isms required to make up a healthy microbiome 
is not known and may differ between individuals. 
Healthy persons may have a different microbi-
ome than people with pre-existing illnesses. 

 There may also be differences in the gut 
microbiota of different races, i.e. Asians and 
Africans have been noted to have a more diverse 
microbiome and more SCFAs present than 
Europeans. However, it is not known how envi-
ronmental factors such as sanitation, food stor-
age, and diet play into this [ 60 ]. Fermentation is 
a common practice of food preservation in many 
parts of the world. Fermentation increases the 
content of probiotics and SCFAs in foods which 
may be benefi cial to the gut microbiome. 
However, more reliance on refrigeration for food 
storage and decreased vegetable intake has led to 
a decrease in fermented food consumption. 

 There is increasing evidence that diet itself 
can change the composition of microbiota in the 
gut [ 13 ] but at present the roles of nutrients, gut 
microbiome, and environmental factors, i.e. diet 
have not been clearly defi ned [ 10 ]. There is inter-
est in how absorption of carbohydrates may 
change the bacterial population of the intestine. 
Further studies are needed to fully understand the 
link between diet, the gut microbiome, and CD, 
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and may provide new information about disease 
pathogenesis and treatment. Additionally more 
research is needed in all areas of diet to under-
stand other possible links between food con-
sumption, food additives, nutrient intake, nutrient 
defi ciencies and their role in the development and 
treatment of CD.  

    The Role of the Registered Dietitian 
as Part of Multidisciplinary Team 

 Registered dietitians/nutritionists (RDN) are spe-
cially trained in Medical Nutrition Therapy and 
offer the most comprehensive and safe approach 
to treating nutritional defi ciencies, managing 
symptoms, and assisting with meal planning in 
the IBD patient. Patients with IBD are often 
eager to embrace any lifestyle change they 
believe will lead to a cure. As a result they are 
susceptible to questionable advice. Encourage 
patients to thoroughly review the credentials of 
anyone claiming to be a “Nutritionist.” Many 
states have no regulations preventing individuals 
with minimal or no training to call themselves 
Nutritionists. RD/RDNs are clinically trained to 
work with patients in conjunction with the health 
care provider to review labs, nutrient needs, drug 
nutrient interactions, and prescribe an individual 
diet plan to treat symptoms associated with CD 
such as weight loss, gas, bloating, diarrhea, and 
loss of appetite.  

    Summary 

 While diet and nutrition are not known to be 
curative in CD, the role they play in symptom 
management and overall wellness is vital to the 
treatment of any patient with CD. Nutrition does 
not replace medication or surgical procedures but 
should be considered a complementary part of 
treatment. Malnourished patients or those seek-
ing to educate themselves about diet and nutrition 
can benefi t from working with a Registered 
Dietitian to obtain a nutritional assessment and 
individualized treatment plan. While to date there 
is not one specifi c diet proven to offer sustainable 

disease control research is offering valuable 
information to the link between diet and CD. 
Further exploration is needed to continue to look 
for answers in order to help fi nd the best treat-
ment and a cure for this disease.     
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            Introduction 

 Advances in the surgical and medical manage-
ment of Crohn’s disease (CD) continue to 
improve clinical control highlighting the need for 
an increased focus on patient quality of life and 
functional outcomes. Patients with CD are often 
diagnosed in their late adolescence or early adult-
hood when body image, sexuality, sexual func-
tion, and fertility are of particular concern. 

 Sexuality and sexual function are dependent 
on a complex interplay of biological, anatomical, 
psychological, and social aspects. Symptoms and 
treatment related factors of CD have a signifi cant 
effect on both physiologic and psychosocial 
aspects. The impact of CD on sexual function and 
fertility was fi rst reported in the 1970s, but the 
majority of available literature is limited by small 
sample sizes, use of non-validated survey instru-
ments, heterogeneous patient population, absence 
of baseline data, and low response rates. The 

focus of this chapter is to review the infl uence of 
CD on sexual function and fertility and illustrate 
areas of future research.  

    Affect of Clinical Manifestations 
of Crohn’s Disease on Sexual 
Function 

 CD is a chronic illness consisting of a constella-
tion of symptoms including abdominal and joint 
pain, increased bowel frequency, perianal fi stu-
las, abscesses, skin tags, and incontinence which 
may lead to embarrassment, decreased libido, 
and sexual impairment. Similar to other chronic 
diseases, CD is often accompanied by fatigue 
and chronic pain profoundly affecting all 
domains of quality of life including sexual desire 
and performance. The stress of dealing with CD 
and its physical impairments can lead to depres-
sion and anxiety further decreasing sexual activ-
ity and compounding the strain on intimate 
relationships. 

 Seventy-seven to eighty percent of patients 
with IBD are in an intimate relationship, which is 
similar to the general population [ 1 – 3 ]. The type 
of disease (Crohn’s disease vs. ulcerative colitis), 
gender, and operative history do not appear to make 
a difference in terms of partnership status [ 1 ]. 
About 50 % of patients feel that the disease has 
an adverse impact on relationship status due to 
stigma and diffi culties with sexual intimacy. 
While gender does not seem to make a difference, 
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patients who have undergone surgical treatment 
of their disease report a greater negative affect on 
intimate relationships. 

 Patient perceptions on sexuality and sexual 
function were fi rst evaluated by Gazzard et al. 
who found that of 52 patients surveyed who had 
been married before developing CD, 54 % stated 
that sexual intercourse had become less frequent 
after the diagnosis and 23 % stated that sexual 
intercourse had ceased completely. In fact, only 
12 of the 52 patients (23 %) reported that their 
sexual drive and frequency of intercourse had not 
changed after developing CD [ 4 ]. Several years 
later Moody et al. published similar fi ndings in a 
study where 45 women with CD in a stable rela-
tionship were compared to age-match controls. 
Twenty-four percent of women with CD reported 
infrequent or no sexual intercourse compared to 
4 % of controls. However, the frequency of sex-
ual intercourse was similar among those sexually 
active regardless of the presence or absence of 
CD. The most common reasons for sexual inac-
tivity were abdominal pain (24 %), diarrhea 
(20 %), and fear of fecal incontinence (14 %). In 
addition, dyspareunia was commonly reported, 
particularly in patients with perianal disease and 
the presence of fi stulas [ 5 ]. These results are con-
sistent with those of Muller et al. who found that 
54 % of women and 43 % of men in a population 
of 217 IBD patients felt that IBD negatively 
affected their intimate relationships. Fifty-eight 
percent of those that were sexually active reported 
a reduction in sexual frequency and libido due to 
their disease [ 1 ]. 

 Recently, a large study by Marin et al. com-
pared sexual function in male and female patients 
with IBD to matched controls using the 
International Index of Erectile Function (IIEF) in 
males and the Female Sexual Function Index 
(FSFI) in females [ 6 ]. Of the 355 patients (202 
female and 153 male) and the 200 controls (127 
female and 73 male) who made up the study pop-
ulation, most were sexually active at the time of 
the survey. However, 39 % of women and 35 % 
of men acknowledged that IBD had worsened 
their sexual function in terms of decreased sexual 
desire (47 % of women and 29 % of men) and 

sexual satisfaction (46 % of women and 30 % of 
men). Of those patients who had completely 
ceased sexual intercourse, half of them stated that 
IBD was responsible for their sexual inactivity. 
While a signifi cantly lower mean IIEF score was 
recorded in men with IBD compared to controls 
(59.1 vs. 63.1 respectively,  p  = 0.03), there was 
not a signifi cant difference in the proportion of 
abnormal IIEF scores. However, when individual 
domains were evaluated, a greater portion of 
abnormal scores was observed in erectile func-
tion ( p  = 0.044) and desire ( p  = 0.031) in patients 
with IBD. In women, mean scores in global FSFI 
and in each individual domain were signifi cantly 
lower in patients with IBD compared to controls. 
In addition, 49 % of patients with IBD reported 
an abnormal FISI score compared to 19 % of 
controls ( p  < 0.0001). In univariate analysis, CD 
was one of the factors associated with lower FSFI 
scores. This data is consistent with the few other 
studies conducted using validated survey instru-
ments that have demonstrated that CD may have 
a signifi cant direct impact on sexual function, 
particularly in women. Surprisingly, the negative 
affect of certain manifestations of the disease 
including incontinence and perineal complica-
tions did not reach statistical signifi cance. Instead 
as with most other chronic diseases, depression is 
the strongest risk factor for sexual dysfunction in 
the CD population [ 2 ,  3 ,  7 ]. 

 Disease activity seems to have a signifi cant 
infl uence of sexual function by impacting 
 frequency of sexual activity, libido, body image, 
and sexual satisfaction. Timmer et al. found that 
of 280 male patients, severe sexual compromise 
was reported in 67 % of patients with active dis-
ease compared to 21 % of patients in remission 
[ 2 ,  3 ]. In fact, men in remission or with mildly 
active disease scored similarly to controls on the 
IIEF. Sexual impairment was attributed to erec-
tile/ejaculatory dysfunction and fear of intimacy 
due to unpredictable bowel movements, fl atus, 
and concern of fecal incontinence during sexual 
intercourse. In addition, disease severity is 
linked to more severe depression and fatigue, 
which are known to have a signifi cant impact of 
sexual function.  
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    Infl uence of Crohn’s Disease 
Treatment on Sexual Function 

    Medical Management 

 The literature available on the infl uence of medi-
cal management of CD on sexual function is lim-
ited. Although medications are responsible for up 
to 25 % of cases of erectile dysfunction (ED) in 
the general population, CD medications do not 
appear to cause an increased frequency of ED. 
A few studies have demonstrated an association 
between methotrexate and ED and one case of 
sulfasalazine causing impotence has been reported 
[ 8 – 11 ]. Sexual dysfunction has not been associ-
ated with other commonly used CD medications 
including: 6-MP, azathioprine, prednisone, infl ix-
imab, or adalimumab [ 12 ]. Interesting up to 10 % 
of patients are reportedly non- compliant with 
medications due to a perceived detrimental effect 
on sexual function [ 1 ]. However, medications that 
are often prescribed in the CD population, partic-
ularly antidepressants and antianxiety medica-
tions commonly diminish sexual function.  

    Surgical Management 

 An estimated 70 % of patients with CD will 
require surgery within 20 years of their diagno-
sis. Several studies have found that patients expe-
rience sexual dysfunction and body image 
derangements post-operatively, particularly if 
they have undergone pelvic surgery. However, 
there is also evidence in the literature that some 
aspects of sexual function may improve after sur-
gical intervention especially if the patient experi-
ences improvement of their general health. 

 Patients with Crohn’s colitis refractory to 
medical management, colorectal dysplasia or 
cancer, or severe perianal or rectal disease often 
require a proctocolectomy with an end ileostomy. 
In these cases, disturbances in sexual function 
and sexuality may be due to the rectal dissection 
itself and/or the presence of a stoma. 

 Pelvic dissection during proctectomy may lead 
to injury of the presacral nerves and the pelvic 

plexus. In men this has been shown to lead to 
sexual dysfunction manifested by erectile and/or 
ejaculatory dysfunction. The effect of nerve injury 
in women is not well understood and more diffi -
cult to ascertain because objective criteria to assess 
sexual function in women are not well defi ned. 

 While most patients with CD will not undergo 
a restorative proctocolectomy with ileal pouch 
anal anastomosis (IPAA), the majority of the lit-
erature on the effects of pelvic surgery on sexual 
function in IBD patients is conducted on patients 
undergoing IPAA. As sexual dysfunction in these 
studies is most often attributed to the proctectomy, 
this data can be extrapolated to CD patients under-
going a total proctocolectomy and end ileostomy. 

 Erectile dysfunction and retrograde or loss of 
ejaculation has been reported in men undergoing 
proctectomy for benign conditions with an inci-
dence of 0–25 % and up to 15 %, respectively 
[ 13 ]. A large study conducted by the Mayo Clinic 
surveyed sexual function in 762 men before and 
after total proctocolectomy with IPAA using a 
non-validated sexual function questionnaire. 
Nineteen percent of patients reported deteriora-
tion, 25 % improvement, and 56 % no change 
post-operatively when compared to pre-operative 
sexual function. Three percent of patients 
reported retrograde or no ejaculation after 
IPAA [ 14 ]. Lindsey et al. compared the incidence 
of sexual dysfunction in male patients undergo-
ing rectal dissection for IBD using the standard 
total mesorectal excision technique versus a close 
rectal dissection approach where the rectum is 
mobilized close to the rectal wall in order to min-
imize damage to the pelvic nerves [ 15 ]. They 
found that of 156 patients 3.8 % experienced 
complete impotence and 13.5 % of men reported 
partial diminution of erectile function but were still 
able to participate in sexual intercourse. No ejac-
ulatory dysfunction was observed. Interestingly, 
there were no statistically signifi cant differences 
in the rate of complete or partial impotence 
between the total mesorectal and close rectal dis-
section techniques (2.2 % vs. 4.5 %,  P  = 0.67 and 
13.5 % and 13.3 %,  P  = 0.99, respectively). In a 
meta-analysis, which included 43 studies, the 
pooled incidence of sexual dysfunction after 
IPAA was 3.6 % [ 16 ]. 
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 Among women undergoing proctocolectomy 
for IBD, several studies have demonstrated dis-
turbances in sexual function including dyspareu-
nia, inability to achieve orgasm, and decreased 
libido [ 17 ,  18 ]. In a study of 71 women, Scaglia 
et al. found that 33 % of women reported impaired 
sexual function and 22 % reduced sexual satis-
faction post-operatively. In addition, 12 % of 
women reported dyspareunia pre-operatively 
compared to 27 % after surgery [ 19 ]. Using the 
FSFI, Ogilvie et al. found that of 83 sexual active 
women with IBD who had undergone proctec-
tomy, 47 % reported scores consistent with sex-
ual dysfunction [ 20 ]. On the other hand, a number 
of studies have shown an improvement in sexual 
function post-operatively including increased 
frequency of sexual intercourse, decreased inci-
dence of dyspareunia, and increased overall sex-
ual satisfaction [ 21 ,  22 ]. Among male patients, 
despite the known risk of injury to pelvic nerves, 
one recent study indicated improvement in sexual 
function after IPAA. In a survey of 122 men, IIEF 
domains for erectile function, sexual desire, 
intercourse satisfaction, and overall satisfaction 
showed signifi cant increases from pre to post- 
operative assessments [ 23 ]. 

 Inconsistencies in the rate of post-operative 
dysfunction reported in the literature are often 
attributed to improved general health from 
baseline, which in some cases may outweigh 
anatomic disturbances in sexual function 
caused by proctectomy. To examine the infl u-
ence of the pre- operative health status and sex-
ual dysfunction on post-operative sexual 
function, Wang et al. conducted a prospective 
study using validated surveys to examine post-
proctectomy sexual function in the IBD popula-
tion [ 24 ]. The study included 66 patients who 
had completed surveys pre- and post-opera-
tively. For men, median IIEF overall scores and 
scores in the domains for sexual desire, satis-
faction with intercourse, and erectile function 
signifi cantly improved from baseline 6 months 
post-operatively. Overall and individual domain 
scores on the Sexual Function Questionnaire 
(SFQ) also signifi cantly improved in men after 
proctectomy. While FSFI sexual desire scores 
signifi cantly improved from baseline in women, 
there was no statistically signifi cant difference 

in the SFQ scores or for the FSFI domains of 
lubrication, satisfaction, pain, orgasm, or 
arousal in women post-proctectomy.  

    Impact of Stoma 

 Fear of having a stoma is a common concern in 
patients with CD. In fact, in a prospective study 
evaluating disease-related concerns, having a 
stoma was the biggest fear in IBD patients rank-
ing higher than concern over medication side 
effects and the need for surgery itself [ 25 ]. Most 
studies comparing quality of life in patients 
undergoing proctocolectomy with IPAA versus 
proctocolectomy with end ileostomy demonstrate 
diminished sexual function and body image 
scores in those with a stoma. In the study above 
by Wang et al, in contrast to men undergoing 
IPAA, men with permanent end ileostomies only 
showed improvements in the IIEF orgasmic func-
tion domain and total IIEF score. It should be 
noted, however, that patients in the end ileostomy 
group were older and had lower baseline IIEF 
scores. Women with permanent end ileostomies 
demonstrated no signifi cant change in any of the 
FSFI domains measured [ 24 ].   

    Overview Crohn’s Disease 
and Fertility 

 The literature on fertility in Crohn’s disease (CD) 
has evolved over the past several decades. Many 
early studies relied on pregnancy rates alone to 
evaluate fertility, a method which fails to account 
for desire for pregnancy and advice against preg-
nancy. Therefore the true numbers of patients 
attempting conception are not taken into account. 
Infertility is commonly defi ned as the inability to 
conceive a pregnancy within 1 year without con-
traceptive measures. 

 A review of the literature from the 1970s and 
1980s initially suggested that Crohn’s disease 
contributed to infertility or sub-fertility [ 26 ]. 
Early studies were, however, commonly charac-
terized by biased samples (e.g., referral-center 
based selection), small sample sizes, and unclear 
defi nitions of fertility. 
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 One of the larger studies by Mayberry et al. in 
1986 compared 224 married female CD patients 
with 208 age-matched, married controls, where 
182 of the pairs status was married at the time of 
the survey [ 27 ]. Findings indicated that prior to 
diagnosis pregnancy rates were similar between 
female Crohn’s patients and controls, while fol-
lowing diagnosis Crohn’s patients had lower 
pregnancy rates. In this study, however, infertility 
was defi ned as failure to become pregnant among 
married women not using contraceptive methods 
for 6 months or longer duration. Desire for preg-
nancy was not taken into account and it was rec-
ognized that study patients did receive advice 
against pregnancy. The infertility rate among 
controls was 28–29 %, with rates of infertility 
among Crohn’s cases measured at 25 % and 42 % 
pre- and post-diagnosis, respectively. 

 A similar case–control study was conducted 
among male CD patients. Fertility was estimated 
by comparing the number of children born to the 
wives of CD patients both before and after diag-
nosis to the number born to the wives of age- 
matched controls before and after an equivalent 
“critical date.” Among 42 married, age-matched 
pairs, the mean number of children in CD patients 
prior to diagnosis was 1.2 compared to 1.5 for 
controls, and after diagnosis that number dropped 
to 0.4 compared to 0.8 in controls [ 28 ]. 

 By 1989, Narendranthan et al. recognized the 
potential inaccuracies of assessing fertility by 
pregnancy rate alone. Their publication of a 
case–control study of men with CD and ulcer-
ative colitis attempted to better assess fertility by 
inquiring about attempts at conception for 1 year 
or longer, any fertility consultation with a physi-
cian, any reproductive advice they had received 
and fi nally fears regarding childbearing. The 
analysis was limited to IBD males with female 
spouses who had no known fertility problems. Of 
the 106 men with Crohn’s disease, the number of 
children was less than controls, though not statis-
tically signifi cant (mean of 2.11 pregnancies vs 
1.75 in controls and CD patients, respectively). 
Further analysis of time-to-conception revealed 
that there was no signifi cant difference between 
CD patients and controls: 92 % and 95 % had 
spouses conceive, controls and CD patients, 

respectively. Disease duration, treatment, and the 
presence of an ostomy were also included in 
the analysis without any effect on the time-to- 
conception, thereby leading the authors to conclude 
that fecundity, or the probability of conception in 
each menstrual cycle was not different between 
men with IBD and controls [ 29 ]. 

 The studies which emerged in the 1990s were 
generally drawn from larger populations and 
more detailed, refi ned defi nitions of fertility. 
Survey data from Hudson’s 1997 study of 
Scottish women with IBD indicated that concep-
tion rates between CD and controls were similar. 
The rate of involuntary infertility found amongst 
the CD population (14 %) did not differ from 
involuntary infertility amongst the control popu-
lation. In this study, desire for pregnancy was 
taken into account, with “voluntary infertility” 
found to be higher among CD and UC patients 
than the control population. In a smaller subset 
analysis, disease activity seemed to play a role in 
the course of a pregnancy; those with remission 
or mild disease were more likely to have a normal 
delivery, whereas severe exacerbation carried an 
increased risk of preterm labor [ 30 ]. 

 Recent studies continue to confi rm similar 
fi ndings. A survey by Mañosa et al. of 503 IBD 
patients in Spain reports that the pregnancy rate 
among IBD patients (47 % CD and 53 % UC) is 
comparable to controls. The survey further evalu-
ated the 148 childless patients and found that 
78 % cited personal choice as their reason, fol-
lowed by self-reported infertility in 14 % and 
“other IBD-related causes” in 8 %. Of note, 6 % 
of these patients had consulted with a physician 
and undergone further studies for infertility [ 31 ]. 

 The phenomenon of “voluntary childlessness” 
may explain early studies’ initial interpretation of 
reduced fertility in Crohn’s patients, given the 
heavy reliance on pregnancy rates. Current litera-
ture has turned focused attention to the reasons 
behind voluntary childlessness in IBD patients. 
In a survey of Illinois CCFA members, voluntary 
childlessness was found among 18 and 14 % of 
CD and UC patients, respectively. This was signifi -
cantly higher than the rate of the general population, 
which was estimated at 6.2 % based on national 
data. The rate of non-voluntary childlessness was 
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similar to the general population (5 % in CD, 
1.7 % in UC, and 2.5 % in the general popula-
tion). The most commonly cited reasons for vol-
untary childlessness included concern regarding 
worsening or recurrence of disease due to the 
pregnancy, fear over passing the disease to prog-
eny, worry over the stress of raising a child or 
being unable to care for the child. On average 
women with CD and UC had fewer children 
(average of 0.8 and 0.6, respectively) compared 
with 1.18 average births per woman from national 
and Illinois-level census data. Given a higher 
level of education among the sample, the authors 
posit that voluntary childlessness is likely multi-
factorial and that educational attainment may 
contribute [ 32 ]. 

 An Australian survey aimed to characterize 
patients’ concerns related to IBD and pregnancy, 
their perceptions of infertility risk, and the infl u-
ence of those perceptions on reproductive behav-
ior. Respondents reported a fear of infertility in 
47.2 % of CD patients and 25.8 % of UC patients. 
Concerns regarding infertility were signifi cantly 
higher among female than male CD patients and 
those with history of surgery compared to those 
managed medically. Despite these differences, 
however, the rate of consultation with a physician 
for fertility related concerns did not differ 
between CD or UC respondents and population- 
based estimates. Patient-reported reasons for vol-
untary childlessness included fear of IBD-related 
congenital abnormalities, concern for IBD in 
child, concern for medication teratogenicity, 
receipt of advice that conception may be diffi cult 
or inadvisable [ 33 ]. 

 Generally, Crohn’s patients fertility is compa-
rable to that of the general population. The birth 
rate among these patients, however, refl ects an 
increase in “voluntary childlessness” which is 
often attributed to disease-related concerns.  

    Infl uence of Medical Management 
of Crohn’s Disease on Fertility 

 There are myriad studies addressing different 
CD therapies and their impact on fertility. 
Sulfasalazine and 5-aminosalicylates are well 
studied and recognized to have negative effects 

on male fertility, attributed to oligospermia with 
inhibited sperm morphology and motility [ 34 ]. 
These effects are known to abate with discontinu-
ation of therapy. 

 While Sulfasalazine and 5-ASA have been 
well studied with consistent results, a review of 
additional CD therapies, such as corticosteroids 
and biologic agents reveals confl icting studies or 
limited data [ 35 ]. While rat studies suggest nega-
tive effects of corticosteroids on fertility, there 
are limited data in human studies. Increased ste-
roid levels in men may result in decreased sperm 
concentration, which argues to limit steroid 
treatment to short durations in order to control 
active disease. Immunosuppressive agents such 
as mercaptopurine (6-MP) and azathioprine 
(AZA) are characterized by confl icting data and, 
as such, are believed unlikely to have signifi cant 
effects on fertility. Biologic agents such as inf-
liximab and adalimumab are poorly studied and, 
therefore, effects on fertility are generally 
unknown. Regarding medication effects on 
female fertility, most IBD medications have not 
been shown to have a detrimental effect, except-
ing the known teratogenic and mutagenic effects 
of methotrexate [ 35 ]. 

 The importance of pre-conception  medications 
in the female CD patient cannot be underesti-
mated. One review indicates that regardless of 
fertility effects, the treating provider must review 
the FDA classifi cation of drugs which may safely 
be used in pregnancy [ 36 ]. Sulfasalazine and 
5-ASA are characterized by initial reports of ter-
atogenicity and congenital defects, however, 
later, larger studies have not supported these fi nd-
ings. Use of antibiotics should be carefully 
guided; there is a low teratogenic risk of metroni-
dazole, quinolones, and rifaxamin. In the face of 
alternative agents, medications with an unknown 
safety profi le should be avoided. Biologic agents 
are generally considered low risk, with infl ix-
imab supported by more data than adalimumab. 
As in male fertility studies, AZA and 6MP are 
controversial, with some data suggesting terato-
genicity, but additional data from transplant lit-
erature supporting the safety of their use. The 
teratogenicity of medications such as thalido-
mide and methotrexate precludes their use in a 
pre-conception patient [ 36 ].  
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    The Role of Surgical Treatment 
of Crohn’s Disease on Infertility 

 As discussed previously, much of the literature 
on surgical management of IBD focuses on proc-
tocolectomy with IPAA. Though this operation is 
usually limited to UC patients, instances of inde-
terminate colitis and the shared pathophysiology 
of post-operative adhesions make a discussion of 
proctocolectomy with or without IPAA an impor-
tant part of understanding the role of surgery as it 
relates to infertility in Crohn’s disease. 

 A 1990 study by Wikland included 41 female 
UC patients and 31 female CD patients after 
proctocolectomy with end ileostomy in evaluat-
ing gynecologic problems and fertility post- 
operatively. Data were gathered both through 
self-report questionnaire and correlation with 
gynecologic examination. The most common 
gynecologic problem reported was a signifi cant 
increase in vaginal discharge in 49 % of these 
women post-operatively, compared to 9 % pre- 
operatively. Anatomic changes were observed on 
gynecologic exam in 81 % of the patients, with 
the most common change being caudal fi xation 
and dilation of the posterior vaginal fornix. 
Fertility was assessed via self-report of pregnan-
cies conceived over those attempting conception. 
Survey fi ndings indicate that pregnancy rate 
before and after surgery differed signifi cantly, 
with 72 % of patients (39/54) becoming pregnant 
before surgery compared to 37 % (10/27) after 
surgery [ 37 ]. Given the anatomic changes 
observed, the source of the decreased fertility is 
presumed due to adhesions within the pelvis. 
A similar study evaluated patients following 
restorative proctocolectomy with IPAA. Anatomic 
changes were evaluated with hysterosalpingogra-
phy, which revealed that of 21 IPAA patients, two 
patients had bilateral occlusion of the fallopian 
tubes and 9 had unilateral occlusion [ 38 ]. 

 In a questionnaire survey of men and women 
in Finland, 95 UC patients who had undergone 
proctocolectomy with IPAA reported an infertil-
ity rate of 20 % among females and a rate of erec-
tile dysfunction of 14.6 % among males. The 
infertility rate in this study was slightly higher 

than established population rates at the time, with 
infertility reported from 6 to 10.6 % in Nordic 
populations [ 39 ]. 

 Recent data from North America supports 
these fi ndings, with increased infertility rates 
observed among surgically treated UC patients. 
Several studies compare the rate of infertility 
within the same patients both pre- and post- 
operatively. A Cleveland Clinic study of 300 
patients confi rmed reduced fertility among 
women following restorative proctocolectomy 
with IPAA. This survey found that among UC 
and FAP patients who attempted to conceive 
prior to surgery, 48 out of 127 were unsuccessful 
after 1 year without contraception (38 %). This 
was compared with 76 out of 135 women unable 
to conceive for a similar duration after surgery 
(56 %). It is worth noting that both pre- and post- 
operative infertility rates are higher than the US 
average, estimated at 13.8 % [ 40 ]. A recent meta- 
analysis focused on a comparison between pre- 
and post-IPAA patients, confi rming that the 
relative risk of infertility was signifi cantly 
increased at 3.91 (95 % CI 2.06, 7.44) [ 41 ]. 

 Other studies focus on comparison between 
surgical patients and medically managed coun-
terparts. A Canadian study found that the infer-
tility rate among UC females following IPAA 
(38.1 %) was signifi cantly higher than in UC 
females managed nonoperatively (13.3 %) [ 42 ]. 
Focusing on comparison between surgical and 
medical treatment of UC, a meta-analysis con-
cerning fertility changes showed relative risk of 
infertility after surgery was 3.17, with a 95 % 
confi dence interval of 2.41–4.18. Raw data was 
used from the included studies to calculate the 
weighted average infertility rate among non- 
surgical UC (15 %) and among post-operative 
patients (48 %) [ 43 ]. 

 As laparoscopy becomes more widely uti-
lized, however, new data suggest that the negative 
impact of IPAA on fertility may be curtailed with 
a minimally invasive approach. A cross-sectional 
study across three centers in the Netherlands and 
Belgium found that among laparoscopic IPAA 
patients, 19 of 27 (70 %) females attempting con-
ception after surgery became pregnant compared 
to open IPAA patients, in which 9 of 23 (39 %) 
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achieved pregnancy [ 44 ]. A study of 2 centers in 
France reported preserved fertility among women 
following laparoscopic IPAA in comparison with 
controls following laparoscopic appendectomy. 
The pregnancy rate among female laparoscopic 
IPAA patients was 73 %, with 11 of the 15 
patients achieving conception naturally; this did 
not signifi cantly differ from the pregnancy rate 
among laparoscopic appendectomy controls [ 45 ]. 

 Fertility in Crohn’s disease is, therefore, simi-
lar to the general population, with the exception 
of the subset of patients who are surgically man-
aged with pelvic dissections. Even among this 
subset, there are opportunities for improvement 
with the advance of laparoscopic techniques and 
mechanisms to decrease the extent of dissection 
and adhesion formation.  

    Addressing Sexual Dysfunction 
and Infertility with Patients 

 While the true incidence of sexual dysfunction 
and infertility in patients with CD is unknown it 
is clear that they are concerned with the impact of 
the disease on their relationships, self-image, 
fecundity, and sexual function. Unfortunately, 
health care professionals do not adequately 
address sexual health in the context of disease 
activity or the effects of treatment on sexual func-
tion. In a study by Borum et al, women with IBD 
were surveyed regarding whether their physi-
cians discussed sexual function and sexuality and 
with what frequency. Twelve of sixty-four women 
reported that the issue had been addressed by 
their gastroenterologist but in all cases the dis-
cussion had been initiated by the patient [ 46 ]. 
Patients are generally uncomfortable discussing 
sexual function and sexuality and therefore are 
unlikely to volunteer information regarding sex-
ual dysfunction. It is therefore the burden of the 
healthcare professional to create a supportive 
environment in which to discuss relationships, 
sexual function, and fertility and to provide dis-
ease specifi c information on sexual dysfunction 
and infertility to patients with CD in order to 
facilitate the psychosocial adjustment required 
with this disease.  

    Conclusion 

 Patient related and treatment factors associated 
with CD have a signifi cant impact on sexual 
function and fertility. Patients need to be coun-
seled on the affect of their disease process and 
various treatment regimens on functional out-
comes and feel comfortable discussing these 
issues with their healthcare providers.     
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         Quality of life is an important outcome in clinical 
medicine. Despite this, there is little consensus 
on its defi nition or on the optimal method for 
measuring it. In 1947, the World Health 
Organization (WHO) introduced a broadened 
defi nition of health as “a state of complete physi-
cal, mental and social well-being and not merely 
the absence of disease” which has been adopted 
by many [ 1 ]. It incorporates the domains of phys-
ical, emotional, and social well- being into the 
concept of quality of life. Somatic sensation (i.e., 
presence or absence of pain) is sometimes 
included [ 2 ]. Others have added economic well-
being (i.e., the ability to earn a living or perform 
work) but some have rejected this domain since it 
then implies that quality of life varies with the 
level of remuneration one receives for that work. 
It is also accepted that quality of life should be 
assessed by or considered from the patient’s per-
spective, that quality of life may fl uctuate over 
time and there may be cross cultural differences. 
Calman has also proposed the defi nition of quality 
of life as “the gap between a person’s expectations 

and achievements” which seems appropriate and 
also incorporates the concept that quality of life 
is personal and may vary among individuals [ 3 ]. 

    Methods for Assessing Quality 
of Life 

 In general, there are two different types of instru-
ments used to measure quality of life: psycho-
metrically and utility based measures [ 4 ]. There 
are advantages and disadvantages to both. 
Psychometrically based measures of quality of 
life attempt to quantify this phenomenon using a 
range of questions from the various domains 
being assessed. The ratings or scores of the indi-
vidual items are usually summated to give an 
overall measure of quality of life. Items can be 
equally weighted to derive a summary score or 
they can be differentially weighted in accordance 
with the importance of each item. There are two 
types of psychometric measures. Generic mea-
sures have been designed to be applicable to indi-
viduals with a broad range of diseases and 
impairments, undergoing varied treatments. Their 
usefulness is that they are applicable to a wide 
range of groups and therefore quality of life 
between these groups can be compared. The dis-
advantage is that they may lack the sensitivity to 
detect small but clinically important differences 
in a particular group of patients. Other advantages 
of the generic instruments are that they often have 
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been used extensively and therefore their validity 
and reliability have been well established in var-
ied populations, they can be used to compare out-
comes among different groups and they can be 
useful in cost-effectiveness studies and health 
policy analysis. They can also detect and measure 
unexpected treatment effects. Some examples of 
generic instruments are the Medical Outcomes 
Trust SF-36 [ 5 ], the Sickness Impact Profi le [ 6 ], 
and the Nottingham Health Profi le [ 7 ]. 

 Disease-specifi c instruments have been 
designed to measure those areas of quality of life 
of importance to specifi c patient populations. 
Usually these instruments contain items of 
importance to this population, so disease-specifi c 
measures may be more responsive to small, clini-
cally important changes and may better discrimi-
nate between individuals within the population. 
They may also appear more relevant to clinicians 
and patients. However, they tend to have less 
established reliability and validity than generic 
measures and cannot be used to compare differ-
ent populations to whom disease-specifi c instru-
ments are not applicable. 

 There are several disease-specifi c instruments 
that have been developed for assessing patients 
with infl ammatory bowel disease. The Cleveland 
Clinic Questionnaire for IBD was developed for 
use in daily clinical practice and as a quality 
assurance tool [ 8 ]. It has 18 items sampling func-
tional performance, social function, life in gen-
eral, and medical symptoms. It is limited in its 
usefulness in that the scores from each item can-
not be summated. In a small sample of 164 
patients, patients with ulcerative colitis experi-
enced superior quality of life to that of patients 
with Crohn’s disease, as did patients who had 
never required surgery compared to those who 
had undergone surgery previously. Otherwise, its 
use has been limited and it has not been formally 
tested for validity and reliability. 

 Drossman and colleagues developed the 
Rating Form of Infl ammatory Bowel Disease 
Patient Concerns (RFIPC) [ 9 ]. It is a 25-item 
measure assessing 4 domains including the 
impact of disease, sexual intimacy, complica-
tions of disease, and body stigma. Responses 
are recorded on a 10 cm visual analogue scale. 

These investigators have used this instrument to 
assess both ulcerative colitis and Crohn’s dis-
ease patients. Patients’ greatest concerns were 
observed to be related to surgery, energy level, 
and body image. As well, the severity of their 
concerns correlated with psychological well- 
being and daily function. They also correlated 
better with health-care utilization than with dis-
ease activity scores. 

 The Infl ammatory Bowel Disease Question-
naire (IBDQ) was developed by Irvine and col-
leagues from McMaster University [ 10 ,  11 ]. The 
original instrument included 32 questions 
grouped into 4 categories, including bowel symp-
toms (10 questions), systemic symptoms (5 ques-
tions), emotional function (12 questions), and 
social function (5 questions). Response options 
are rated in terms of frequency on a 7-point Likert 
scale so the summary score may range from 32 to 
224. More recently a shortened version has been 
developed. The IBDQ has been tested in multiple 
cohorts of patients and randomized controlled tri-
als [ 11 – 16 ]. It has been shown to be both reliable 
and valid and responsive to change in outpatients 
being treated medically for Crohn’s disease. In 
42 patients in the Canadian Crohn’s Relapse 
Prevention Trial, who were clinically stable over 
8 weeks, an intra-class correlation coeffi cient of 
0.67 was obtained. In the same study, changes 
in the IBDQ correlated with changes in disease 
activity scores and patient global assessments so 
patients who had exacerbation of their disease also 
had substantial worsening of the IBDQ scores. 
While the validity of this instrument has been 
established in patients who have Crohn’s disease, 
it has not been formally assessed for evaluating 
post-operative patients. However, the IBDQ now 
would be regarded as the gold standard for assess-
ing quality of life in patients with Crohn’s disease 
and over the years it has been used extensively in 
clinical trials as well as for comparing outcome 
in cohorts of patients with various patterns of 
disease and disease activity [ 17 ]. More recently 
two shorter instruments have been developed. 
The obvious benefi ts are that they are easier to 
administer. These include the Short Health Scale 
which includes only four items each of which are 
scored on a visual analogue scale [ 18 ]. It was 
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validated against the IBDQ and was found to 
correlate well with a correlation coeffi cient of 
−0.836. Surti and colleagues also developed a 
“Novel Single-Item Rating Scale” which includes 
only one item and has been validated in only a 
small sample of patients with moderately good 
correlation [ 19 ]. 

 The alternative to measuring quality of life 
psychometrically is using utility based measures 
[ 20 ,  21 ]. Utilities represent individual’s prefer-
ences for a given state relative to death or perfect 
health. Complete wellness is given a utility value 
of 1.0 and death 0. A health state less than com-
pletely well is given a value between 0 and 1.0. 
Utilities may be assigned using either a decom-
posed or holistic approach. In the decomposed 
method, an individual is asked to rate his/her 
functioning in a number of health domains or 
attributes. For each specifi c category, a utility 
value is generated from a defi ned population and 
they can then be combined. In the holistic 
approach, an individual assigns a utility to his/her 
health status taking into consideration all aspects 
of quality of life. Two methods for generating 
utilities are the standard gamble method or time 
trade-off technique. In the standard gamble, a 
utility is calculated based on how much risk the 
patient would be willing to take to have normal 
health rather than his/her present health state 
while in the time trade-off, the utility is calcu-
lated based on how many years of life the patient 
would be willing to give up. Utility assessments 
tend to be less sensitive in detecting differences 
or changes than psychometrically based mea-
sures. As well, if the holistic approach is used to 
generate utilities, it is not possible to discern 
which domain or aspect of health is affected. 
Their main use has been in the fi eld of health eco-
nomics and policy making in performing cost 
utility studies.  

    Quality of Life in Patients 
with Crohn’s Disease 

 Understanding and assessing quality of life in 
individuals with Crohn’s disease is diffi cult 
because the disease is chronic; the patterns, site, 

and manifestations of disease are quite variable 
and fi nally the activity of the disease may vary 
over time. Thus, quality of life may vary amongst 
individuals as well as within individuals, depend-
ing on the activity when it is measured. It appears 
that disease activity has the greatest impact on 
quality of life although some studies have reported 
decreased quality of life in patients even when the 
disease is not active. Reduced quality of life in 
individuals who are in remission is attributed to 
concerns regarding the uncertainty of the disease 
and the future, particularly the need for surgery 
and an ostomy [ 16 ]. In addition, many patients 
complain of chronic fatigue and this may impact 
on their general well-being and quality of life. 

 The IBSEN study is a population based pro-
spective cohort study which included 144 newly 
diagnosed patients between 1990 and 1993. The 
investigators reported outcome after 10 years of 
follow-up including quality of life in 99 patients 
who completed the SF-36 and a Norwegian ver-
sion of the IBDQ [ 15 ]. After adjusting for age, 
gender and education, the Crohn’s patients were 
found to have lower SF-36 scores on the general 
health and vitality dimensions compared to popu-
lation controls. The mean IBDQ score was 183 
(95 % CI 178–189) which is similar to reported 
scores of patients in remission. However, patients 
who reported current symptoms related to their 
Crohn’s disease had lower scores on seven of the 
eight dimensions of the IBDQ. On multiple linear 
regression analysis, only current symptoms were 
associated with reduced IBDQ scores. 

 Blondel-Kucharski and colleagues followed a 
cohort of 231 patients with Crohn’s disease who 
were identifi ed by 23 gastroenterologists who 
practice in 19 hospitals in France [ 22 ]. They also 
found signifi cantly lower SF-36 scores compared 
to the standard population and noted that patients 
worried about having an ostomy, the uncertainty 
of the disease, their energy level, and the need for 
surgery. Of note, compared with patients’ assess-
ments, physicians underestimated the impact of 
Crohn’s disease on quality of life. 

 Guassora and colleagues also compared qual-
ity of life with a modifi ed IBDQ in 94 Crohn’s 
patients followed in Copenhagen to that of 
matched controls [ 23 ]. Contrary to the fi ndings of 
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the other studies described above, although these 
investigators observed differences between the 
scores in the two groups, the differences were 
small and not considered clinically signifi cant. 
This may be due to the fact that 74 % of the 
Crohn’s patients were in remission when the 
assessment was completed. Disease activity again 
was the main determinant affecting quality of life. 

 Disease activity seems to be the biggest deter-
minant of quality of life. Cohen performed a sys-
tematic review of 10 studies which assessed the 
effect of disease activity on quality of life [ 17 ]. In 
eight of the studies, validated instruments were 
used including one study which measured dis-
ease activity with utility scores [ 24 ]. In nine of 
the ten studies disease activity correlated with 
quality of life. This included correlation with 
global as well as all dimensional scores of the 
disease-specifi c questionnaires. 

 In the ACCENT I trial, which assessed the 
effi cacy and safety of maintenance therapy with 
infl iximab, patients had elevated Crohn’s Disease 
Activity Index (CDAI) scores of 220–400 at 
entry [ 14 ]. The primary outcome was a change in 
CDAI scores but in addition, the physical and 
mental components of the SF-36 were adminis-
tered at baseline, week 10, 30, and 54 so quality 
of life could be assessed prospectively. At base-
line, patients had severely impaired quality of life 
with mean scores of 34 ± 8 and 39 ± 11 (out of 50) 
for physical and mental components, respec-
tively. At week 54, the mean physical and mental 
component scores for those in remission were 
46.6 and 49.8, respectively, which are similar to 
that of the general US population whereas for 
those who were not in remission the mean scores 
were 37.4 and 41.3, respectively. As well, this 
trend was observed in employment rates. At 
baseline, 38.4 % of patients were unemployed 
whereas the unemployment rate decreased to 
26.4 % in the group in remission and only to 
33.5 % in the group who were not in remission. 

 Castillo-Cejas and colleagues looked at the 
effect of fatigue on quality of life in 99 patients 
who had Crohn’s disease [ 25 ]. Not only did 
they fi nd that fatigue correlated signifi cantly with 
disease activity, it also correlated with quality 
of life. Zhang and colleagues, in a study of 105 

patients, found that depression was the most 
signifi cant predictor of poor quality of life and 
in this study disease activity was only weakly 
correlated with quality of life [ 26 ].  

    Quality of Life in Patients having 
Surgery for Crohn’s Disease 

 Quality of life is an important consideration in 
patients having surgery for Crohn’s disease. 
Whereas morbidity and mortality were appropri-
ate measures to assess outcome 50 years ago 
when, for instance, the accepted mortality for 
toxic megacolon was 30–50 %, today deaths fol-
lowing elective and emergency surgery are rare. 
Furthermore, surgery is rarely performed for a 
life saving indication. Rather, one of the most 
common indications for surgery in patients with 
Crohn’s disease is failure of medical therapy, or 
in effect, poor quality of life. Thus, if one wishes 
to assess whether surgery has been successful, 
then it is imperative that quality of life be mea-
sured. Finally, because Crohn’s is a chronic dis-
ease and occurs in young individuals, it is very 
important that surgery does more good than harm 
since surgery is not curative. 

 Several studies have shown that quality of life 
is improved following surgery [ 27 – 29 ]. Thus, 
whether patients have a medically or surgically 
induced remission, quality of life is improved 
compared with the status of patients with active 
disease. Furthermore, a high quality of life fol-
lowing surgery can be sustained as long as the 
patient is in remission. Conversely, if the disease 
does recur, quality of life worsens. This has been 
shown in multiple studies using a range of instru-
ments including the IBDQ, The Cleveland Clinic 
Global Quality of Life (CGQL), the RIFPC, The 
Psychological General Well Being Index 
(PGWBI), and the EuroQol. As well, utility stud-
ies using the time trade-off technique and direct 
questioning of objectives have been used. 

 Yazdanpanah and colleagues assessed a small 
cohort of 26 patients with the RFIBDPC as well 
as the SF-36 [ 30 ]. They were able to show that 
quality of life improved post-operatively but 
interestingly patients’ concerns were unchanged. 
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The fi ve most common concerns were having an 
ostomy, requiring further surgery, energy level, 
uncertainty of the disease, and pain and suffering. 
Scarpa and colleagues also reported improve-
ment in quality of life after surgery in a cohort of 
97 patients but in addition to disease activity, the 
number of daily stools was found to impact on 
quality of life [ 31 ]. Finally, Delaney and col-
leagues assessed quality of life 30 days post- 
operatively and not surprisingly found that 
development of complications also affected qual-
ity of life [ 32 ]. However, this does not seem to 
affect long-term quality of life. Kasparek and 
colleagues assessed quality of life using a variety 
of validated instruments in a cohort of 48 patients 
who had suffered complications and a control 
group of 43 patients whose surgery was uncom-
plicated [ 33 ]. Quality of life was comparable in 
the two groups except for the physical function-
ing subscale of the SF-36. 

 Bellolio-Roth and colleagues reported on the 
long-term outcome and quality of life in a cohort 
of 207 patients who had an ileocolic resection 
with a mean follow-up of 96.1 months [ 34 ]. Of 
these, 88 (42.7 %) patients self-reported clini-
cally recurrent disease and 17 (19.8 %) had 
undergone a second operation. The median total 
score was 5.5 on the short IBDQ out of a possible 
7. This is similar to scores reported by Irvine and 
colleagues and Shirbel and colleagues in patients 
with a medically induced remission: (4.67–5.83 
and 5.3, respectively) [ 35 ,  36 ]. On multivariable 
linear regression, Bellolio-Roth and colleagues 
found that self-reported recurrence of Crohn’s 
disease and non-perforating disease as an indica-
tion at the original surgery were associated with 
decreased SIBDQ scores. Thus, this study sug-
gests that long-term patients can expect to have a 
good quality of life as long as the disease does 
not recur. 

 Multiple studies have shown that short-term 
outcomes are improved in those who have had 
surgery performed laparoscopically [ 37 ]. 
However, there does not seem to be any long- 
term benefi ts with regard to quality of life. Patel 
and colleagues combined 34 studies which 
included 2,519 patients [ 37 ]. Complications were 
signifi cantly lower in patients having surgery 

laparoscopically (RR 0.71, 95 % CI 0.58–0.86) 
but there was no signifi cant difference in recur-
rence. Quality of life was not measured in any 
of these studies. In a separate study reported 
by Thaler and colleagues, 37 individuals who 
had elective laparoscopic (21) or open (16) resec-
tions were followed for a mean follow-up of 
42.6 months [ 38 ]. Patients completed the SF-36 
Health Surgery and the Gastrointestinal Quality 
of Life Index (GIQLI). The mean physical (PCS) 
and mental component summary (MCS) scales of 
the SF-36 were 47.2 and 49.2, respectively (range 
0–50). The overall mean score on the GIQLI was 
103 (possible range 0–144). There was no signifi -
cant difference in mean scores in those who had 
open compared with laparoscopic surgery. As in 
other studies, recurrence was also the only factor 
associated with a decreased quality of life. 

 Although quality of life appears to be similar 
irrespective of the surgical approach, Dunker and 
colleagues have reported that body image and 
cosmesis is superior in patients having a laparo-
scopic surgical approach [ 39 ]. The results of this 
study are limited, though, because only 11 
patients in each group were surveyed using a 
non-validated instrument. 

 Despite patients’ concerns and fears about an 
ostomy, many studies have suggested that quality 
of life is good in individuals that have a stoma 
[ 40 ,  41 ]. This likely is due to an improvement in 
physical well-being due to eradication of disease 
activity. On the other hand, Knowles and col-
leagues reported on a small sample of 31 patients 
who had Crohn’s disease and a stoma. Using 
three validated instruments, they found that 
approximately half reported having anxiety and 
depression related to the stoma [ 42 ].  

    Quality of Life of Patients 
with Perianal Disease 

 Perianal disease is a common manifestation of 
Crohn’s disease. Manifestations may range from 
skin tags to complex and multiple fi stulas. 
Patients with fi stulas, especially, may suffer 
signifi cantly with pain and discharge despite 
medical and surgical treatment. Although most 
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clinicians would likely feel that the presence of 
perianal disease has a signifi cant negative impact 
on quality of life, little has been written on this 
topic. Riss and colleagues surveyed 69 patients 
who had perianal disease and had undergone 
surgery for simple (11) or complex (58) fi stulous 
disease and compared their results to healthy 
controls [ 43 ]. Not surprisingly, the physical 
health component was signifi cantly lower in the 
patients compared with the controls. However, 
there was no signifi cant difference in the mental 
health component. The mean IBDQ score of the 
patients with perianal disease was also lower 
(mean 157) than the controls (mean 189). With 
regard to sexual activity, only 59.4 % of patients 
stated they were sexually active in the last 4 
weeks compared with 73.9 % of the controls. 
However, the overall score of the Female Sexual 
Function Index (FSFI) which was used to assess 
sexual function in female patients and the 
International Index of Erectile Function (IIEF) 
which was used to assess sexual function in males 
were not signifi cantly different between the 
patients and the controls. Another study reported 
by Kasparek and colleagues found that the qual-
ity of life of patients who had a diverting stoma 
because of severe perianal disease was similar to 
those who were not diverted [ 44 ]. This likely 
refl ects the improvement in symptoms due to the 
defunctioning stoma.  

    Conclusion 

 Quality of life is an important metric for the 
assessment of Crohn’s disease. Furthermore, it 
should be a major consideration in ensuring 
patients receive patient centered care. Multiple 
studies show that quality of life is good in patients 
where the disease is in remission—whether it is 
induced medically or surgically and worsens sig-
nifi cantly if the disease is active. Thus, a major 
therapeutic goal should be to ensure patients are 
and stay in remission. 

 Despite this, however, quality of life is lower 
in Crohn’s patients than the normal population. 
In part this seems to be due to fatigue as well as 
concerns and uncertainty about the disease. 

Thus, psychosocial support should be available 
to assist patients in achieving optimal well-being 
and quality of life.     
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