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 INTRODUCTION 
 Crohn ’ s disease (CD) encompasses a multisystem group of 

disorders with speci� c clinical and pathological features char-

acterized by focal, asymmetric, transmural, and, occasionally, 

granulomatous in� ammation primarily a  ecting the gastro-

intestinal (GI) tract. $ is multisystem disorder with potential 

for systemic and extraintestinal complications  (1)  can a  ect 

any age group, but the onset (diagnosis) is most common in 

the second and third decades (teenagers and young adults). 

$ e incidence and prevalence of CD in the United States 

are rising for reasons that are unclear. $ e incidence and 

prevalence of CD in the United States are similar to other 

 “ Westernized ”  countries, and estimated to be 5 / 100,000 and 

50 / 100,000, respectively  (2) . 

 It is important to di  erentiate CD from other in� am-

matory bowel diseases that can simulate or complicate its 

clinical course  (1) . CD is a chronic in� ammatory disorder 

that is neither medically nor surgically  “ curable, ”  requiring 

therapeutic approaches to induce and maintain symptomatic 

control, improve quality of life, and minimize short- and long-

term toxicity and complications  (3) . Newer goals of therapy 

include the induction and maintenance of mucosal (and histo-

logic) healing  (4,5)  that are beginning to translate into chang-

ing the  “ natural history ”  of CD  (6) . Despite the relatively low 

incidence and prevalence of CD compared with more com-

mon GI disorders, the cost of medical and surgical therapy for 

patients with CD is estimated to be up to US $ 2 billion annu-

ally in the United States and is increasing with the advent of 

newer biological approaches  (7,8) . Estimates of hospitalization 

rates for CD are di:  cult to estimate for the US population. $ e 

most recent data are from 1998 and have been extrapolated 

to US dollars in 2000. $ e total direct and indirect costs for 

CD in the US were estimated at US $ 826 million and based on 

84,000 in-patient hospital days and 1.3 million outpatient vis-

its  (9) . Once patients are started on corticosteroids, up to 38 %  

of patients will require surgery within 1 year therea> er  (10) , 
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and in a recent population-based cohort study from Canada, 

hospitalization rates for CD are estimated to be 27 / 100,000 

population with an estimated length of stay of 9 days, with nearly 

half of all hospitalizations requiring surgery  (11) . Since the 

previous edition of these guidelines  (12) , signi� cant advances 

have been made focusing on therapeutic alternatives for patient 

care. As a consequence of the varied presentations of patients 

with CD, and the heterogeneity among patients, a comprehen-

sive evidence-based  (13)  approach for each clinical scenario is 

not plausible. Recent guidelines regarding the management of 

CD have also been published from the UK  (14)  and Europe  (15)  

and guidelines for using corticosteroids, immunomodulators, 

and in� iximab have also been published from the US  (16,17) .   

 CLINICAL FEATURES 
 $ e heterogeneity of manifestations, a potentially insidious 

onset, the presence of overlapping features with other in� am-

matory bowel diseases, and / or the presentation without GI 

symptoms (i.e., extraintestinal symptoms), can make the 

diagnosis of CD di:  cult  (1) . Characteristic symptoms of 

chronic or nocturnal diarrhea and abdominal pain, weight 

loss, fever, or rectal bleeding re� ect the underlying in� am-

matory process (the absence of rectal bleeding may suggest 

CD over ulcerative colitis)  (18,19) . Clinical signs include 

pallor, cachexia, an abdominal mass or tenderness, or perianal 

� ssures, � stula, or abscess. Associated extraintestinal features 

can include in� ammation of the eyes, skin, or joints (see below) 

 (20)  and, in children anemia, fever, the failure of growth, 

or delayed development of secondary sex characteristics  (21)  

can be observed. Although the onset is typically insidious, 

occasionally, CD can present in a fulminant manner at its 

onset or with the presence of toxic megacolon  (22) . Despite 

its potential heterogeneity, individual manifestations, and 

complications, there are de� nable patterns according to dis-

ease location  (23)  and type (in� ammatory, � brostenotic, and 

� stulizing)  (24)  that are important in determining clinical 

outcomes. However, even the most recent classi� cation sys-

tem that considers age at diagnosis, disease location, and dis-

ease behavior  (25)  is not stable throughout the disease course, 

particularly regarding the phenotypic disease behavior that 

tends to progress to � brostenosis or � stulization  (26,27) . 

 $ e ileum and colon are the most frequently a  ected sites, 

commonly complicated by intestinal obstruction, in� amma-

tory mass, or abscess  (23,28) . $ e acute presentation of ileitis 

may mimic appendicitis and, rarely, CD may be limited to the 

appendix. In contrast to ulcerative colitis, perianal manifesta-

tions are unique to CD and may precede the onset of bowel 

symptoms  (29) . Patients with CD limited to the colon typi-

cally present with rectal bleeding, perianal complications, 

and extraintestinal complications involving the skin or joints 

 (30) . CD limited to the colon can be di:  cult to distinguish 

from ulcerative colitis  (1) . Di  use jejunoileitis is a less com-

mon variant o> en complicated by multiple stenoses, bacterial 

overgrowth, and protein-losing enteropathy  (31) . $ is variant 

of CD is more common in patients with younger age. Gastric 

and duodenal manifestations include epigastric pain, nau-

sea and vomiting, and / or gastric outlet obstruction  (32) . 

Gastric biopsies demonstrating focal gastritis in the absence 

of  Helicobacter pylori  has been helpful in the diagnosis of 

CD in children with indeterminate colitis  (33) . 

 Extraintestinal symptoms of CD related to intestinal in� am-

mation include spondylarthritis (ankylosing spondylitis 

and sacroiliitis), peripheral arthritis, cutaneous manifestations 

(erythema nodosum and pyoderma gangrenosum), ocular 

in� ammation (uveitis, episcleritis, or sclero-conjunctivitis), 

primary sclerosing cholangitis, and hypercoagulability  (34) . 

In addition, CD may also be complicated by sequelae related 

to malabsorption (e.g., anemia, cholelithiasis, nephrolithiasis, 

or metabolic bone disease). $ ere has also been an increased 

awareness that CD of long duration can be complicated by 

adenocarcinoma of the GI tract  (35,36) .  

 Natural history 
   Luminal CD   .   CD typically has a chronic, relapsing course  (37)  

with approximately half of all patients being in clinical remis-

sion at any particular time. If an individual patient is in remis-

sion for 1 year, there is an 80 %  chance that this individual will 

remain in remission over the course of the subsequent year. 

For a patient who has active disease in the past year, there is 

a 70 %  chance that this patient will be active in the forthcom-

ing year; with a 50 %  chance of being in remission within the 

ensuing 3 years. Overall, 13 %  of patients will have a relapse-free 

course, 20 %  have relapses of disease every year, and 67 %  have 

had a combination of years in relapse and years in remission 

within the � rst 8 years a> er initial diagnosis. Less than 5 %  of 

patients will have a continuous course of active disease. A sub-

sequent population-based inception cohort of patients (prior to 

the introduction of anti-TNF (tumor necrosis factor) therapy 

into routine clinical practice) was evaluated by a Markov model, 

which estimated that a representative patient with CD would be 

expected to spend 24 %  of the time in medical remission (on no 

medications), 41 %  of the time in post-surgical remission (on no 

medications), and 27 %  of the time in medical treatment with a 

5-ASA derivative only, whereas only 7 %  of the time would be 

spent having a disease activity / severity that mandated treatment 

with corticosteroids or immunomodulators  (38) .   

  Fistulizing CD   .   $ e lifetime risk of � stula development in 

patients with CD has been reported to range from 20 to 40 %  

 (29) . In a population-based series from Olmsted County, 

Minnesota, the cumulative risk for the development of 

� stula was 33 %  at 10 years and 50 %  a> er 20 years, and in up 

to 45 %  of patients � stula development preceded the diagno-

sis of CD  (39) . $ e clinical course of � stulae is variable and 

depends on their location and complexity. Internal � stulas, such 

as enterovesical (bowel to bladder), or enteroenteric (bowel 

to bowel), are more di:  cult in general to close with medical 

therapy. External � stulas may be enterocutaneous (bowel 

to skin); this subtype of � stula represents the majority of 
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� stulas seen in patients with CD. A perianal � stula, then, is 

an abnormal connection from an internal opening to the 

external surface of the perianal skin. Complex � stulae rarely 

heal spontaneously; regardless, complete � stula closure rates 

of 6 %  (for unspeci� ed time duration) and 13 %  (for at least 

1 month ’ s duration) have been reported in placebo-treated 

patients enrolled in randomized controlled trials of 

6-mercaptopurine and in� iximab, respectively. $ e recurrence 

of perianal � stulae a> er medical or surgical therapy is com-

mon and has been reported in referral centers to be as high 

as 59 – 82 % , whereas population-based cohorts have reported 

a lower overall recurrence rate (Olmstead county cohort 

reporting only 34 % )  (39) .     

 DIAGNOSIS 
 $ e diagnosis of CD is based on a composite of endoscopic, 

radiographic, and pathological � ndings documenting focal, 

asymmetric, transmural, or granulomatous features. $ e 

sequence of diagnostic maneuvers is based on presenting 

symptoms, physical � ndings, and basic laboratory abnor-

malities (grade C). Currently, the measurement of genetic 

mutations in patients with CD remains a research tool that is 

not yet proven to be of clinical bene� t for the general assess-

ment of diagnosis, guidance of patient care, or prediction of 

response to speci� c medical therapies. $ e use of genetic test-

ing is currently not recommended in the caring of patients 

with CD (level C). Additionally, serological studies evaluating 

antibodies against  Saccharomyces cerevisiae , antineutrophil 

cytoplasmic antibodies, antibodies directed against CBir1, 

OmpC are evolving to provide adjunctive support for the 

diagnosis of CD but are not su:  ciently sensitive or speci� c to 

be recommended for use as a screening tools.  

 General 
 CD should be considered in the di  erential diagnosis for 

patients presenting with chronic or nocturnal diarrhea, 

abdominal pain, bowel obstruction, weight loss, fever, night 

sweats, or symptoms re� ecting underlying intestinal in� am-

mation, � brosis, or � stula. Alternative in� ammatory bowel 

diseases (infectious, ischemic, radiation-induced, medica-

tion-induced, particularly related to the use of non-steroidal 

anti-in� ammatory drugs), or idiopathic intestinal disorders 

(ulcerative colitis, celiac disease, or microscopic colitis), and 

irritable bowel syndrome comprise the major di  erential diag-

noses  (1) . $ e presence of fecal leukocytes (or more recently 

abnormal fecal concentrations of calprotectin or lactofer-

rin) is an excellent way to con� rm intestinal in� ammation or 

in� ammation in general; sometimes the presence of intestinal 

in� ammation is also re� ected in serum acute-phase reactants 

(e.g., elevated erythrocyte sedimentation rate, and elevated 

orosomucoid, and elevated C-reactive protein). In the presence 

of diarrhea at presentation or relapse, stools should be exam-

ined for enteric pathogens, ova, and parasites, and  Clostridium 

di�  cile  toxin  (40) . Serological studies evaluating antibodies 

against  S. cerevisiae , antineutrophil cytoplasmic antibodies, 

antibodies directed against CBir1, OmpC  (41)  are evolving to 

provide adjunctive support for the diagnosis of CD  (42)  but 

are not su:  ciently sensitive or speci� c to be used as screening 

tools  (43,44) .  

  Genetic testing   .   Evidence, to date, suggests that CD is likely to 

be a complex genetic disorder with a combination of genetic 

predisposition and potential environmental triggers. $ us, 

clinical cases we currently classify as CD likely encompass a 

heterogeneous subset of disorders, with di  ering immuno-

pathogenic mechanisms  (18) . Recently, the NOD2 / CARD15 

gene (IBD1 locus on chromosome 16) has been described 

to be associated with CD with a pattern of ileal involvement, 

� brostenotic disease, an earlier age of onset, and a family 

history of CD. Carriage of a single copy of the risk alleles in-

creases the risk of developing CD by 2- to 4-fold. A substantially 

higher risk is conferred to patients who carry two copies of the 

risk alleles; the risk of developing CD is 20- to 40-fold in 

these patients. NOD2 / CARD 15 functions to a large extent 

in an autosomal recessive pattern, as is exempli� ed by the 

observation that compound heterozygous or homozygous risk 

alleles confer a greater risk than heterozygotes or single-dose 

carriers. Approximately 8 – 17 %  of CD patients possess two 

copies of the major risk alleles for NOD2 / CARD 15. Approxi-

mately 27 – 32 %  of patients with CD carry only one major risk 

allele; in comparison to 20 %  of Caucasian controls  (45 – 47) . 

  In a similar manner, a non-synonymous single nucleotide 

polymorphism in the SLC22A4 gene encoding the organ-

ic cation transporter OCTN1 has been linked with CD in 

Caucasian populations (a 1672CT transversion, resulting in 

the amino-acid substitution L503F)  (48) . However, the func-

tional consequences of this alteration remain to be established. 

Recently, single nucleotide polymorphisms in the interleukin-

23 (IL-23) gene have been reported in patients with in� amma-

tory bowel disease  (49) . Currently, the measurement of allelic 

mutations in patients with CD remains a research tool that is 

not yet proven to be of clinical bene� t for the general assess-

ment of diagnosis, guidance of patient care, or prediction of 

response to speci� c medical therapies.   

  Endoscopy   .   Upper or lower GI endoscopy is used to 

con� rm the diagnosis of CD, assess disease location, or obtain 

tissue for pathological evaluation  (44) . Endoscopy can also 

serve a therapeutic role in the dilation of strictures, particu-

larly those at a surgical anastomosis, although double-blind, 

sham-controlled trials are lacking  (50,51) . A recent system-

atic review suggested that those patients who bene� t most 

from endoscopic balloon dilation have short (less than 4   cm) 

postsurgical anastomotic strictures  (52) . $ e use of adjunctive 

corticosteroid injection into strictures at the time of balloon 

dilation was not e  ective  (53) . 

  Endoscopic appearance, to date, has not correlated with 

clinical disease activity a> er steroid therapy  (54) , but there is 

a closer correlation between therapeutic e  ects and mucosal 
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healing with anti-TNF monoclonal antibodies  (55) . Upper 

GI endoscopic � ndings of focal gastritis have recently been 

described that are indicative of CD and separate from the 

� ndings related to  H. pylori   (33) . Colonoscopic evaluation of 

surgical anastomoses can be used to predict the likelihood of 

clinical relapse and assess response to postoperative therapy 

 (56) . Endoscopic biopsy can establish the diagnosis, di  eren-

tiate between ulcerative colitis and CD, exclude the presence 

of acute self-limited colitis, or identify dysplasia or cancer 

 (57 – 59) . Recently, the use of video capsule endoscopy (VCE) 

has been assessed, and in a prospective blinded evaluation, it 

was demonstrated to be superior in its ability to detect small 

bowel pathology missed on small bowel radiographic studies 

and computerized tomography (CT) radiographic examina-

tions  (60) . However, there is a risk of capsule retention within 

strictures that may require surgical intervention and the role 

of VCE in CD remains to be de� ned as a validated instrument 

to determine whether ulceration(s) discovered at the time of 

VCE are speci� c for CD  (61,62) . Retention of the VCE has 

been reported to occur in up to 13 %  of patients with CD  (63) . 

It is currently recommended that radiographic studies (small 

bowel follow through, CT enterography, or magnetic reso-

nance enterography) be performed prior to VCE in patients 

with CD to assess for the presence of unsuspected small in-

testinal strictures  (64,65) . Small bowel strictures, which occur 

frequently in patients with known CD, are considered to be 

a contraindication to VCE for fear of capsule retention. A 

patency capsule, which can be administered prior to the use 

of a VCE to assess for the presence of signi� cant strictures, 

has recently become available. $ e  “ patency capsule ”  is a self-

dissolving capsule that is of the same size as the video capsule. 

It contains a radiofrequency identi� cation tag that permits it 

to be detected by a scanning device placed on the abdominal 

wall. When its passage is blocked by a stenosis, the patency 

capsule dissolves in 40 – 80   h a> er ingestion.    

 Imaging studies 
 Diagnosis of CD can be accomplished by contrast radiography 

(air contrast barium enema, small bowel follow through, or 

enteroclysis) to con� rm disease location and intestinal compli-

cations  (44) . Transabdominal ultrasound or endoscopic ultra-

sonography, CT, or magnetic resonance imaging (MRI) can 

delineate and discriminate intra-abdominal masses / abscesses 

or perianal complications  (66) . Recently, CT and MRI enter-

ography have been used and early evaluation suggests e:  cacy 

in the evaluation of small bowel pathology in patients with CD 

 (67 – 70) . $ ese modalities o  er the potential to di  erentiate 

in� ammatory from non-in� ammatory disease. $ eir roles are 

evolving and have not been conclusively established  (44) . For 

patients requiring serial imaging, MRI may be preferred over 

CT to minimize cumulative risks of radiation  (71) .   

 Exacerbating factors 
 Factors recognized to exacerbate CD include intercurrent 

infections (both upper respiratory tract and enteric infec-

tions, including  C. di�  cile )  (2,40) , cigarette smoking  (2,72,73) , 

and non-steroidal anti-in� ammatory drugs  (74) . $ e issue 

of  stress  initiating or exacerbating CD remains controver-

sial  (75,76) . Although many patients (and family members) 

are convinced that stress in an important factor in the onset 

or course of illness, it has not been possible to correlate the 

development of disease with any psychological predisposition 

or exacerbations to stressful life events  (77) .    

 DETERMINING DISEASE ACTIVITY 
 $ erapeutic options are determined by an assessment of the 

disease location, severity, and extraintestinal complications. 

In the absence of a  “ gold standard ”  for the measurement of 

disease activity,  severity  is established on clinical parameters, 

systemic manifestations, and the global impact of the disease 

on the individual ’ s quality of life  (44,78,79) . Additional fac-

tors that impact on therapy include the assessment of growth 

and nutrition, extraintestinal complications, therapy-induced 

complications, functional ability, social and emotional support 

and resources, and education about the disease  (77) . 

 De� ning CD activity is complicated by the heterogeneous 

patterns of disease, location, and complications, and the 

potential for coexistent symptoms of irritable bowel syndrome. 

No single  “ gold standard ”  indicator of clinical disease has 

been established. Composite indices of disease activity have 

been used in controlled clinical trials to provide reliable and 

reproducible correlates to clinicians ’  and patients ’   “ global 

assessment of well-being ”   (13,78) , but these have not been 

commonly used in clinical practice. Regulatory authorities 

have not yet established recommendations for a single meas-

urement of disease activity. However, recent approvals for CD 

therapy in the United States have been based on de� nitions 

of  “ clinical improvement ”  and  “ clinical remission ”  supported 

by the Crohn ’ s Disease Activity Index (CDAI) and  “ � stula 

closure. ”  Recent trials with immune-modifying agents  (80 – 82)  

and biologic therapies  (83)  have evaluated  “ steroid withdrawal ”  

in patients with steroid-dependent or steroid-refractory 

disease  (44) . Endoscopic indices have been developed to 

quantify ileal and colonic lesions as well as the presence of 

recurrent disease at surgical anastomoses  (78)  and the achieve-

ment of  “ mucosal healing ”  in CD has been correlated with 

pharmacoeconomic and quality-of-life outcomes. Instruments 

have also been developed to assess perianal disease  (29,84)  and 

quality of life  (78,85) . In general, the goal of therapy for CD is 

to eliminate all disease-related symptoms, normalize the 

patients ’  quality of life, and maintain the general  “ well-being ”  

of patients with as few side e  ects and long-term sequelae 

as possible. In the future, the ability to modify the course of 

CD by reducing the evolution toward penetrating or strictur-

ing complications may be possible with combinations of bio-

logic and immune-modifying agents, similar to the treatment 

advances that have occurred for patients with rheumatoid 

arthritis. In addition, cost constraints are becoming increasingly 

important with the development of novel biological agents  (8) . 



© 2009 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

5

  

 Management of Crohn ’ s Disease in Adults 

intestinal infection (e.g.,  Salmonella ,  Shigella ,  Campylobacter , 

and  C. di�  cile ), bacterial overgrowth (especially if these 

have had an ileocolonic resection or have known intestinal 

strictures), bypass from a � stula (such as a gastrocolic � s-

tula), lactose intolerance, irritable bowel syndrome, anorectal 

sphincter dysfunction, food intolerance, intestinal obstruction 

or a stricture, accentuated gastrocolic re� ex, a medication-

related adverse event (such as diarrhea from an aminosali-

cylates), or other conditions. Although also not speci� c for CD 

activity, determination of C-reactive protein has become a 

useful laboratory correlate with disease activity assessed by 

the CDAI  (45) . In individuals without any observable mucosal 

in� ammation or ulceration, consideration should be given 

to the aforementioned potential di  erential diagnostic 

possibilities. However, it is not necessary to have the com-

plete absence of mucosal in� ammation to entertain alterna-

tive explanations for speci� c symptoms or signs; there may be 

several coexisting conditions.    

 MANAGEMENT  
 General 
 $ erapeutic recommendations depend on the disease loca-

tion, disease severity, and disease-associated complications. 

$ erapeutic approaches are individualized according to the 

symptomatic response and tolerance to medical intervention. 

Present therapeutic approaches should be considered sequen-

tial to treat  “ acute disease ”  or  “ induce clinical remission, ”  and 

then to  “ maintain response / remission. ”  Surgery is advocated 

for neoplastic / preneoplastic lesions, obstructing stenoses, 

suppurative complications, or medically intractable disease. 

Narcotic analgesia should be avoided except for the periopera-

tive setting because of the potential for tolerance and abuse in 

the setting of chronic disease  (89,90) . 

 $ e patients ’  response to initial therapy should be evalu-

ated within several weeks, whereas adverse events should be 

monitored closely throughout the period of therapy. Treatment 

for active disease should be continued to the point of sympto-

matic remission or failure to continue improvement. In general, 

clinical evidence of improvement should be evident within 2 – 4 

weeks and the maximal improvement should occur with 12 – 16 

weeks. Patients achieving remission should be considered for 

maintenance therapy. $ ose with continued symptoms should 

be treated with an alternative therapy for mild to moderate 

disease or advanced to treatment for moderate to severe disease 

according to their clinical status. 

 $ e following sections review the speci� c data and recom-

mendations for the treatment of luminal in� ammatory CD. 

$ e anatomic distribution and disease activity are the factors to 

be considered when determining appropriate medical therapy 

for individual patients. $ e anatomic distribution of disease is 

important only for medications with targeted delivery systems, 

such as sulfasalazine, mesalamine, and enteric-coated budes-

onide, or where the target for the mechanism of action may 

be localized such as greater luminal bacterial concentrations 

Although the use of biologics imposes substantial  “ up-front ”  

costs, they have been demonstrated to be cost-e  ective in 

the treatment of CD by virtue of reductions in hospitalization, 

surgeries, and other interventions  (8,86 – 88) .  

 Working defi nitions 
 Since the previous editions of these Practice Guidelines, the 

working de� nitions of CD activity have not changed sub-

stantially and are now presented and are consistent with the 

European Crohn ’ s and Colitis Organization ’ s (ECCO) grading 

of disease activity  (44) . Although the majority of clinical trials 

have utilized CDAI to assess therapeutic outcomes  (78) , a more 

 “ clinical, ”  working de� nition, for CD activity is valuable for the 

practicing physician. $ is enables clinicians to guide therapy 

in an appropriate manner. It should be stressed that there may 

be various end points to consider when de� ning remission. 

An individual may be in endoscopic remission, clinical remis-

sion, or surgical remission. An individual is in symptomatic 

remission (usually corresponding to a CDAI     <    150) when that 

patient is asymptomatic or without any symptomatic in� am-

matory sequelae. Individuals included in this category may 

have responded to medical therapy or surgical therapy (such 

as ileocolonic resection) and have no residual active disease. 

Individuals who require the use of conventional cortico-

steroids to achieve clinical well-being are said to be  “ steroid 

dependent ”  and are not considered to be in remission. $ is 

statement is based on the potential for adverse events to accrue 

in patients on conventional corticosteroids. Individuals with 

mild – moderate disease (usually corresponding to a CDAI 

150 – 220) are ambulatory and able to tolerate oral alimenta-

tion without manifestations of dehydration, systemic toxicity 

(high fevers, rigors, and prostration), abdominal tenderness, 

painful mass, intestinal obstruction, or >10 %  weight loss. Indi-

viduals who are considered to have moderate – severe disease 

(usually corresponding to a CDAI 220 – 450) are considered 

to have failed to respond to treatment for mild – moderate dis-

ease, or those with more prominent symptoms of fever, signi� -

cant weight loss, abdominal pain or tenderness, intermittent 

nausea or vomiting (without obstructive � ndings), or signi� -

cant anemia. Finally, those individuals who are considered 

to have severe / fulminant disease (usually corresponding to a 

CDAI >450) are patients with persistent symptoms despite the 

introduction of conventional corticosteroids or biologic agents 

(in� iximab, adalimumab, certolizumab pegol, or natalizumab) 

as outpatients, or individuals presenting with high fevers, 

persistent vomiting, evidence of intestinal obstruction, signi� -

cant peritoneal signs such as involuntary guarding or rebound 

tenderness, cachexia, or evidence of an abscess.   

 Symptom assessment 
 Individual patients with other conditions may have symptoms 

indistinguishable from those of patients with active lumi-

nal CD. A search for other etiologies should be attempted as 

a general rule to ascertain whether a patient has symptoms 

from their CD or other conditions, such as bile salt diarrhea, 
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in the colon for antibiotics. For all other agents (parenteral 

or oral corticosteroids, mercaptopurine, azathioprine, metho-

trexate, in� iximab, adalimumab, certolizumab pegol, natali-

zumab, cyclosporine A, or tacrolimus), therapeutic activity 

against CD is believed to occur throughout the entire GI tract.   

 Mild to moderate active disease 
 Ileal, ileocolonic, or colonic disease has commonly been 

treated in clinical practice with oral mesalamine 3.2 – 4   g daily 

(grade C) or sulfasalazine for ileocolonic or colonic disease 

as 3 – 6   g daily (grade A) in divided doses. Despite the use 

of oral mesalamine treatment in the past, new evidence 

suggests that this approach is minimally e  ective as compared 

with placebo (grade A) and less e  ective than budesonide 

or conventional corticosteroids (grade A). Alternatively, 

metronidazole at a dose of 10 – 20   mg / kg / day has been used in 

a proportion of patients not responding to sulfasalazine (grade 

C). Controlled ileal release budesonide (9   mg / day) is e  ective 

when active disease is con� ned to the ileum and / or right colon 

(grade A). Anti-tuberculous therapy has not been e  ective for 

either induction of remission or maintenance of remission in 

patients with CD (grade A). 

 Large controlled clinical trials completed in the 1970s and 

the 1980s in the United States (the National Crohn ’ s Coopera-

tive Study)  (91)  and Europe (the European Crohn ’ s Cooperative 

Study)  (92) , respectively, demonstrated bene� ts of sulfasalazine 

over placebo in trials lasting up to 16 weeks for patients with 

active ileocolonic and colonic CD. Although less e  ective than 

steroids, approximately one-half of patients achieved a  “ clini-

cal remission. ”  Sulfasalazine has not been consistently e  ective 

for patients with active disease limited to the small intestine 

 (92 – 94) . Clinical trials have not been of su:  cient size to ade-

quately compare sulfasalazine to alternative aminosalicylates 

 (95) . Although di  erent formulations of mesalamine have been 

shown to bene� t patients in the acute treatment of mild to 

moderate CD  (96 – 98)  at doses of 3.2 – 4.0   g daily, several of the 

studies are of poor methodological quality  (96,97)  and a meta-

analysis of three large trials with mesalamine, 4   g daily, demon-

strated a statistically signi� cant ( P     =    0.04), but a non-clinically 

relevant di  erence (CDAI bene� t of 18 points) compared with 

placebo  (99) . Comparisons between mesalamine formula-

tions have not been su:  cient to discriminate between agents 

for ileal, ileocolonic, or colonic disease. $ us, although oral 

mesalamine is widely used in clinical practice in the treatment 

of CD, controlled trials have not consistently demonstrated 

e:  cacy. Rectal applications of mesalamine or corticosteroids 

have never been evaluated in controlled trials in patients with 

distal colonic CD. 

 $ e attractive but unsubstantiated hypothesis that CD may 

be caused or exacerbated by bacteria has led to the use of anti-

biotics to treat mild – moderate luminal and perianal (see 

below) disease. Metronidazole, 10 or 20   mg / kg, has been com-

pared with placebo for mild to moderate disease and was not 

more e  ective than placebo for inducing remission  (100) . A 

 post hoc  subgroup analysis indicated that metronidazole might 

be e  ective in patients with colonic involvement (ileocolitis 

and colitis)  (100) . Metronidazole was also compared with sul-

fasalazine in a 16-week, crossover, Scandinavian trial  (101) . $ e 

initial response was similar, although more patients who failed 

to respond to sulfasalazine responded to metronidazole than 

 vice versa . $ e small sample size of this trial and the relatively 

small therapeutic e  ect of sulfasalazine ( ≤ 15 % ) make inter-

pretation of this trial di:  cult. Two small placebo-controlled 

trials with metronidazole 1   g daily and metronidazole 800   mg 

daily in combination with co-trimoxazole did not demonstrate 

e:  cacy in the treatment of active CD  (102,103) . $ ere are 

no long-term e:  cacy data regarding metronidazole. $ e 

well-documented risk of peripheral neuropathy necessitates 

monitoring for symptoms or signs of paresthesias. Neuropa-

thy is typically detected in patients receiving chronic therapy, 

although it has been documented in patients taking large 

doses for short periods of time for acute infections  (104) . 

Cipro� oxacin, 1   g daily has been compared with mesalamine, 

4   g daily in a 6-week controlled trial  (105) . In the absence of a 

placebo control, approximately 50 %  of patients in each group 

achieved a clinical remission. $ e small sample size and the 

relative lack of e:  cacy of the control group (mesalamine) 

make interpretation of this trial di:  cult. One small placebo-

controlled trial reported that the addition of cipro� oxacin 1   g 

daily to ongoing therapy demonstrated statistically signi� cant 

improvement to ongoing medical therapy for active CD  (106) . 

In contrast, a controlled trial assessing the combination of cip-

ro� oxacin (1   g daily) and metronidazole (1   g daily) in addition 

to budesonide (9   mg daily) failed to demonstrate an additional 

bene� t for patients receiving concomitant antibiotics despite a 

 “ trend ”  in  post hoc  analysis in favor of the supplemental anti-

biotics for patients with colonic disease  (107) . An uncontrolled 

trial of rifaximin, 200   mg t.i.d., reported bene� ts over 16 weeks 

in patients with active disease  (108) , but a small, multi-center 

placebo-controlled trial of 12-weeks duration failed to demon-

strate superiority of rifaximin 800   mg p.o. daily or b.i.d. com-

pared with placebo  (109) . $ us, although antibiotics are widely 

used in clinical practice for the treatment of CD (see perianal 

disease), controlled trials have not consistently demonstrated 

e:  cacy in the setting of luminal disease. Two small placebo-

controlled trials of anti-mycobacterial therapy in combination 

with corticosteroid taper (a> er a steroid-induced remission) 

demonstrated e:  cacy for the maintenance of remission in 

patients receiving either clofazimine monotherapy or combi-

nation therapy with clofazimine, ethambutol, rifampicin, and 

dapsone  (110,111) . In contrast, � ve placebo-controlled trials 

using combinations of anti-mycobacterial agents alone with-

out concurrent conventional corticosteroids have not demon-

strated short- or long-term e:  cacy using varying combinations 

of medications, including rifampin, ethambutol, isoniazid, 

sulphadoxine, pyrimethamine, and rifabutin. $ e results of 

these studies are summarized and incorporated into a recent 

meta-analysis  (112) . A recently reported, large Australian study 

also failed to demonstrate long-term bene� ts from anti-myco-

bacterial therapy  (113) . On the basis of the nearly uniform 
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adalimumab, and certolizumab pegol may be used as alter-

natives to steroid therapy in selected patients in whom cor-

ticosteroids are contraindicated or not desired (grade B). $ e 

anti-alpha 4 integrin antibody, natalizumab, is e  ective in 

the treatment of patients with moderate to severely active 

CD who have had an inadequate response or are unable totoler-

ate conventional CD therapies and anti-TNF monoclonal anti-

body therapy (grade A). 

 No appropriate dose-ranging studies have been performed to 

evaluate conventional steroid dosing or dose schedules for CD. 

Comparable clinical e  ects have been reported from placebo-

controlled and active-comparator trials, with approximately 

50 – 70 %  of patients achieving a clinical remission over 8 – 17 

weeks receiving the equivalent of prednisone, 0.5 – 0.75   mg / kg 

(or 40   mg) daily  (91,117,121) . Higher doses of prednisone 

(1   mg / kg) or methyl prednisolone (1   mg / kg) have had some-

what higher response rates of 80 – 90 %  (ref.  (54,92) ). $ ere are 

no standards for corticosteroid tapering  (15) . When a clinical 

response has been achieved, doses are tapered according to the 

rapidity and completeness of response. Generally, doses are 

tapered by 5 – 10   mg per week until 20   mg and then by 2.5 – 5   mg 

weekly from 20   mg until discontinuation of therapy. Owing to 

a signi� cantly increased risk of osteoporosis in the setting of 

CD when conventional glucocorticosteroid therapy is used, a 

baseline DEXA scan, supplementation of calcium and vitamin 

D, and consideration of a bisphosphonate are warranted once 

corticosteroid therapy is initiated  (16,17,122) . 

 More than 50 %  of patients treated acutely with corticosteroids 

will become  “ steroid dependent ”  or  “ steroid resistant ”   (10,123) , 

particularly smokers, or those with colonic disease  (124) . $ ere 

are no short- or long-term bene� ts from the addition of ami-

nosalicylates to corticosteroids  (92,125,126) . Azathioprine and 

6-mercaptopurine have had demonstrable adjunctive bene� ts to 

steroids in adults (number needed to treat (NNT)    =    5)  (127,128) . 

Dose – response studies have not been performed with azathio-

prine or 6-mercaptopurine: doses evaluated in clinical trials 

were 2.0 – 3.0   mg / kg for azathioprine and 1.0 – 1.5   mg / kg 6-mer-

captopurine daily  (17) . Methotrexate, 25   mg intramuscular or 

subcutaneously, has also been e  ective in the treatment of ster-

oid-refractory or steroid-dependent patients (NNT    =    5)  (129) . 

 Genetic polymorphisms for thiopurine methyltransferase 

(TPMT), the primary enzyme-metabolizing azathioprine / 

6-mercaptopurine, have been identi� ed that a  ord the poten-

tial to regulate therapy according to the measurement of 

azathioprine / 6-mercaptopurine metabolites (6-thioguanine 

nucleotides)  (17,130) . No prospective controlled trial has com-

pared whether dose escalation or initiation of therapy at the 

target dose is most advantageous with either 6-mercaptopu-

rine or azathioprine. Current recommendations from the Food 

and Drug Administration (FDA) include determination of 

TPMT (either enzyme activity or genotype) prior to initiat-

ing treatment with azathioprine or 6-mercaptopurine  (17) . 

Although there have been no controlled trials evaluating 

optimal dosing by weight, TPMT genotype or enzyme acti-

vity levels, therapeutic metabolites or surrogate laboratory 

evidence in these controlled clinical trials, anti-mycobacterial 

therapy has no role in the treatment of patients with CD. 

 Controlled-release oral budesonide formulations at a dose 

of 9   mg daily have been demonstrated to be more e  ective 

than placebo  (114,115)  or mesalamine 4   g orally daily  (116) , 

and have similar e:  cacy when compared with conventional 

oral corticosteroids  (114,117)  for the treatment of disease 

in patients with mild – moderately active CD involving the 

distal ileum and / or right colon. Hence, for patients with 

mild – moderate CD with ileal and / or right colonic disease, 

controlled-release budesonide has demonstrated the best 

combination of short-term e:  cacy and safety in a series 

of well-controlled randomized trials. $ us, budesonide is 

recommended for use as the preferred primary therapy for 

patients with mild to moderately active CD who have disease 

localized to the ileum and / or right colon. 

 Owing to the relative infrequent occurrence of CD isolated 

to the esophagus, stomach, duodenum, or jejunum, there is 

a paucity of controlled clinical trials to determine evidence-

based therapeutic recommendations. Uncontrolled series 

have reported symptomatic improvement for upper GI CD with 

use of proton pump inhibitors  (118)  and other systemically 

active therapies, such as systemic corticosteroids, azathioprine, 

6-mercaptopurine, methotrexate, in� iximab, adalimumab 

and certolizumab pegol, are used in a manner similar to their 

use in patients with moderate to severely active ileal or colonic 

disease (see below). Similarly, there is no evidence base for 

recommendations regarding the treatment of jejunoileitis that 

is o> en complicated by multifocal stricturing with resultant 

small bowel bacterial overgrowth and other nutritional conse-

quences  (119,120) . Rotating antibiotics can be e  ective in the 

treatment of small bowel bacterial overgrowth, and supportive 

nutritional therapies (see below) are frequently required.   

 Moderate to severe disease 
 Patients with moderate to severe disease are treated with 

prednisone 40 – 60   mg daily until resolution of symptoms and 

resumption of weight gain (generally 7 – 28 days) (grade A). 

Infection or abscess requires appropriate antibiotic therapy 

or drainage (percutaneous or surgical) (grade C). Elemen-

tal diets are less e  ective than corticosteroids (grade A), but 

can avoid corticosteroid-induced toxicities. Azathioprine 

and 6-mercaptopurine are e  ective for maintaining a steroid-

induced remission (grade A), and parenteral methotrexate at 

a dose of 25   mg / week is e  ective for steroid-dependent and 

steroid-refractory CD (grade B). $ e anti-TNF monoclonal 

antibodies, in� iximab, adalimumab, and certolizumab pegol, 

are e  ective in the treatment of moderate to severely active 

CD in patients who have not responded despite complete and 

adequate therapy with a corticosteroid or an immunosuppres-

sive agent (grade A). In� iximab monotherapy and in� iximab 

combined with azathioprine are more e  ective than azathio-

prine in the treatment of patients with moderate to severe 

CD who have failed to respond to � rst-line therapy with 

mesalamine and / or corticosteroids (grade A). In� iximab, 
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measurements (mean corpuscular volume or leukocyte 

counts), modeling studies suggest that measurement of 

TPMT and dosing according to the functional enzyme acti-

vity may be most cost-e  ective  (131) . $ iopurines may 

require greater than 4 months (once the target dose is 

achieved) to derive optimal e:  cacy  (127) . 

 $ ere have been several retrospective analyses performed 

evaluating the e:  cacy of measurement of 6-thioguanine 

nucleotides and 6-methylmercaptopurine in an e  ort to pre-

dict the sensitivity, speci� city, positive and negative predictive 

values  (132,133) . Retrospective analyses have suggested that 

6-thioguanine nucleotide levels are optimal between 250 and 

400   pmol / 8 × 10 8  red blood count. At the present time, there 

are inadequate data to recommend routine measurement of 

these metabolites, although determination of 6-thioguanine 

nucleotide and 6-methylmercaptopurine levels can be helpful 

to assess lack of response, elevations in liver enzymes (usually 

associated with high TPMT levels and increased metabolism 

to 6-methylmercaptopurine  (134) ), leukopenia, or to assess 

patient adherence  (17,130) . Routine monitoring of complete 

blood counts, initially every 1 – 2 weeks, then, at least every 3 

months is recommended to avoid the risk of acute or delayed 

bone marrow suppression  (15,17) . 

 $ ioguanine, as an alternative to azathioprine or 6-mercaptop-

urine, has been used in some series with successful management 

in patients with allergic reactions or intolerance to azathio-

prine / 6-mercaptopurine  (135,136) . However, there is a risk of 

nodular regenerative hyperplasia or venoocclusive disease of the 

liver  (137)  that may be related to increased levels of thioguanine 

nucleotides  (135) . At the present time, there are insu:  cient data 

to predict the risks of hepatotoxicity in CD patients and therapy 

with thioguanine cannot be recommended. 

 Parenteral methotrexate, 25   mg subcutaneous or intra-

muscular on a once weekly basis, is also e  ective at inducing 

remission and in allowing steroid tapering for steroid-refrac-

tory or steroid-dependent patients with CD  (81,129) . Lower 

doses have not been e  ective  (129) . Potential adverse events 

generally associated with the use of methotrexate include bone 

marrow suppression, including leukopenia, nausea, vomiting, 

hepatic � brosis, and, uncommonly, hypersensitivity pneumo-

nitis. A baseline chest X-ray along with monitoring of com-

plete blood counts and liver chemistries is advocated  (15,17) . 

Hepatic � brosis is one of the most consequential sequelae of 

long-term treatment with methotrexate. Risk factors for meth-

otrexate hepatotoxicity include obesity, presence of diabe-

tes mellitus, a prior history of excessive or long-term ethanol 

use, elevated baseline hepatocellular laboratory chemistries, 

a cumulative dose of methotrexate exceeding 1.5   g total drug 

dose, and daily dosing of methotrexate  (138) . $ e risk of meth-

otrexate liver toxicity in patients with CD who do not have one 

or more of these risk factors is low  (139) . Prior to initiation 

of therapy with methotrexate, a liver biopsy is appropriate for 

patients with abnormal baseline liver chemistries, patients with 

one or more risk factors for hepatotoxicity, and patients who 

are suspected of having baseline chronic liver disease. $ e need 

to perform a repeat liver biopsy once a cumulative dose in 

excess of 1.5   g is reached has not been formally assessed in 

controlled clinical trials in patients with in� ammatory bowel 

disease, as the risk of methotrexate-induced hepatotoxicity in 

patients without known risk factors is low  (139) . In the absence 

of adequate biopsy data from patients with CD, it is recom-

mended that the American Rheumatology Association guide-

lines regarding surveillance for hepatic toxicity be followed  (140) . 

$ ese guidelines recommend that a liver biopsy be performed 

during therapy if a majority of aspartate aminotransferase 

values over 1 year (performed every 4 – 8 weeks) are elevated 

or if the serum albumin value is decreased. Furthermore, 

reduction in methotrexate dose is recommended in response 

to an elevated aspartate aminotransferase level. If moderate 

to severe � brosis or cirrhosis is found, treatment with metho-

trexate should be discontinued. 

 $ e chimeric monoclonal antibody directed against TNF- � , 

in� iximab, is e  ective in the treatment of moderate to severe 

CD in patients who have not responded to aminosalicylates, 

antibiotics, corticosteroids, or immunomodulators  (15,17) . 

Although a single infusion of in� iximab at a dose of 5   mg / kg 

is e  ective at reducing signs and symptoms of CD over 4 weeks 

 (141) , an induction regimen of 5   mg / kg infusions at weeks 0, 

2, and 6 followed by maintenance therapy (see below) has had 

signi� cant advantages over episodic treatment strategies 

 (55) . In� iximab monotherapy and in� iximab combined with 

azathioprine are more e  ective than azathioprine in the treat-

ment of patients with moderate to severe CD who have failed 

to respond to � rst-line therapy with mesalamine and / or corti-

costeroids and are na ï ve to immunosuppressive and biologic 

agents  (142,143) . Assessment of prior tuberculosis exposure, 

current puri� ed protein derivative status, and a chest X-ray 

prior to treatment with in� iximab are important as in� iximab 

use has been associated with reactivation of latent tuberculosis 

 (144) . Infectious complications with other organisms, particu-

larly intracellular pathogens are also increased with anti-TNF 

therapy  (145,146) . A substantial proportion of patients with CD 

will be anergic  (147) , thus a vigilant approach to symptoms of 

active tuberculosis or other infections should be maintained. 

 Treatment with in� iximab is generally well tolerated; how-

ever, in� iximab infusions have been associated with both 

acute and delayed hypersensitivity (serum sickness-like) infu-

sion reactions. Other adverse events include the development 

of antibodies to in� iximab (ATI; previously termed human 

anti-chimeric antibody) and anti-double-stranded DNA anti-

bodies  (148 – 150) . $ e development of ATIs correlates with an 

increased risk of infusion reactions and a shorter duration of 

response  (149) . Acute infusion reactions typically occur dur-

ing or 1 – 2   h a> er a patient receives in� iximab and can include 

headaches, dizziness, nausea, erythema at the injection site, 

� ushing, fever, chills, chest pain, cough, dyspnea, and pruri-

tis. Acute infusion reactions can be controlled by slowing or 

temporarily stopping the infusion and by giving acetamino-

phen 1,000   mg orally and diphenhydramine 50   mg orally 

or intravenously. Some clinicians routinely pretreat patients 
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 $ e humanized monoclonal antibody to alpha-4 integrin, 

natalizumab, is e  ective in the treatment of patients with 

moderate to severe CD and evidence of active in� ammation 

(e.g., elevated C-reactive protein) who have not responded 

to aminosalicylates, antibiotics, corticosteroids, immuno-

modulators, and TNF inhibitors  (167) . An induction regimen of 

300   mg infusions at weeks 0, 4, and 8 is recommended. Natalizu-

mab is associated with an increased risk of reactivation of a latent 

virus, the human JC polyoma virus, which can lead to infec-

tion of the central nervous system called progressive multifocal 

leukoencephalopathy (PML)  (168,169) . PML is typically fatal. 

To minimize the risk of PML, natalizumab must be administered 

as a monotherapy (without concomitant immunosuppressive 

therapy) and patients must enroll in a mandatory safety follow-

up program called the TOUCH program. Infectious complica-

tions  (170)  with other organisms may also be increased with 

natalizumab therapy. Treatment with natalizumab is generally 

well tolerated; however, natalizumab infusions have been asso-

ciated with acute hypersensitivity infusion reactions. Other 

adverse events include the development of anti-natalizumab 

antibodies and hepatotoxicity  (170) . 

 No placebo-controlled trials of nutritional therapy for active 

CD have been performed. A Cochrane systematic review dem-

onstrated that corticosteroids were more e  ective than enteral 

nutrition to induce remission in patient with active CD (odds 

ratio 0.3, 95 %  con� dence interval 0.17 – 0.52)  (171) . $ ere is no 

di  erence in e:  cacy between elemental and polymeric diets 

 (171) . At present time, the only appropriate use of enteral diets 

is as an adjunctive therapy to support a patients ’  nutrition.   

 Severe / fulminant disease 
 As a consequence of the acuteness and diversity of presentation 

of patients with severe CD and the potential for development 

of complications, the management decisions for these patients 

are based more on practicality than controlled trial evidence. 

Patients with persistence of Crohn ’ s related symptoms despite 

introduction of conventional oral steroids or an anti-TNF (inf-

liximab or adalimumab), or those presenting with high fever, 

frequent vomiting, evidence of intestinal obstruction, rebound 

tenderness, cachexia, or evidence of an abscess should be hos-

pitalized. Surgical evaluation is warranted for patients with 

intestinal obstruction or who have a tender abdominal mass. 

An abdominal mass should be evaluated through transabdom-

inal ultrasound, MRI scan, or CT to exclude the presence of 

an abscess. Abscesses require percutaneous or open surgical 

drainage. Once the presence of an abscess has been excluded or 

if the patient has been receiving oral corticosteroids, parenteral 

corticosteroids equivalent to 40 – 60   mg of prednisone daily 

or its equivalent are administered in divided doses or as a 

continuous infusion (grade C). $ ere is no speci� c role for 

total parenteral nutrition in addition to steroids. Nutritional 

support through elemental feeding or parenteral hyper-

alimentation is indicated, a> er 5 – 7 days, for patients who 

are unable to maintain adequate nutritional requirements 

(grade C). 

with acetaminophen, corticosteroids, and / or diphenhydramine, 

although these are of unproven bene� t for patients who have 

not had a prior infusion reaction. Delayed infusion reactions 

characteristically occur 3 – 14 days a> er in� iximab infusions 

presenting with symptoms similar to serum sickness (myal-

gias, arthralgias, fever, rash, pruritis, dysphagia, urticaria, and 

headaches). $ ese symptoms generally abate spontaneously, 

or occasionally require a brief course of corticosteroids  (151,152) . 

$ e primary risk for both acute and delayed reactions to in� ixi-

mab is a hiatus between in� iximab treatments  (152) . An induction 

schedule of in� iximab at weeks 0, 2, and 6, as well as mainte-

nance therapy, reduces the likelihood of ATI (and infusion 

reactions) as does concomitant immunosuppressive therapy 

 (153)  or pretreatment with corticosteroids  (152,154) . A signi-

� cant percentage of patients treated with anti-TNF therapy 

develop positive anti-nuclear antibodies and a smaller propor-

tion develop antibodies to double-stranded DNA  (148,150) . 

$ e development of symptomatic disease (i.e., drug-induced 

lupus) is distinctly unusual and no patient has developed renal 

or central nervous system involvement  (155) . 

 Alternative biologic formulations targeting TNF have also 

been reported to induce bene� ts in CD. Adalimumab, a human 

anti-TNF monoclonal antibody administered subcutaneously, 

has been approved by the FDA for the treatment of moderate 

to severe CD and has been demonstrated to be e  ective both 

in patients who are na ï ve to biologic therapy and in patients 

who have lost response to in� iximab  (150,156) . $ e most e  ec-

tive induction dosing of adalimumab is 160   mg followed by 

80   mg a> er 2 weeks  (157) . Subsequent maintenance dosing of 

40   mg every other week in patients who respond to the initial 

induction doses prolongs responses and remissions  (158,159) . 

Dose escalation to 40   mg weekly may be necessary to maintain 

responses in some patients. Certolizumab pegol, 400   mg sub-

cutaneously, has also been e  ective at inducing and maintain-

ing clinical response  (160)  and remissions  (161) . In contrast, 

etanercept, a fusion protein consisting of an IgG1 Fc antibody 

fragment and two soluble TNF p75 receptors, was not e  ective 

in the treatment of CD at doses (25   mg subcutaneously twice 

weekly) that have been e  ective for rheumatoid arthritis  (162) . 

Adalimumab and certolizumab pegol share similar risks as 

in� iximab, in particular infectious complications. However, due 

to subcutaneous administration infusion reactions and delayed 

hypersensitivity reactions have not been reported. Injection 

site reactions have been described with both adalimumab and 

certolizumab pegol. Similarly, concomitant immunomodu-

lator use reduces immunogenicity, but has not impacted on 

6 – 12 month e:  cacy. Although the combination of an immuno-

modulator with anti-TNF monoclonal antibodies reduces 

immunogenicity (anti-drug antibody formation) and increases 

serum concentrations, the risk – bene� t of combination ther-

apy in lieu of the recent reports of hepatosplenic natural killer 

T-cell lymphomas in young males receiving combination 

therapy has led to a re-evaluation of recommendations for con-

current immunomodulatory therapy with anti-TNF biologics 

 (163 – 166)  (see maintenance section for further discussion). 
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 Supportive or resuscitative therapy with � uid and electro-

lytes is indicated for dehydrated patients. Transfusions are 

necessary in the setting of anemia and active hemorrhage. 

Oral feedings may be continued, as tolerated, for patients 

without obstructive manifestations or severe abdominal pain. 

More severely ill patients or those with evidence of intestinal 

obstruction should be treated with bowel rest and parenteral 

nutritional support. Obstruction may be secondary to in� am-

matory narrowing, � brotic strictures, or an adhesive process. 

Di  erentiation is based on evaluation of the clinical course 

(presence or absence of in� ammatory features) and prior 

radiographic studies. Adhesive obstructions typically respond 

to nasogastric suction and, in the absence of fever or rebound 

tenderness, do not commonly require emergent surgery. 

Fibrostenotic disease may respond, initially, to bowel rest and 

corticosteroids but obstructive symptoms o> en recur with 

steroid tapering  (172) . 

 Recent preliminary data have suggested that CT entero-

graphy and MRI enterography may help di  erentiate in� am-

matory from � brotic strictures  (173 – 175) . In the presence of 

an in� ammatory mass, broad-spectrum antibiotics should be 

instituted along with parenteral corticosteroids  (176) . 

 Parenteral corticosteroids are indicated for patients with 

severe / fulminant CD  (177) . Dose-ranging studies have not been 

performed to de� ne an optimal dose or schedule of administra-

tion, although most clinicians administer parenteral cortico-

steroids equivalent to 40 – 60   mg of prednisone in divided doses 

or as a continuous infusion. Patients who do not respond to 

parenteral steroids may respond to intravenous cyclosporine 

 (178)  or tacrolimus  (179) , although there are no controlled 

or dose – response data. Low-dose, oral, cyclosporine has not 

been e:  cacious  (180) , although there are uncontrolled reports 

regarding the use of oral tacrolimus for steroid-refractory 

disease  (181,182) . $ ere are no controlled data on the util-

ity of in� iximab, adalimumab, or certolizumab pegol in the 

treatment of severe CD, and uncontrolled retrospective data 

evaluating long-term results for the treatment of stenosing 

CD have been unfavorable in some reports  (183) . 

 Patients who respond to parenteral corticosteroids, 

cyclosporine, or tacrolimus are gradually transitioned to an 

equivalent oral regimen and discharged. Most will require 

maintenance therapy with an alternative immunomodulator 

such as 6-mercaptopurine or azathioprine  (17,132,179,181,184) . 

Failure to respond or worsening symptoms are indications for 

acute surgical intervention.   

 Perianal and fi stulizing disease 
 Acute suppuration is an indication for surgical drainage with 

or without placement of non-cutting setons (grade C). Non-

suppurative, chronic � stulization, or perianal � ssuring is 

treated medically with antibiotics (grade C), immunosuppres-

sives (grade C), or in� iximab (grade A). 

 Perianal / perirectal abscesses require surgical drainage  (185) . 

Non-suppurative perianal complications of CD typically 

respond to metronidazole alone  (186 – 188)  or in combination 

with cipro� oxacin  (153) . In the absence of controlled main-

tenance trials, it appears that continuous therapy is necessary 

to prevent recurrent drainage  (29,153) . $ e safety of long-

term antibiotic therapy has not been established, and patients 

treated with metronidazole should be monitored for evidence 

of peripheral neuropathy and cipro� oxacin therapy can be 

complicated by tendonitis and tendon rupture. Other antibiot-

ics have also been used in the treatment of perineal CD, includ-

ing amoxicillin / clavulanate, trimethoprim sulfamethoxazole, 

levo� oxacin, minocycline, and tetracycline  (189) . $ ere are few 

controlled data regarding the inductive use of immunosuppres-

sive treatment with cyclosporine or tacrolimus in the treatment 

of perianal CD. Several uncontrolled series have reported bene-

� ts from short-term treatment with cyclosporine  (178,190,191)  

or tacrolimus  (179,181,182,192) . One placebo-controlled trial 

has been conducted with tacrolimus  (193) . Long-term data 

are lacking, and most patients require subsequent chronic 

maintenance therapy with azathioprine or 6-mercaptopu-

rine  (178,179,190,194) . $ e latter has not been assessed in 

controlled trials for perianal complications of CD, although 

several reports from Europe and North America describe long-

term improvement in perianal disease  (29,195) . Similarly, 

methotrexate has not been prospectively evaluated in peri-

anal � stulizing CD, but several uncontrolled studies suggest a 

possible bene� t  (196,197) . 

 A placebo-controlled trial has demonstrated bene� ts from 

a series of in� iximab, 5   mg / kg, infusions at 0, 2, and 6 weeks 

in the closure of CD � stulae that had not responded to prior 

therapy with antibiotics, corticosteroids, or immunomodula-

tory agents  (198) . A total of 68 and 55 %  of patients achieved 

closure of at least one, or all, � stulae for at least 4 weeks. Con-

tinuation of treatment with 5   mg / kg every 8 weeks maintained 

the response for a median duration of 40 weeks, the duration 

of the trial, and complete cessation of � stula drainage persisted 

in over one-third of patients  (199) . 

 $ ere are no controlled trial data for internal � stula or with 

alternative immunomodulatory agents, although there have 

been several series reporting positive outcomes from methotrex-

ate with  (200)  or without in� iximab  (196)  for perianal � stula.   

 Maintenance therapy 
 Sulfasalazine and mesalamine have not had consistent main-

tenance bene� ts a> er medical inductive therapy (grade A). 

Conventional corticosteroids should not be used as long-term 

agents to prevent relapse of CD (grade A). Budesonide at a dose 

of 6   mg / day reduces the time to relapse in ileal and / or right 

colonic disease, but does not provide signi� cant maintenance 

bene� ts a> er 6 months (grade A). Azathioprine / 6-mercaptop-

urine (grade B) and methotrexate (grade B) have demonstrable 

maintenance bene� ts a> er inductive therapy with cortico-

steroids. Azathioprine can maintain remissions induced by 

in� iximab in steroid-na ï ve patients (grade B). Maintenance 

therapy with in� iximab, adalimumab, and certolizumab pegol 

is e  ective (grade A). In� iximab monotherapy and in� iximab 

combined with azathioprine are more e  ective than azathio-
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(e.g., leukopenia and thrombocytopenia)  (214,215) . Pancreatitis, 

typically presenting several weeks a> er initiating therapy, occurs 

in approximately 3 – 15 %  of patients and recurs with re-introduc-

tion of either azathioprine or mercaptopurine  (17) . $ e risk of 

lymphoma related to purine analogs has been widely debated 

 (15,17,216,217) . Aside from a potential risk of lymphoma  (216) , 

neoplasia has not been observed with the use of purine analogs for 

in� ammatory bowel disease  (218,219)  and it is accepted that the 

documented bene� ts are most likely to o  set a small increased risk 

 (220) . Lymphomas that have occurred during thiopurine therapy 

have increasingly been recognized to be related to Epstein – Barr 

infections  (216,217,221) . A rare form of natural killer cell, hepat-

osplenic lymphoma has recently been described associated with 

azathioprine therapy for CD either alone  (222)  or in combination 

with in� iximab  (223,224) . Weekly methotrexate at a dose of 15   mg, 

intramuscularly, has also been demonstrated to maintain metho-

trexate-induced remissions  (225) , but optimal dosing has not 

been established  (15,17,226,227) . $ ere is insu:  cient evi-

dence to support the long-term use of calcineurin inhibitors to 

maintain remissions in CD  (15,17) . 

 Scheduled infusions of in� iximab have been e  ective at 

maintaining remissions in both luminal  (83)  and � stulizing 

 (199)  CD. Maintenance therapy, scheduled every 8 weeks, is 

more e  ective than episodic dosing  (152)  and has been associ-

ated with prolonged mucosal healing, a novel end point in CD 

associated with improved pharmacoeconomic and quality-of-

life outcomes  (55) . Regularly scheduled maintenance therapy 

is less immunogenic than episodic therapy  (153) . In� iximab 

monotherapy and in� iximab combined with azathioprine are 

more e  ective than azathioprine for maintenance in patients 

with moderate to severe CD who have failed to respond to 

� rst-line therapy with mesalamine and / or corticosteroids and are 

na ï ve to immunosuppressive and biologic agents  (142) . Long-term 

monitoring for infectious complications while patients are receiv-

ing anti-TNF therapy is indicated  (17,146)  and the bene� ts and 

risks are acceptable when indicated for patients who have failed to 

respond to optimal therapy with conventional agents  (228) . 

 It remains to be determined whether patients can be  “ bridged ”  

from in� iximab induction therapy or in� iximab maintenance 

therapy to long-term treatment with a thiopurine  (143) . $ ere 

is increasing evidence that  “ top – down ”  therapy beginning with 

in� iximab and azathioprine may o  er steroid-sparing ben-

e� ts for steroid-na ï ve patients  (229) . It appears that the ben-

e� t achieved with  “ early aggressive ”  ( “ top – down therapy ” ) is a 

result of early introduction of immune-modifying therapy as 

thiopurines in conjunction with corticosteroids  (82) , in� ixi-

mab monotherapy, and in� iximab combined with azathioprine 

are more e  ective than azathioprine monotherapy in patients 

na ï ve to immunosuppressive and biologic agents  (142) . 

 Adalimumab, when given at doses of either 40   mg subcu-

taneously every other week or 40   mg subcutaneously every 

week is e  ective for maintaining remission in patients who 

respond to induction therapy with adalimumab  (158,159) . 

Certolizumab pegol, 400   mg subcutaneously every 4 weeks, 

has also been e  ective at maintenance of response and 

prine for maintenance of patients with moderate to severe CD 

who have failed to respond to � rst-line therapy with mesala-

mine and / or corticosteroids (grade B). Maintenance therapy 

with natalizumab is e  ective (grade A). Metronidazole (grade 

B), mesalamine (grade C), azathioprine / mercaptopurine 

(grade B), or in� iximab (grade B) should be considered 

a> er ileocolonic resections to reduce the likelihood of sympto-

matic recurrence, whereas conventional corticosteroids (grade A) 

and budesonide at a dose of 6   mg / day (grade B) are not e  ective. 

 Evidence continues to accumulate regarding the bene� ts 

of long-term, maintenance therapy for CD. Maintenance of 

clinical remissions has been demonstrated to reduce hospitali-

zations and the need for surgery beyond 1 year and improve 

patients ’  quality of life  (3,88) . $ ere continues to be confu-

sion regarding the issues of  “ steroid maintenance ”  vs.  “ steroid 

dependence. ”  $ e former applies to (clinical trial) evidence of 

a therapy that prevents relapse in a population of patients. $ e 

latter is a clinical observation pertaining to individual patients 

unable to taper steroids below a certain dose without develop-

ing symptoms  (201) . 

 $ e majority of patients treated acutely with corticoster-

oids are unlikely to remain well over 1 year without speci� c 

e  ective maintenance therapy  (10,123,201) . Younger patients, 

those with colonic disease, and cigarette smokers are more 

likely to become steroid dependent  (124) . $ ere is a prepon-

derance of evidence that low-dose conventional steroids are 

ine  ective for maintaining remissions in CD  (202) . High-dose 

corticosteroids have not been evaluated as maintenance therapy 

 (16,17) . Long-term prednisone therapy can reduce relapse rates 

if doses are adjusted to maintain clinical remission, but at the 

expense of decreased bone mineral density  (203)  and other 

steroid-related toxicities  (204) . Budesonide, 6   mg / day, can allow 

withdrawal of systemic steroids for steroid-dependent patients 

with ileal and / or right colonic disease  (205)  and delay clinical 

relapse rates for 3 – 6 months  (206 – 210) , but not at 1 year  (211) . 

 Neither early trials using sulfasalazine  (91,92)  nor subse-

quent trials with mesalamine  (212)  have demonstrated sig-

ni� cant maintenance bene� ts for CD a> er medically induced 

clinical remissions. In particular, mesalamine (at a dose of 

4   g daily) has not been e:  cacious in preventing relapse a> er 

corticosteroid-induced remissions  (125) . Antibiotics as an 

agent for maintenance of medically induced remission have not 

been evaluated. In contrast, azathioprine and 6-mercaptopu-

rine have been e  ective in allowing reduction in steroid doses 

and maintaining remissions a> er steroid-inductive therapy 

 (128) . It remains to be determined how to  “ optimize ”  dose and 

whether induction of leukopenia or therapeutic monitoring 

of 6-thioguanine metabolites o  ers improved means of assur-

ing a long-term response. Nevertheless, clinical trials have 

demonstrated that azathioprine at doses of 2.0 – 2.5   mg / kg and 

6-mercaptopurine at a dose of 1.5   mg / kg have been e  ective 

at maintaining remissions for, at least, 4 years  (213) . Complete 

blood counts must be monitored carefully early in the course 

of treatment and in the long term, at a minimum of every 

3 months, because of the risk of delayed bone marrow suppression 
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remission  (230,231) . Natalizumab at doses of 300   mg every 

4 weeks is e  ective for maintaining remission in patients 

who respond to induction therapy with natalizumab  (232) . 

 It also remains to be determined whether thiopurines or 

methotrexate will be optimally used as concomitant therapy 

with in� iximab or other biologics  (153,163 – 166,233) . Both 

retrospective  (165)  and prospective data  (51)  have suggested 

that using concomitant immunosuppressants with in� ixi-

mab does not augment response or remission rates in patients 

with CD or ulcerative colitis. Additionally, recently the use of 

6-mercaptopurine or azathioprine alone or in combination 

with in� iximab has been associated with the development of 

non-Hodgkin ’ s lymphoma  (216) . $ e use of azathioprine alone 

or the combination of azathioprine and in� iximab has also 

been associated with a rare form of lymphoma, hepatosplenic 

T-cell lymphoma  (234) . In clinical trials of in� iximab, adali-

mumab, and certolizumab pegol where the biologic agent was 

administered as a loading dose induction regimen followed by 

systematic maintenance dosing, the rates of immunogenicity 

with and without concurrent immunomodulators were similar: 

in� iximab 5   mg / kg 4.3 %  and 12.5 %   (235) ; adalimumab 0 %  and 

3.8 %   (159) ; certolizumab pegol 4 %  and 10 %   (230)  2 %  and 12 %  

 (231) . On the basis of all of these data, it may be reasonable 

to administer biologic agents as monotherapy, to maximize the 

risk – bene� t ratio of treatment. 

 CD predictably recurs � rst, endoscopically, then clinically a> er 

an intestinal resection  (56) . $ ere is a great deal of heterogene-

ity in postoperative scenarios and risks for recurrence  (77,236) , 

with cessation of smoking being the most consistent modi� able 

factor  (236 – 238) . $ ere continues to be an expanding body of 

evidence in favor of postoperative therapy to delay endoscopic 

and clinical recurrence of CD  (77,238) . One trial from the 1980s 

demonstrated bene� ts from sulfasalazine at doses greater than 

3   g daily  (239) , but most recent studies have focused on attempts 

at postoperative prophylaxis with mesalamine. Although early 

trials have demonstrated bene� ts for mesalamine, >3   g daily, at 

reducing the risk of postoperative recurrence for up to 3 years in 

subgroups of patients  (240) , more recent controlled trials have 

been less supportive  (241,242) . Overall, the ECCO consensus 

and a North American Pediatric Workshop support a modest 

overall bene� t of approximately 1 in 10 patients (NNT    =    10) for 

mesalamine at delaying / preventing postoperative recurrence 

 (77,238) . Short-term administration of high-dose metronidazole, 

20   mg / kg, and a 1-year course of ornidazole, 1   g / day, also reduce 

the likelihood of recurrence for up to 1 year  (243,244) . However, 

both agents have been poorly tolerated due to an increased risk 

of peripheral neuropathy such that additional studies of alterna-

tive antibiotics or additional dosing studies are required to iden-

tify a safe and e  ective regimen. Prednisone and prednisolone at 

low doses are not e  ective for reducing endoscopic and clinical 

recurrences  (245,246) . Budesonide at a dose of 6   mg daily was 

not e  ective at reducing endoscopic recurrences a> er 1 year 

 (247) . Recently, several trials have evaluated 6-mercaptopurine 

(50   mg / day) or azathioprine (2   mg / kg / day), which demonstrated 

modest bene� ts of the immune suppressants compared with 

placebo and non-signi� cant di  erences compared with mesala-

mine 3   g daily  (241,248) . A recent trial has demonstrated 

improved bene� t with a combination of metronidazole for 

3 months with 1 year of azathioprine  (249) . Additional dosing 

studies for azathioprine and / or 6-mercaptopurine are necessary 

to evaluate the risks and bene� ts, and patient strati� cation to 

assess their value at preventing postoperative recurrence  (250) . 

A recent trial has demonstrated e:  cacy for in� iximab in the 

prevention of postoperative clinical and endoscopic recurrence 

a> er ileocecal resection  (251) . Similarly, trials of combination 

agents and other biologic strategies are warranted.    

 INDICATIONS FOR SURGERY 
 Surgical resection, stricturoplasty, or drainage of abscesses is 

indicated to treat complications or medically refractory dis-

ease (grade C). Surgical resection, aside from total colectomy 

and ileostomy for CD limited to the colon, rarely  “ cures ”  CD. 

Nevertheless, surgical intervention is required in up to two-

thirds of patients to treat intractable hemorrhage, perforation, 

persisting or recurrent obstruction, abscess (not amenable to 

percutaneous drainage), dysplasia or cancer, or unresponsive 

fulminant disease. $ e most common indications for surgi-

cal resection are refractory disease despite medical therapy or 

side e  ects of medication (steroid dependence)  (15,252,253) . 

Recently, laparoscopic techniques in selected patients have 

been advantageous in terms of more rapid resolution of post-

operative ileus and shortened hospital stay, without increased 

complications compared with open surgery  (252,254,255) . 

Patients who have active luminal CD and fail to improve within 

7 – 10 days of intensive in-patient medical management should 

be considered to be potential surgical candidates. 

 $ e ability to reduce the risk of postoperative recurrence a> er 

surgical resection (although less than ideal) coupled with the 

potential substantial bene� ts of appropriate surgical therapy, no 

longer justi� es the prolongation of ine  ective medical manage-

ment to  “ avoid surgery. ”  $ e primary objective of therapy for 

CD is to restore the patient to health and well-being. Quality 

of life typically can be restored a> er surgical resection or stric-

turoplasty for CD  (254,256) . $ erefore, medical therapies are 

acceptable only if they achieve their inductive or maintenance 

goals safely and e  ectively with a satisfactory quality of life. 

Neither patients nor physicians should view surgery as a  “ fail-

ure ”  when it can be the swi> est, safest, and most e  ective route 

to physical and psychosocial rehabilitation  (38,254,256) . 

 CD of the colon treated with limited surgical resection is 

associated with a higher rate of recurrence than when treated 

with a total proctocolectomy  (257 – 261) . In practice, most phy-

sicians and patients appear to prefer avoidance of a permanent 

stoma by performing a limited surgical resection, despite the 

increased risk of recurrence, over total proctocolectomy. For-

mal studies of patient preferences on this question are lacking. 

 It is important to perform appropriate diagnostic tests, which 

may include colonoscopy, upper endoscopy, small bowel radio-

graphy, transabdominal imaging (such as CT, MRI), and VCE, 
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 (i) Novel end points for successful medical therapy, including 

the potential to modify long-term disease behavior and 

long-term disease outcome, and prognostic factors to pre-

dict evolution of the natural history of disease are needed. 

 (ii) Additional trials to compare  “ top – down ”  vs.  “ step-up ”  

therapy with appropriate patient selection are needed. 

 (iii) $ e optimal dose and formulation of mesalamine 

therapy (including potential bene� ts of rectal mesal-

amine) for acute and maintenance therapy of CD remain 

to be established. 

 (iv) Additional studies of antibiotics as active and mainte-

nance (including postoperative maintenance) therapies 

are needed. 

 (v) Long-term studies to evaluate the safety and e:  cacy of 

budesonide at maintaining remissions at doses above 

6   mg are needed. 

 (vi) Studies to optimize thiopurine antimetabolite dosing are 

needed. 

 (vii) Dose-ranging and maintenance studies of methotrexate 

are needed. 

 (viii) Studies to de� ne optimal approaches to minimize 

immunogenicity to evolving biologic therapies are 

needed. 

 (ix) Natalizumab has been e:  cacious in clinical trials, but safety 

concerns need to be clari� ed  (163,167,232,268 – 270) . 

 (x) Despite expanding evidence of the carcinogenic potential 

of long-standing CD, surveillance guidelines have yet to 

be de� ned. 

 (xi) Additional studies of probiotic therapies and alternative 

therapies are needed  (77) . 

 (xii) Additional clinical data are required regarding novel 

biological agents targeting alternative cytokines and their 

receptors. 

 (xiii) Outcome studies comparing medical vs. surgical 

approaches should be performed. 

 (xiv) Outcome studies assessing comparative cost – bene� t 

assessments of alternative strategies are needed.   
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to con� rm the diagnosis, to con� rm the presence or absence 

of active disease, to exclude dysplasia or cancer, and to iden-

tify the presence, extent, and severity of complications, such as 

strictures, � stulas, and abscesses. $ e perioperative use of aza-

thioprine or 6-mercaptopurine, and / or in� iximab has not been 

demonstrated to be a risk factor for postoperative infectious 

complications, in contrast to corticosteroids that do increase 

the risk of postoperative infectious complications  (262,263) . 

 At present, there is no surgical technique that reduces the 

risk of postoperative recurrence of CD. Histologic disease at 

the surgical resection margins does not predict a greater risk of 

recurrence  (264) . 

  Stricturoplasty  has been advocated as an important alterna-

tive to resection in the treatment of selected � brotic strictures 

of the small bowel and should be attempted when possible to 

help avoid impaired nutrient absorption, bile salt diarrhea, stea-

torrhea, bacterial overgrowth, and short bowel syndrome. $ e 

rationale for the use of this technique is that it corrects obstruc-

tive strictures while preserving functional intestinal length. 

Where there are multiple strictures in a short segment and 

where bowel length is su:  cient to avoid short bowel syndrome, 

resection may be preferable. $ e use of conventional stricturo-

plasties (Heineke – Mikulicz stricturoplasty form) is considered 

appropriate when small bowel stricture lengths are     <    10   cm in 

length. $ is is the most widely accepted form of stricturoplasty. 

Longer strictures, up to 25   cm, may be treated by side-to-side 

stricturoplasty. $ e bowel is arranged in a U-shape and the 

mesenteric edges of the bowel are approximated. $ is has been 

termed the Finney stricturoplasty. In general, stricturoplasty 

for colonic disease is not recommended. 

 Patients with CD may develop abdominal abscesses. $ e 

presence of active luminal CD with a concomitant abdominal 

abscess should preferably be managed with antibiotics, per-

cutaneous or surgical drainage followed by delayed intestinal 

resection if necessary. $ ere are no controlled data to indicate 

whether percutaneous or surgical drainage should always be 

followed by a delayed resection; however, most series favor a 

delayed resection  (265 – 267) . 

 $ ere is growing use of laparoscopically assisted surgery 

in patients with CD with the goals of potentially decreasing 

adhesion formation, postoperative pain, and hospital stay, and 

improving the cosmetic outcome. Whether laparoscopic resec-

tion gives bene� ts in addition to a shorter scar remains to be 

established. Experience from other laparoscopic operations 

(cholecystectomy and fundoplication) illustrates that once 

studies are performed such that they are patient and observer 

blinded, di  erences in length of stay and postoperative pain 

diminish. Nevertheless, patients generally prefer the minimally 

invasive surgical approaches.   

 CONTROVERSIAL ISSUES 
 Many unresolved questions remain regarding practice 

guidelines for CD because of insu:  cient data and inadequate 

experience to make formal recommendations. 



The American Journal of GASTROENTEROLOGY    www.amjgastro.com

14
  

 Lichtenstein  et al . 

conducted research for Abbott Corporation Bristol-Myers 

Squibb, Centocor, Proctor & Gamble, Prometheus Laborato-

ries, Salix Pharmaceuticals, Shire Pharmaceuticals, and UCB 

Corporation; and received honoraria for lecturing from Abbott, 

Centocor, Elan, Proctor & Gamble, Prometheus Laboratories, 

Salix Pharmaceuticals, Schering-Plough Corporation, Shire 

Pharmaceuticals, UCB Corporation. William Sandborn has 

served as a consultant  for Abbott Laboratories,  Astra Zeneca, 

LP, Centocor,  Elan Pharmaceuticals, Inc., Ferring Pharma-

ceuticals A/S,  Procter & Gamble, Prometheus Laboratories,  

Salix Pharmaceuticals, Inc., Schering Plough Corporation, 

Shire Pharmaceuticals,  Tillotts Pharma AG, and UCB Pharma; 

and received research honoraria from Abbott Laboratories, 

Astra Zeneca, LP, Centocor, Elan Pharmaceuticals, Procter & 

Gamble,  Salix Pharmaceuticals,  Schering Plough Corporation,  

Shire Pharmaceuticals, Tillotts Pharma AG, and UCB Pharma.     

   ACKNOWLEDGMENTS  
 $ is guideline was produced in collaboration with the 

Practice Parameters Committee of the American College of 

Gastroenterology. $ is committee provided peer review of 

the paper. Members of the ACG Practice Parameters Com-

mittee include John Inadomi, MD, FACG (Committee Chair), 

Darren Baroni, MD, David Bernstein, MD, FACG, William 

Brugge, MD, FACG, Lin Chang, MD, John Cunningham, 

MD, FACG, Kleanthis G. Dendrinos, MD, Kenneth DeVault, 

MD, FACG, Steven Edmundowicz, MD, Philip M. Ginsburg, 

MD, Kelvin Hornbuckle, MD, Costas Kefalas, MD, FACG, 

Timothy Koch, MD, FACG, Jenifer Lehrer, MD, Anthony 

Lembo, MD, John O ’ Brien, MD, John Papp Sr, MD, MACG, 

Henry Parkman, MD, FACG, Kumaravel S. Perumalsamy, 

MD, Ganapathy A. Prasad, MD, Albert Roach, PharmD, 

FACG, Richard Sampliner, MD, MACG, Amnon Sonnenberg, 

MD, MSc, FACG, John Vargo, MD, MPH, FACG; Santhi 

Swaroop Vege, MD, FACG, Marcelo Vela, MD, FACG, 

Nizar Zein, MD, and Marc J. Zuckerman, MD, FACG.    

   REFERENCES  
       1   .      Sands     BE    .   From symptom to diagnosis: clinical distinctions among various 

forms of intestinal in� ammation  .   Gastroenterology     2004  ;  126  :  1518   –    32  .  
   2   .      Lo> us     EV     Jr    .   Clinical epidemiology of in� ammatory bowel disease: 

incidence, prevalence, and environmental in� uences  .   Gastroenterology   
  2004  ;  126  :  1504   –    17  .  

   3   .      Lichtenstein     GR   ,    Yan     S   ,    Bala     M       et al.       Remission in patients with Crohn’s 
disease is associated with improvement in employment and quality of 
life and a decrease in hospitalizations and surgeries  .   Am J Gastroenterol   
  2004  ;  99  :  91   –    6  .  

  4   .      Geboes     K   ,    Rutgeerts     P   ,    Opdenakker     G       et al.       Endoscopic and histologic 
evidence of persistent mucosal healing and correlation with clinical 
improvement following sustained in� iximab treatment for Crohn’s disease  . 
  Curr Med Res Opin     2005  ;  21  :  1741   –    54  .  

  5   .      Rutgeerts     PJ    .   An historical overview of the treatment of Crohn’s disease: why do 
we need biological therapies?     Rev Gastroenterol Disord     2004  ;  4     (Suppl 3)  :   S3   –    9  .  

   6   .      Vermeire     S   ,    van Assche     G   ,    Rutgeerts     P    .   Review article: altering the natural 
history of Crohn’s disease — evidence for and against current therapies  . 
  Aliment Pharmacol $ er     2007  ;  25  :  3   –   12  .  

  7   .      Bodger     K    .   Cost of illness of Crohn’s disease  .   Pharmacoeconomics   
  2002  ;  20  :  639   –    52  .  

   8   .      Feagan     BG   ,    Vreeland     MG   ,    Larson     LR       et al.       Annual cost of care for Crohn’s 
disease: a payor perspective  .   Am J Gastroenterol     2000  ;  95  :  1955   –    60  .  

   9   .      Sandler     RS   ,    Everhart     JE   ,    Donowitz     M       et al.       $ e burden of selected digestive 
diseases in the United States  .   Gastroenterology     2002  ;  122  :  1500   –    11  .  

   10   .      Faubion     WA     Jr   ,    Lo> us     EV     Jr   ,    Harmsen     WS       et al.       $ e natural history of 
corticosteroid therapy for in� ammatory bowel disease: a population-based 
study  .   Gastroenterology     2001  ;  121  :  255   –    60  .  

   11   .      Bernstein     CN   ,    Nabalamba     A    .   Hospitalization, surgery, and readmission 
rates of IBD in Canada: a population-based study  .   Am J Gastroenterol   
  2006  ;  101  :  110   –    8  .  

   12   .      Hanauer     SB   ,    Sandborn     W    .   Management of Crohn’s disease in adults  .   Am J 
Gastroenterol     2001  ;  96  :  635   –    43  .  

   13   .      Feagan     BG   ,    McDonald     JWD   ,    Koval     JJ    .   $ erapeutics and in� ammatory 
bowel disease: a guide to the interpretation of randomized controlled trials  . 
  Gastroenterology     1996  ;  110  :  275   –    83  .  

   14   .      Carter     MJ   ,    Lobo     AJ   ,    Travis     SP    .   Guidelines for the management of in� amma-
tory bowel disease in adults  .   Gut     2004  ;  53     (Suppl 5)  :   V1   –   16  .  

    15   .      Travis     SP   ,    Stange     EF   ,    Lemann     M       et al.       European evidence based consensus 
on the diagnosis and management of Crohn’s disease: current management  . 
  Gut     2006  ;  55     (Suppl 1)  :   i16   –    35  .  

  16   .      Lichtenstein     GR   ,    Abreu     MT   ,    Cohen     R       et al.       American Gastroenterological 
Association Institute medical position statement on corticosteroids, 
immunomodulators, and in� iximab in in� ammatory bowel disease  . 
  Gastroenterology     2006  ;  130  :  935   –    9  .  

     17   .      Lichtenstein     GR   ,    Abreu     MT   ,    Cohen     R       et al.       American Gastroenterological 
Association Institute technical review on corticosteroids, immunomodu-
lators, and in� iximab in in� ammatory bowel disease  .   Gastroenterology   
  2006  ;  130  :  940   –    87  .  

   18   .      Podolsky     DK    .   In� ammatory bowel disease  .   N Engl J Med     2002  ;  347  :  417   –    29  .  
  19   .      Fiocchi     C    .   In� ammatory bowel disease: etiology and pathogenesis  . 

  Gastroenterology     1998  ;  115  :  182   –   205  .  
   20   .      Lo> us     EV     Jr    .   Management of extraintestinal manifestations and other 

complications of in� ammatory bowel disease  .   Curr Gastroenterol Rep   
  2004  ;  6  :  506   –    13  .  

   21   .      Langholz     E   ,    Munkholm     P   ,    Krasilniko       PA       et al.       In� ammatory bowel 
diseases with onset in childhood. Clinical features, morbidity, and 
mortality in a regional cohort  .   Scand J Gastroenterol     1997  ;  32  :  139   –    47  .  

   22   .      Swan     NC   ,    Geoghegan     JG   ,    O ’ Donoghue     DP       et al.       Fulminant colitis in 
in� ammatory bowel disease: detailed pathologic and clinical analysis  .   
Dis Colon Rectum     1998  ;  41  :  1511   –    5  .  

   23   .      Farmer     RG   ,    Whelan     G   ,    Fazio     VW    .   Long-term follow-up of patients with 
Crohn’s disease. Relationship between the clinical pattern and prognosis  . 
  Gastroenterology     1985  ;  88  :  1818   –    25  .  

   24   .      Sachar     DB   ,    Andrews     HA   ,    Farmer     RG       et al.       Proposed classi� cation of 
patient subgroups in Crohn’s disease  .   Gastroenterol Int     1992  ;  5  :  141   –    54  .  

   25   .      Gasche     C   ,    Scholmerich     J   ,    Brynskov     J       et al.       A simple classi� cation of 
Crohn’s disease: report of the Working Party for the World Congresses of 
Gastroenterology, Vienna 1998  .   In� amm Bowel Dis     2000  ;  6  :  8   –   15  .  

  26   .      Cosnes     J   ,    Cattan     S   ,    Blain     A       et al.       Long-term evolution of disease behavior of 
Crohn’s disease  .   In� amm Bowel Dis     2002  ;  8  :  244   –    50  .  

  27   .      Louis     E   ,    Collard     A   ,    Oger     AF       et al.       Behaviour of Crohn’s disease according 
to the Vienna classi� cation: changing pattern over the course of the disease  . 
  Gut     2001  ;  49  :  777   –    82  .  

  28   .      Mekhjian     HS   ,    Switz     DM   ,    Melnyk     CS       et al.       Clinical features and natural 
history of Crohn’s disease  .   Gastroenterology     1979  ;  77  :  898   –   906  .  

    29   .      Sandborn     WJ   ,    Fazio     VW   ,    Feagan     BG       et al.       AGA technical review on 
perianal Crohn’s disease  .   Gastroenterology     2003  ;  125  :  1508   –    30  .  

   30   .      Lapidus     A   ,    Bernell     O   ,    Hellers     G       et al.       Clinical course of colorectal Crohn’s 
disease: a 35-year follow-up study of 507 patients  .   Gastroenterology   
  1998  ;  114  :  1151   –    60  .  

   31   .      Cu  ari     C   ,    Dubinsky     M   ,    Darbari     A       et al.       Crohn’s jejunoileitis: the pedia-
trician’s perspective on diagnosis and management  .   In� amm Bowel Dis   
  2005  ;  11  :  696   –   704  .  

   32   .      Wagtmans     MJ   ,    Verspaget     HW   ,    Lamers     CB       et al.       Clinical aspects of Crohn’s 
disease of the upper gastrointestinal tract: a comparison with distal Crohn’s 
disease  .   Am J Gastroenterol     1997  ;  92  :  1467   –    71  .  

    33   .      Parente     F   ,    Cucino     C   ,    Bollani     S       et al.       Focal gastric in� ammatory in� ltrates 
in in� ammatory bowel diseases: prevalence, immunohistochemical 
characteristics, and diagnostic role  .   Am J Gastroenterol     2000  ;  95  :  705   –    11  .  

   34   .      Su     CG   ,    Judge     TA   ,    Lichtenstein     GR    .   Extraintestinal manifestations of 
in� ammatory bowel disease  .   Gastroenterol Clin North Am     2002  ;  31  :  
307   –    27  .  

  35   .      Itzkowitz     SH   ,    Yio     X    .   In� ammation and cancer IV. Colorectal cancer in 
in� ammatory bowel disease: the role of in� ammation  .   Am J Physiol 
Gastrointest Liver Physiol     2004  ;  287  :  G7   –   17  .  



© 2009 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

15

  

 Management of Crohn ’ s Disease in Adults 

with non-stricturing small bowel Crohn’s disease  .   Am J Gastroenterol   
  2006  ;  101  :  954   –    64  .  

   63   .      Cheifetz     AS   ,    Kornbluth     AA   ,    Legnani     P       et al.       $ e risk of retention of the 
capsule endoscope in patients with known or suspected Crohn’s disease  . 
  Am J Gastroenterol     2006  ;  101  :  2218   –    22  .  

  64   .      Spada     C   ,    Riccioni     ME   ,    Costamagna     G    .   Patients with known small bowel 
stricture or with symptoms of small bowel obstruction secondary to 
Crohn’s disease should not perform video capsule endoscopy without 
being previously tested for small bowel patency  .   Am J Gastroenterol   
  2007  ;  102  :  1542   –    3  ;   author reply 3 – 4  .  

  65   .      Spada     C   ,    Shah     SK   ,    Riccioni     ME       et al.       Video capsule endoscopy in patients 
with known or suspected small bowel stricture previously tested with the 
dissolving patency capsule  .   J Clin Gastroenterol     2007  ;  41  :  576   –    82  .  

   66   .      Hara     AK   ,    Leighton     JA   ,    Heigh     RI       et al.       Crohn disease of the small bowel: 
preliminary comparison among CT enterography, capsule endoscopy, 
small-bowel follow-through, and ileoscopy  .   Radiology     2006  ;  238  :  128   –    34  .  

  67   .      Guidi     L   ,    Minordi     LM   ,    Semeraro     S       et al.       Clinical correlations of small bowel 
CT and contrast radiology � ndings in Crohn’s disease  .   Eur Rev Med 
Pharmacol Sci     2004  ;  8  :  215   –    7  .  

  68   .      Ochsenkuhn     T   ,    Herrmann     K   ,    Schoenberg     SO       et al.       Crohn disease of the 
small bowel proximal to the terminal ileum: detection by MR-enteroclysis  . 
  Scand J Gastroenterol     2004  ;  39  :  953   –    60  .  

  69   .      Zalis     M   ,    Singh     AK    .   Imaging of in� ammatory bowel disease: CT and MR  . 
  Dig Dis     2004  ;  22  :  56   –   62  .  

  70   .      Zissin     R   ,    Hertz     M   ,    Osadchy     A       et al.       Computed tomographic � ndings of 
abdominal complications of Crohn’s disease — pictorial essay  .   Can Assoc 
Radiol J     2005  ;  56  :  25   –   35  .  

   71   .      Brenner     DJ   ,    Hall     EJ    .   Computed tomography — an increasing source of 
radiation exposure  .   N Engl J Med     2007  ;  357  :  2277   –    84  .  

  72   .      Avidan     B   ,    Sakhnini     E   ,    Lahat     A       et al.       Risk factors regarding the need for a 
second operation in patients with Crohn’s disease  .   Digestion     2005  ;  72  :  248   –    53  .  

  73   .      Bernstein     CN   ,    Rawsthorne     P   ,    Cheang     M       et al.       A population-based 
case control study of potential risk factors for IBD  .   Am J Gastroenterol   
  2006  ;  101  :  993   –   1002  .  

   74   .      Forrest     K   ,    Symmons     D   ,    Foster     P    .   Systematic review: is ingestion of paraceta-
mol or non-steroidal anti-in� ammatory drugs associated with exacerbations 
of in� ammatory bowel disease?     Aliment Pharmacol $ er     2004  ;  20  :  1035   –    43  .  

  75   .      Maunder     RG    .   Evidence that stress contributes to in� ammatory bowel 
disease: evaluation, synthesis, and future directions  .   In� amm Bowel Dis   
  2005  ;  11  :  600   –    8  .  

  76   .      Mardini     HE   ,    Kip     KE   ,    Wilson     JW    .   Crohn’s disease: a two-year prospective 
study of the association between psychological distress and disease activity  . 
  Dig Dis Sci     2004  ;  49  :  492   –    7  .  

     77   .      Caprilli     R   ,    Gassull     MA   ,    Escher     JC       et al.       European evidence based consensus 
on the diagnosis and management of Crohn’s disease: special situations  .   Gut   
  2006  ;  55     (Suppl 1)  :   i36   –    58  .  

    78   .      Sandborn     WJ   ,    Feagan     BG   ,    Hanauer     SB       et al.       A review of activity indices 
and e:  cacy endpoints for clinical trials of medical therapy in adults with 
Crohn’s disease  .   Gastroenterology     2002  ;  122  :  512   –    30  .  

  79   .      Sostegni     R   ,    Daperno     M   ,    Scaglione     N       et al.       Review article: Crohn’s disease: 
monitoring disease activity  .   Aliment Pharmacol $ er     2003  ;  17     (Suppl 2)  : 
  11   –    7  .  

  80   .      Candy     S   ,    Wright     J   ,    Gerber     M       et al.       A controlled double blind study of 
azathioprine in the management of Crohn’s disease  .   Gut     1995  ;  37  :  674   –    8  .  

  81   .      Feagan     BG   ,    Rochon     J   ,    Fedorak     RN       et al.       Methotrexate for the treatment of 
Crohn’s disease. $ e North American Crohn’s Study Group Investigators 
[see comments]  .   N Engl J Med     1995  ;  332  :  292   –    7  .  

   82   .      Markowitz     J   ,    Grancher     K   ,    Kohn     N       et al.       A multicenter trial of 6-mercap-
topurine and prednisone in children with newly diagnosed Crohn’s disease  . 
  Gastroenterology     2000  ;  119  :  895   –   902  .  

    83   .      Hanauer     SB   ,    Feagan     BG   ,    Lichtenstein     GR       et al.       Maintenance in� iximab for 
Crohn’s disease: the ACCENT I randomised trial  .   Lancet     2002  ;  359  :  1541   –    9  .  

  84   .      Irvine     EJ    .   Usual therapy improves perianal Crohn’s disease as measured 
by a new disease activity index. McMaster IBD Study Group  .   J Clin 
Gastroenterol     1995  ;  20  :  27   –   32  .  

  85   .      Guyatt     G   ,    Mitchell     A   ,    Irvine     EJ       et al.       A new measure of health status 
for clinical trials in in� ammatory bowel disease  .   Gastroenterology   
  1989  ;  96  :  804   –    10  .  

  86   .      Bodger     K    .   Economic implications of biological therapies for Crohn’s 
disease: review of in� iximab  .   Pharmacoeconomics     2005  ;  23  :  875   –    88  .  

  87   .      Jewell     DP   ,    Satsangi     J   ,    Lobo     A       et al.       In� iximab use in Crohn’s disease: 
impact on health care resources in the UK  .   Eur J Gastroenterol Hepatol   
  2005  ;  17  :  1047   –    52  .  

  36   .      Gillen     CD   ,    Walmsley     RS   ,    Prior     P       et al.       Ulcerative colitis and Crohn’s disease: a 
comparison of the colorectal cancer risk in extensive colitis  .   Gut     1994  ;  35  :  1590   –    2  .  

   37   .      Munkholm     P   ,    Langholz     E   ,    Davidsen     M       et al.       Disease activity courses 
in a regional cohort of Crohn’s disease patients  .   Scand J Gastroenterol   
  1995  ;  30  :  699   –   706  .  

   38   .      Silverstein     MD   ,    Lo> us     EV   ,    Sandborn     WJ       et al.       Clinical course and costs 
of care for Crohn’s disease: Markov model analysis of a population-based 
cohort  .   Gastroenterology     1999  ;  117  :  49   –   57  .  

    39   .      Schwartz     DA   ,    Lo> us     EV     Jr   ,    Tremaine     WJ       et al.       $ e natural history of 
� stulizing Crohn’s disease in Olmsted County, Minnesota  . 
  Gastroenterology     2002  ;  122  :  875   –    80  .  

   40   .      Mylonaki     M   ,    Langmead     L   ,    Pantes     A       et al.       Enteric infection in relapse of 
in� ammatory bowel disease: importance of microbiological examination of 
stool  .   Eur J Gastroenterol Hepatol     2004  ;  16  :  775   –    8  .  

   41   .      Targan     SR   ,    Landers     CJ   ,    Yang     H       et al.       Antibodies to CBir1 � agellin de� ne a 
unique response that is associated independently with complicated Crohn’s 
disease  .   Gastroenterology     2005  ;  128  :  2020   –    8  .  

   42   .      Sandborn     WJ    .   Serologic markers in in� ammatory bowel disease: state of 
the art  .   Rev Gastroenterol Disord     2004  ;  4  :  167   –    74  .  

  43   .      Plevy     S    .   Do serological markers and cytokines determine the indetermi-
nate?     J Clin Gastroenterol     2004  ;  38  :  S51   –    6  .  

       44   .      Stange     EF   ,    Travis     SP   ,    Vermeire     S       et al.       European evidence based consensus 
on the diagnosis and management of Crohn’s disease: de� nitions and 
diagnosis  .   Gut     2006  ;  55     (Suppl 1)  :   i1   –   15  .  

   45   .      Vermeire     S    .   NOD2/CARD15: relevance in clinical practice  .   Best Pract Res 
Clin Gastroenterol     2004  ;  18  :  569   –    75  .  

  46   .      Mathew     CG   ,    Lewis     CM    .   Genetics of in� ammatory bowel disease: progress 
and prospects  .   Hum Mol Genet     2004  ;  13     (Spec no. 1)  :   R161   –    8  .  

  47   .      Cho     J    .   Genetics: molecular and chromosomal considerations  .   In Sartor RB, 
Sandborn WJ (eds).     Kirsner’s In� ammatory Bowel Diseases, 6  .   Saunders 
(Elsevier): Philadelphia  ,   2004  ,   pp.     105   –    19  .  

   48   .      Schreiber     S   ,    Hanpe     J   ,    Nikolaus     S       et al.       Review article: exploration of the
 genetic aetiology of in� ammatory bowel disease — implications for 
diagnosis and therapy  .   Aliment Pharmacol $ er     2004  ;  20     (Suppl 4)  :   1   –   8  .  

   49   .      Duerr     RH   ,    Taylor     KD   ,    Brant     SR       et al.       A genome-wide association 
study identi� es IL23R as an in� ammatory bowel disease gene  .   Science   
  2006  ;  314  :  1461   –    3  .  

  50   .      Ajlouni     Y   ,    Iser     JH   ,    Gibson     PR    .   Endoscopic balloon dilatation of intestinal 
strictures in Crohn’s disease: safe alternative to surgery  .   J Gastroenterol 
Hepatol     2007  ;  22  :  486   –    90  .  

   51   .      Van Assche     G   ,    Paintaud     V   ,    Magdelaine     C       et al.       Concomitant immuno-
suppression does not impact on the outcome of maintenance in� iximab 
therapy in Crohn’s disease: � nal results of the IMID trial  .   Gastroenterology   
  2007  ;  132  :  A-103  .  

   52   .      Hassan     C   ,    Zullo     A   ,    De Francesco     V       et al.       Systematic review: endoscopic 
dilatation in Crohn’s disease  .   Aliment Pharmacol $ er     2007  ;  26  :  1457   –    64  .  

   53   .      East     JE   ,    Brooker     JC   ,    Rutter     MD       et al.       A pilot study of intrastricture steroid 
versus placebo injection a> er balloon dilatation of Crohn’s strictures  .   Clin 
Gastroenterol Hepatol     2007  ;  5  :  1065   –    9  .  

   54   .      Modigliani     R   ,    Mary     JY   ,    Simon     JF       et al.       Clinical, biological, and endoscopic 
picture of attacks of Crohn’s disease. Evolution on prednisolone  . 
  Gastroenterology     1990  ;  98  :  811   –    8  .  

     55   .      Rutgeerts     P   ,    Diamond     RH   ,    Bala     M       et al.       Scheduled maintenance treat-
ment with in� iximab is superior to episodic treatment for the healing of 
mucosal ulceration associated with Crohn’s disease  .   Gastrointest Endosc   
  2006  ;  63  :  433   –    42  ;   quiz 64  .  

    56   .      Rutgeerts     P   ,    Geboes     K   ,    Vantrappen     G       et al.       Predictability of the postopera-
tive course of Crohn’s disease  .   Gastroenterology     1990  ;  99  :  956   –    63  .  

  57   .    $ e role of colonoscopy in the management of patients with in� ammatory 
bowel disease. American Society for Gastrointestinal Endoscopy  .   
Gastrointest Endosc     1998  ;  48  :  689   –    90  .  

  58   .      Chutkan     RK   ,    Scherl     E   ,    Waye     JD    .   Colonoscopy in in� ammatory bowel 
disease  .   Gastrointest Endosc Clin N Am     2002  ;  12  :  463   –    83  ,   viii  .  

  59   .      Itzkowitz     SH   ,    Present     DH    .   Consensus conference: colorectal cancer screen-
ing and surveillance in in� ammatory bowel disease  .   In� amm Bowel Dis   
  2005  ;  11  :  314   –    21  .  

   60   .      Eliakim     R   ,    Suissa     A   ,    Yassin     K       et al.       Wireless capsule video endoscopy com-
pared to barium follow-through and computerised tomography in patients 
with suspected Crohn’s disease — � nal report  .   Dig Liver Dis     2004  ;  36  :  519   –    22  .  

  61   .      Hommes     DW   ,    van Deventer     SJ    .   Endoscopy in in� ammatory bowel diseases  . 
  Gastroenterology     2004  ;  126  :  1561   –    73  .  

  62   .      Triester     SL   ,    Leighton     JA   ,    Leontiadis     GI       et al.       A meta-analysis of the yield 
of capsule endoscopy compared to other diagnostic modalities in patients 



The American Journal of GASTROENTEROLOGY    www.amjgastro.com

16
  

 Lichtenstein  et al . 

  114   .      Kane     SV   ,    Schoenfeld     P   ,    Sandborn     WJ       et al.       $ e e  ectiveness of budesonide 
therapy for Crohn’s disease  .   Aliment Pharmacol $ er     2002  ;  16  :  1509   –    17  .  

  115   .      Otley     A   ,    Steinhart     AH    .   Budesonide for induction of remission in Crohn’s 
disease  .   Cochrane Database Syst Rev     2005  ,   CD000296  .  

   116   .      $ omsen     OO   ,    Cortot     A   ,    Jewell     D       et al.       A comparison of budesonide and 
mesalamine for active Crohn’s disease. International Budesonide – 
Mesalamine Study Group [see comments]  .   N Engl J Med     1998  ;  339  :  370   –    4  .  

  117   .      Rutgeerts     P   ,    Lo_ erg     R   ,    Malchow     H       et al.       A comparison of budesonide 
with prednisolone for active Crohn’s disease [see comments]  .   N Engl J 
Med     1994  ;  331  :  842   –    5  .  

   118   .      Tremaine     WJ    .   Gastroduodenal Crohn’s disease: medical management  . 
  In� amm Bowel Dis     2003  ;  9  :  127   –    8  ;   discussion 31  .  

  119   .      Freeman     HJ    .   Long-term clinical behavior of jejunoileal involvement in 
Crohn’s disease  .   Can J Gastroenterol     2005  ;  19  :  575   –    8  .  

  120   .      van Hogezand     RA   ,    Witte     AM   ,    Veenendaal     RA       et al.       Proximal Crohn’s 
disease: review of the clinicopathologic features and therapy  .   In� amm 
Bowel Dis     2001  ;  7  :  328   –    37  .  

  121   .      Campieri     M   ,    Ferguson     A   ,    Doe     W       et al.       Oral budesonide is as e  ective as 
oral prednisolone in active Crohn’s disease. $ e Global Budesonide Study 
Group  .   Gut     1997  ;  41  :  209   –    14  .  

  122   .      Bernstein     CN   ,    Leslie     WD   ,    Lebo       MS    .   AGA technical review on oste-
oporosis in gastrointestinal diseases  .   Gastroenterology     2003  ;  124  :  795   –   841  .  

  123   .      Munkholm     P   ,    Langholz     E   ,    Davidsen     M       et al.       Frequency of glucocorticoid 
resistance and dependency in Crohn’s disease  .   Gut     1994  ;  35  :  360   –    2  .  

    124   .      Franchimont     DP   ,    Louis     E   ,    Croes     F       et al.       Clinical pattern of corticosteroid 
dependent Crohn’s disease  .   Eur J Gastroenterol Hepatol     1998  ;  10  :  821   –    5  .  

   125   .      Modigliani     R   ,    Colombel     JF   ,    Dupas     JL       et al.       Mesalamine in Crohn’s disease 
with steroid-induced remission: e  ect on steroid withdrawal and 
remission maintenance, Groupe d ’ Etudes $ erapeutiques des A  ections 
In� ammatoires Digestives  .   Gastroenterology     1996  ;  110  :  688   –    93  .  

  126   .      Rijk     MC   ,    Van Hogezand     RA   ,    Van Lier     HJJ       et al.       Sulphasalazine and 
prednisone compared with sulphasalazine for treating active Crohn’s 
disease  .   Ann Intern Med     1991  ;  114  :  445   –    50  .  

   127   .      Sandborn     W   ,    Sutherland     L   ,    Pearson     D       et al.       Azathioprine or 6-mercap-
topurine for inducing remission of Crohn’s disease  .   Cochrane Database 
Syst Rev     2000  ,   CD000545  .  

   128   .      Pearson     DC   ,    May     GR   ,    Fick     G       et al.       Azathioprine for maintaining remis-
sion of Crohn’s disease  .   Cochrane Database Syst Rev     2000  ,   CD000067  .  

    129   .      Alfadhli     AA   ,    McDonald     JW   ,    Feagan     BG    .   Methotrexate for induction of 
remission in refractory Crohn’s disease  .   Cochrane Database Syst Rev     2005  , 
  CD003459  .  

  130   .      Osterman     MT   ,    Kundu     R   ,    Lichtenstein     GR       et al.       Association of 6-thiogua-
nine nucleotide levels and in� ammatory bowel disease activity: a meta-
analysis  .   Gastroenterology     2006  ;  130  :  1047   –    53  .  

   131   .      Dubinsky     MC   ,    Reyes     E   ,    Ofman     J       et al.       A cost-e  ectiveness analysis of 
alternative disease management strategies in patients with Crohn’s disease 
treated with azathioprine or 6-mercaptopurine  .   Am J Gastroenterol   
  2005  ;  100  :  2239   –    47  .  

  132   .      Aberra     FN   ,    Lichtenstein     GR    .   Review article: monitoring of immu-
nomodulators in in� ammatory bowel disease  .   Aliment Pharmacol $ er   
  2005  ;  21  :  307   –    19  .  

  133   .      Roblin     X   ,    Serre-Debeauvais     F   ,    Phelip     JM       et al.       6-Tioguanine monitoring 
in steroid-dependent patients with in� ammatory bowel diseases receiving 
azathioprine  .   Aliment Pharmacol $ er     2005  ;  21  :  829   –    39  .  

   134   .      Dubinsky     MC   ,    Yang     H   ,    Hassard     PV       et al.       6-MP metabolite pro� les 
provide a biochemical explanation for 6-MP resistance in patients with 
in� ammatory bowel disease  .   Gastroenterology     2002  ;  122  :  904   –    15  .  

   135   .      de Boer     NK   ,    Reinisch     W   ,    Teml     A       et al.       6-$ ioguanine treatment in in� am-
matory bowel disease: a critical appraisal by a European 6-TG Working 
Party  .   Digestion     2006  ;  73  :  25   –   31  .  

  136   .      Derijks     LJ   ,    Gilissen     LP   ,    Hooymans     PM       et al.       Review article: thiopurines in 
in� ammatory bowel disease  .   Aliment Pharmacol $ er     2006  ;  24  :  715   –    29  .  

   137   .      Dubinsky     MC   ,    Vasiliauskas     EA   ,    Singh     H       et al.       6-$ ioguanine can 
cause serious liver injury in in� ammatory bowel disease patients  . 
  Gastroenterology     2003  ;  125  :  298   –   303  .  

   138   .      Vandeputte     L   ,    D ’ Haens     G   ,    Baert     F       et al.       Methotrexate in refractory 
Crohn’s disease  .   In� amm Bowel Dis     1999  ;  5  :  11   –    5  .  

    139   .      Te     HS   ,    Schiano     TD   ,    Kuan     SF       et al.       Hepatic e  ects of long-term 
methotrexate use in the treatment of in� ammatory bowel disease  .   Am J 
Gastroenterol     2000  ;  95  :  3150   –    6  .  

   140   .      Kremer     JM   ,    Alarcon     GS   ,    Lightfoot     RW     Jr       et al.       Methotrexate for rheuma-
toid arthritis. Suggested guidelines for monitoring liver toxicity. American 
College of Rheumatology  .   Arthritis Rheum     1994  ;  37  :  316   –    28  .  

  88   .      Lichtenstein     GR   ,    Yan     S   ,    Bala     M       et al.       In� iximab maintenance treatment 
reduces hospitalizations, surgeries, and procedures in � stulizing Crohn’s 
disease  .   Gastroenterology     2005  ;  128  :  862   –    9  .  

  89   .      Cross     RK   ,    Wilson     KT   ,    Binion     DG    .   Narcotic use in patients with Crohn’s 
disease  .   Am J Gastroenterol     2005  ;  100  :  2225   –    9  .  

  90   .      Edwards     JT   ,    Radford-Smith     GL   ,    Florin     TH    .   Chronic narcotic use in 
in� ammatory bowel disease patients: prevalence and clinical characteris-
tics  .   J Gastroenterol Hepatol     2001  ;  16  :  1235   –    8  .  

   91   .      Summers     RW   ,    Switz     DM   ,    Sessions     JT     Jr       et al.       National Cooperative 
Crohn’s Disease Study: results of drug treatment  .   Gastroenterology   
  1979  ;  77  :  847   –    69  .  

   92   .      Malchow     H   ,    Ewe     K   ,    Brandes     JW       et al.       European Cooperative Crohn’s 
Disease Study (ECCDS): results of drug treatment  .   Gastroenterology   
  1984  ;  86  :  249   –    66  .  

  93   .      Van Hees     PAM   ,    Van Lier     HJJ   ,    van Elteren     PH       et al.       E  ect of sulphasalazine 
in patients with active Crohn’s disease: a controlled double-blind study  . 
  Gut     1981  ;  22  :  404   –    9  .  

  94   .      Anthonisen     P   ,    Barany     F   ,    Folkenborg     O       et al.       $ e clinical e  ect of 
salazosulphapyridine (salazopyrin) in Crohn’s disease. A controlled 
double-blind study  .   Scand J Gastroenterol     1974  ;  9  :  549   –    54  .  

   95   .      Feagan     BG    .   Aminosalicylates for active disease and in the maintenance of 
remission in Crohn’s disease  .   Eur J Surg     1998  ;  164  :  903   –    9  .  

  96   .      Prantera     C   ,    Cottone     M   ,    Pallone     F       et al.       Mesalamine in the treatment 
of mild to moderate active Crohn’s ileitis: results of a randomized, 
multicenter trial  .   Gastroenterology     1999  ;  116  :  521   –    6  .  

  97   .      Tremaine     WJ   ,    Schroeder     KW   ,    Harrison     JM       et al.       A randomized, double-
blind, placebo-controlled trial of the oral mesalamine (5-ASA) prepara-
tion, Asacol, in the treatment of symptomatic Crohn’s colitis and 
ileocolitis  .   J Clin Gastroenterol     1994  ;  19  :  278   –    82  .  

  98   .      Singleton     JW   ,    Hanauer     SB   ,    Gitnick     GL       et al.       Mesalamine capsules for the 
treatment of active Crohn’s disease: results of a 16-week trial. Pentasa 
Crohn’s Disease Study Group  .   Gastroenterology     1993  ;  104  :  1293   –    301  .  

   99   .      Hanauer     SB   ,    Stromberg     U    .   Oral Pentasa in the treatment of active Crohn’s 
disease: a meta-analysis of double-blind, placebo-controlled trials  . 
  Clin Gastroenterol Hepatol     2004  ;  2  :  379   –    88  .  

    100   .      Sutherland     L   ,    Singleton     J   ,    Sessions     J       et al.       Double blind, placebo controlled 
trial of metronidazole in Crohn’s disease  .   Gut     1991  ;  32  :  1071   –    5  .  

   101   .      Ursing     B   ,    Alm     T   ,    Barany     F       et al.       A comparative study of metronidazole 
and sulfasalazine for active Crohn’s disease: the Cooperative Crohn’s 
Disease Study in Sweden. II. Result  .   Gastroenterology     1982  ;  83  :  550   –    62  .  

  102   .      Ambrose     NS   ,    Allan     RN   ,    Keighley     MR       et al.       Antibiotic therapy for treat-
ment in relapse of intestinal Crohn’s disease. A prospective randomized 
study  .   Dis Colon Rectum     1985  ;  28  :  81   –    5  .  

  103   .      Blichfeldt     P   ,    Blomho       JP   ,    Myhre     E       et al.       Metronidazole in Crohn’s disease. 
A double blind cross-over clinical trial  .   Scand J Gastroenterol     1978  ;  13  :  123   –    7  .  

   104   .      Du  y     LF   ,    Daum     F   ,    Fisher     SE       et al.       Peripheral neuropathy in Crohn’s dis-
ease patients treated with metronidazole  .   Gastroenterology     1985  ;  88  :  681   –    4  .  

   105   .      Colombel     JF   ,    Lemann     M   ,    Cassagnou     M       et al.       A controlled trial comparing 
cipro� oxacin with mesalazine for the treatment of active Crohn’s disease. 
Groupe d ’ Etudes $ erapeutiques des A  ections In� ammatoires Digestives 
(GETAID)  .   Am J Gastroenterol     1999  ;  94  :  674   –    8  .  

   106   .      Arnold     GL   ,    Beaves     MR   ,    Pryjdun     VO       et al.       Preliminary study of cipro-
� oxacin in active Crohn’s disease  .   In� amm Bowel Dis     2002  ;  8  :  10   –    5  .  

   107   .      Steinhart     AH   ,    Feagan     BG   ,    Wong     CJ       et al.       Combined budesonide and 
antibiotic therapy for active Crohn’s disease: a randomized controlled trial  . 
  Gastroenterology     2002  ;  123  :  33   –   40  .  

   108   .      Shafran     I   ,    Johnson     LK    .   An open-label evaluation of rifaximin in the treat-
ment of active Crohn’s disease  .   Curr Med Res Opin     2005  ;  21  :  1165   –    9  .  

   109   .      Prantera     C   ,    Lochs     H   ,    Campieri     M       et al.       Antibiotic treatment of Crohn’s 
disease: results of a multicentre, double blind, randomized, placebo-
controlled trial with rifaximin  .   Aliment Pharmacol $ er     2006  ;  23  :  1117   –    25  .  

  110   .      Afdhal     NH   ,    Long     A   ,    Lennon     J       et al.       Controlled trial of antimycobacte-
rial therapy in Crohn’s disease. Clofazimine versus placebo  .   Dig Dis Sci   
  1991  ;  36  :  449   –    53  .  

  111   .      Prantera     C   ,    Kohn     A   ,    Mangiarotti     R       et al.       Antimycobacterial therapy in 
Crohn’s disease: results of a controlled, double-blind trial with a multiple 
antibiotic regimen  .   Am J Gastroenterol     1994  ;  89  :  513   –    8  .  

   112   .      Borgaonkar     M   ,    MacIntosh     D   ,    Fardy     J       et al.       Anti-tuberculous therapy for 
maintaining remission of Crohn’s disease  .   Cochrane Database Syst Rev   
  2000  ,   CD000299  .  

   113   .      Selby     W   ,    Pavli     P   ,    Crotty     B       et al.       Two-year combination antibiotic therapy 
with clarithromycin, rifabutin, and clofazimine for Crohn’s disease  . 
  Gastroenterology     2007  ;  132  :  2313   –    9  .  



© 2009 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

17

  

 Management of Crohn ’ s Disease in Adults 

  164   .      Van Assche     G   ,    Magdelaine-Beuzelin     C   ,    D ’ Haens     G       et al.       Withdrawal of 
immunosuppression in Crohn’s disease treated with scheduled in� iximab 
maintenance: a randomized trial  .   Gastroenterology     2008  ;  134  :  1861   –    8  .  

   165   .      Lichtenstein     G   ,    Diamond     R   ,    Wagner     A       et al.       In� iximab administered as 
3-dose induction followed by scheduled maintenance therapy in IBD: 
comparable clinical outcomes with or without concomitant immuno-
modulators  .   Gastroenterology     2007  ;  132  :  A-146  .  

  166   .      Feagan     B    .   A randomized trial of methotrexate in combination with in� iximab 
for the treatment of Crohn’s disease  .   Gastroenterology     2008  ;  134  :  A-682  .  

   167   .      Targan     SR   ,    Feagan     BG   ,    Fedorak     RN       et al.       Natalizumab for the treatment 
of active Crohn’s disease: results of the ENCORE Trial  .   Gastroenterology   
  2007  ;  132  :  1672   –    83  .  

  168   .      Van Assche     G   ,    Van Ranst     M   ,    Sciot     R       et al.       Progressive multifocal 
leukoencephalopathy a> er natalizumab therapy for Crohn’s disease  . 
  N Engl J Med     2005  ;  353  :  362   –    8  .  

  169   .      Yousry     TA   ,    Major     EO   ,    Ryschkewitsch     C       et al.       Evaluation of patients 
treated with natalizumab for progressive multifocal leukoencephalopathy  . 
  N Engl J Med     2006  ;  354  :  924   –    33  .  

    170   .      Rockey     DC   ,    Bissell     DM    .   Noninvasive measures of liver � brosis  . 
  Hepatology     2006  ;  43  :  S113   –    20  .  

    171   .      Zachos     M   ,    Tondeur     M   ,    Gri:  ths     AM    .   Enteral nutritional therapy for 
inducing remission of Crohn’s disease  .   Cochrane Database Syst Rev     2001  , 
  CD000542  .  

   172   .      Shepherd     HA   ,    Barr     GD   ,    Jewell     DP    .   Use of an intravenous steroid regimen in 
the treatment of acute Crohn’s disease  .   J Clin Gastroenterol     1986  ;  8  :  154   –    9  .  

  173   .      Bernstein     CN   ,    Greenberg     H   ,    Boult     I       et al.       A prospective comparison study 
of MRI versus small bowel follow-through in recurrent Crohn’s disease  . 
  Am J Gastroenterol     2005  ;  100  :  2493   –    502  .  

  174   .      Higgins     PD   ,    Caoili     E   ,    Zimmermann     M       et al.       Computed tomographic 
enterography adds information to clinical management in small bowel 
Crohn’s disease  .   In� amm Bowel Dis     2007  ;  13  :  262   –    8  .  

  175   .      Rieber     A   ,    Ascho       A   ,    Nussle     K       et al.       MRI in the diagnosis of small bowel 
disease: use of positive and negative oral contrast media in combination 
with enteroclysis  .   Eur Radiol     2000  ;  10  :  1377   –    82  .  

   176   .      Felder     JB   ,    Adler     DJ   ,    Korelitz     BI    .   $ e safety of corticosteroid therapy in Crohn’s 
disease with an abdominal mass  .   Am J Gastroenterol     1991  ;  86  :  1450   –    5  .  

   177   .      Kornbluth     A   ,    Marion     JF   ,    Salomon     P       et al.       How e  ective is current medical 
therapy for severe ulcerative and Crohn’s colitis? An analytic review of 
selected trials  .   J Clin Gastroenterol     1995  ;  20  :  280   –    4  .  

   178   .      Egan     LJ   ,    Sandborn     WJ   ,    Tremaine     WJ    .   Clinical outcome following 
treatment of refractory in� ammatory and � stulizing Crohn’s disease with 
intravenous cyclosporine  .   Am J Gastroenterol     1998  ;  93  :  442   –    8  .  

   179   .      Fellermann     K   ,    Ludwig     D   ,    Stahl     M       et al.       Steroid-unresponsive acute 
attacks of in� ammatory bowel disease: immunomodulation by 
tacrolimus (FK506)  .   Am J Gastroenterol     1998  ;  93  :  1860   –    6  .  

   180   .      McDonald     J   ,    Feagan     B   ,    Jewell     D       et al.       Cyclosporine for induction of remis-
sion in Crohn’s disease  .   Cochrane Database Syst Rev     2005  ,   CD000297  .  

  181   .      Sandborn     WJ    .   Preliminary report on the use of oral tacrolimus (FK506) in 
the treatment of complicated proximal small bowel and � stulizing Crohn’s 
disease  .   Am J Gastroenterol     1997  ;  92  :  876   –    9  .  

  182   .      Ierardi     E   ,    Principi     M   ,    Francavilla     R       et al.       Oral tacrolimus long-term 
therapy in patients with Crohn’s disease and steroid resistance  .   Aliment 
Pharmacol $ er     2001  ;  15  :  371   –    7  .  

   183   .      Holtmann     MH   ,    Neurath     MF    .   Anti-TNF strategies in stenosing and 
� stulizing Crohn’s disease  .   Int J Colorectal Dis     2005  ;  20  :  1   –   8  .  

  184   .      Ierardi     E   ,    Principi     M   ,    Francavilla     R       et al.       Oral tacrolimus long-term 
therapy in patients with Crohn’s disease and steroid resistance  .   Aliment 
Pharmacol $ er     2001  ;  15  :  371   –    7  .  

   185   .      Sandborn     WJ    .   Optimizing anti-tumor necrosis factor strategies in 
in� ammatory bowel disease  .   Curr Gastroenterol Rep     2003  ;  5  :  501   –    5  .  

  186   .      Bernstein     LH   ,    Frank     MS   ,    Brandt     LJ       et al.       Healing of perineal Crohn’s 
disease with metronidazole  .   Gastroenterology     1980  ;  795  :  357   –    65  .  

  187   .      Brandt     LJ   ,    Bernstein     LH   ,    Boley     SJ       et al.       Metronidazole therapy for perineal 
Crohn’s disease: a follow-up study  .   Gastroenterology     1982  ;  83  :  383   –    7  .  

  188   .      Jakobovits     J   ,    Schuster     MM    .   Metronidazole therapy for Crohn’s disease and 
associated � stulae  .   Am J Gastroenterol     1984  ;  79  :  533   –    40  .  

   189   .      Isaacs     KL   ,    Sartor     RB    .   Treatment of in� ammatory bowel disease with 
antibiotics  .   Gastroenterol Clin North Am     2004  ;  33  :  335   –    45  ,   x  .  

  190   .      Hanauer     SB   ,    Smith     MB    .   Rapid closure of Crohn’s disease � stulas with 
continuous intravenous cyclosporin A [see comments]  .   Am J 
Gastroenterol     1993  ;  88  :  646   –    9  .  

  191   .      Present     DH   ,    Lichtiger     S    .   E:  cacy of cyclosporine in treatment of � stula of 
Crohn’s disease  .   Dig Dis Sci     1994  ;  39  :  374   –    80  .  

   141   .      Targan     SR   ,    Hanauer     SB   ,    van Deventer     SJ       et al.       A short-term study of chimeric 
monoclonal antibody cA2 to tumor necrosis factor alpha for Crohn’s disease. 
Crohn’s Disease cA2 Study Group  .   N Engl J Med     1997  ;  337  :  1029   –    35  .  

    142   .      Sandborn     WM   ,    Rutgeerts     PM   ,    Reinisch     WM       et al.       Sonic: a randomized, 
double-blind, controlled trial comparing in� iximab and in� iximab plus 
azathioprine to azathioprine in patients with Crohn’s disease naive to 
immunomodulators and biologic therapy: 1117  .   Am J Gastroenterol   
  2008  ;  103     (Suppl)  :   S436  .  

   143   .      Lemann     M   ,    Mary     JY   ,    Duclos     B       et al.       In� iximab plus azathioprine for 
steroid-dependent Crohn’s disease patients: a randomized placebo-
controlled trial  .   Gastroenterology     2006  ;  130  :  1054   –    61  .  

   144   .      Keane     J   ,    Gershon     S   ,    Wise     RP       et al.       Tuberculosis associated with in� ixi-
mab, a tumor necrosis factor alpha-neutralizing agent  .   N Engl J Med   
  2001  ;  345  :  1098   –    104  .  

  145   .      Khanna     D   ,    McMahon     M   ,    Furst     DE    .   Safety of tumour necrosis factor-alpha 
antagonists  .   Drug Saf     2004  ;  27  :  307   –    24  .  

  146   .      Van Assche     G   ,    Vermeire     S   ,    Rutgeerts     P    .   Safety issues with biological 
therapies for in� ammatory bowel disease  .   Curr Opin Gastroenterol   
  2006  ;  22  :  370   –    6  .  

   147   .      Mow     WS   ,    Abreu-Martin     MT   ,    Papadakis     KA       et al.       High incidence of 
anergy in in� ammatory bowel disease patients limits the usefulness of 
PPD screening before in� iximab therapy  .   Clin Gastroenterol Hepatol   
  2004  ;  2  :  309   –    13  .  

  148   .      Anderson     PJ    .   Tumor necrosis factor inhibitors: clinical implications 
of their di  erent immunogenicity pro� les  .   Semin Arthritis Rheum   
  2005  ;  34  :  19   –   22  .  

   149   .      Baert     F   ,    Noman     M   ,    Vermeire     S       et al.       In� uence of immunogenicity on 
the long-term e:  cacy of in� iximab in Crohn’s disease  .   N Engl J Med   
  2003  ;  348  :  601   –    8  .  

  150   .      Rutgeerts     P   ,    Van Assche     G   ,    Vermeire     S    .   Optimizing anti-TNF treatment in 
in� ammatory bowel disease  .   Gastroenterology     2004  ;  126  :  1593   –    610  .  

  151   .      Cheifetz     A   ,    Smedley     M   ,    Martin     S       et al.       $ e incidence and management 
of infusion reactions to in� iximab: a large center experience  .   Am J 
Gastroenterol     2003  ;  98  :  1315   –    24  .  

    152   .      Rutgeerts     P   ,    Feagan     BG   ,    Lichtenstein     GR       et al.       Comparison of scheduled 
and episodic treatment strategies of in� iximab in Crohn’s disease  . 
  Gastroenterology     2004  ;  126  :  402   –    13  .  

     153   .      Hanauer     SB   ,    Wagner     CL   ,    Bala     M       et al.       Incidence and importance of 
antibody responses to in� iximab a> er maintenance or episodic treatment 
in Crohn’s disease  .   Clin Gastroenterol Hepatol     2004  ;  2  :  542   –    53  .  

  154   .      Farrell     RJ   ,    Alsahli     M   ,    Jeen     YT       et al.       Intravenous hydrocortisone premedi-
cation reduces antibodies to in� iximab in Crohn’s disease: a randomized 
controlled trial  .   Gastroenterology     2003  ;  124  :  917   –    24  .  

   155   .      Nancey     S   ,    Blanvillain     E   ,    Parmentier     B       et al.       In� iximab treatment does 
not induce organ-speci� c or nonorgan-speci� c autoantibodies other than 
antinuclear and anti-double-stranded DNA autoantibodies in Crohn’s 
disease  .   In� amm Bowel Dis     2005  ;  11  :  986   –    91  .  

  156   .      Sandborn     WJ   ,    Rutgeerts     P   ,    Enns     R       et al.       Adalimumab induction therapy 
for Crohn disease previously treated with in� iximab: a randomized trial  . 
  Ann Intern Med     2007  ;  146  :  829   –    38  .  

   157   .      Hanauer     S   ,    Lukas     M   ,    Macintosh     D       et al.       A randomized, double-blind, 
placebo-controlled trial of the human anti-TNF-alpha monoclonal anti-
body adalimumab for the induction of remission in patients with moderate 
to severely active Crohn’s disease  .   Gastroenterology     2004  ;  127  :  332  .  

  158   .      Colombel     JF   ,    Sandborn     WJ   ,    Rutgeerts     P       et al.       Adalimumab for mainte-
nance of clinical response and remission in patients with Crohn’s disease: 
$ e CHARM Trial  .   Gastroenterology     2007  ;  132  :  52   –   65  .  

   159   .      Sandborn     WJ   ,    Hanauer     SB   ,    Rutgeerts     P       et al.       Adalimumab for mainte-
nance treatment of Crohn’s disease: results of the CLASSIC II trial  .   Gut   
  2007  ;  56  :  1232   –    9  .  

   160   .      Schreiber     S   ,    Rutgeerts     P   ,    Fedorak     RN       et al.       A randomized, placebo-
controlled trial of certolizumab pegol (CDP870) for treatment of Crohn’s 
disease  .   Gastroenterology     2005  ;  129  :  807   –    18  .  

   161   .      Osterman     MT   ,    Lichtenstein     GR    .   Current and future anti-TNF therapy 
for in� ammatory bowel disease  .   Curr Treat Options Gastroenterol   
  2007  ;  10  :  195   –   207  .  

   162   .      Sandborn     WJ   ,    Hanauer     SB   ,    Katz     S       et al.       Etanercept for active Crohn’s 
disease: a randomized, double-blind, placebo-controlled trial  . 
  Gastroenterology     2001  ;  121  :  1088   –    94  .  

  163   .      Clark     M   ,    Colombel     JF   ,    Feagan     BC       et al.       American gastroenterological 
association consensus development conference on the use of biologics 
in the treatment of in� ammatory bowel disease, June 21 – 23, 2006  . 
  Gastroenterology     2007  ;  133  :  312   –    39  .  



The American Journal of GASTROENTEROLOGY    www.amjgastro.com

18
  

 Lichtenstein  et al . 

  192   .      Gonzalez-Lama     Y   ,    Abreu     L   ,    Vera     MI       et al.       Long-term oral tacrolimus 
therapy in refractory to in� iximab � stulizing Crohn’s disease: a pilot study  . 
  In� amm Bowel Dis     2005  ;  11  :  8   –   15  .  

   193   .      Sandborn     WJ   ,    Present     DH   ,    Isaacs     KL       et al.       Tacrolimus for the treatment of 
� stulas in patients with Crohn’s disease: a randomized, placebo-controlled 
trial  .   Gastroenterology     2003  ;  125  :  380   –    8  .  

  194   .      Dejaco     C   ,    Gasche     C   ,    Reinisch     W       et al.       Cyclosporin A therapy in steroid-
refractory patients with chronic in� ammatory bowel diseases  .   Wien Klin 
Wochenschr     1998  ;  110  :  579   –    84  .  

  195   .      Rutgeerts     P    .   Review article: treatment of perianal � stulizing Crohn’s 
disease  .   Aliment Pharmacol $ er     2004  ;  20     (Suppl 4)  :   106   –    10  .  

   196   .      Mahadevan     U   ,    Marion     JF   ,    Present     DH    .   Fistula response to methotrexate in 
Crohn’s disease: a case series  .   Aliment Pharmacol $ er     2003  ;  18  :  1003   –    8  .  

  197   .      Vandeputte     L   ,    D ’ Haens     G   ,    Baert     F       et al.       Methotrexate in refractory Crohn’s 
disease  .   In� amm Bowel Dis     1999  ;  5  :  11   –    5  .  

   198   .      Present     DH   ,    Rutgeerts     P   ,    Targan     S       et al.       In� iximab for the treatment of 
� stulas in patients with Crohn’s disease  .   N Engl J Med     1999  ;  340  :  1398   –    405  .  

    199   .      Sands     BE   ,    Anderson     FH   ,    Bernstein     CN       et al.       In� iximab maintenance 
therapy for � stulizing Crohn’s disease  .   N Engl J Med     2004  ;  350  :  876   –    85  .  

   200   .      Schroder     O   ,    Blumenstein     I   ,    Schulte-Bockholt     A       et al.       Combining 
in� iximab and methotrexate in � stulizing Crohn’s disease resistant or 
intolerant to azathioprine  .   Aliment Pharmacol $ er     2004  ;  19  :  295   –   301  .  

   201   .      Hanauer     SB    .   Review articles: drug therapy: in� ammatory bowel disease  . 
  N Engl J Med     1996  ;  334  :  841   –    8  .  

   202   .      Steinhart     AH   ,    Ewe     K   ,    Gri:  ths     AM       et al.       Corticosteroids for mainte-
nance of remission in Crohn’s disease  .   Cochrane Database Syst Rev     2003  , 
  CD000301  .  

   203   .      Schoon     EJ   ,    Bollani     S   ,    Mills     PR       et al.       Bone mineral density in relation to 
e:  cacy and side e  ects of budesonide and prednisolone in Crohn’s 
disease  .   Clin Gastroenterol Hepatol     2005  ;  3  :  113   –    21  .  

   204   .      Steinhart     AH   ,    Ewe     K   ,    Gri:  ths     AM       et al.       Corticosteroids for maintaining 
remission of Crohn’s disease  .   Cochrane Database Syst Rev     2001  ,   CD000301  .  

   205   .      Cortot     A   ,    Colombel     JF   ,    Rutgeerts     P       et al.       Switch from systemic steroids to 
budesonide in steroid dependent patients with inactive Crohn’s disease  . 
  Gut     2001  ;  48  :  186   –    90  .  

  206   .      Greenberg     GR   ,    Feagan     BG   ,    Martin     F       et al.       Oral budesonide as 
maintenance treatment for Crohn’s disease: a placebo-controlled, 
dose-ranging study. Canadian In� ammatory Bowel Disease Study Group  . 
  Gastroenterology     1996  ;  110  :  45   –   51  .  

  207   .      Ferguson     A   ,    Campieri     M   ,    Doe     W       et al.       Oral budesonide as maintenance 
therapy in Crohn’s disease — results of a 12-month study. Global 
Budesonide Study Group  .   Aliment Pharmacol $ er     1998  ;  12  :  175   –    83  .  

  208   .      Lo_ erg     R   ,    Rutgeerts     P   ,    Malchow     H       et al.       Budesonide prolongs time to 
relapse in ileal and ileocaecal Crohn’s disease. A placebo controlled one 
year study  .   Gut     1996  ;  39  :  82   –    6  .  

  209   .      Hanauer     S   ,    Sandborn     WJ   ,    Persson     A       et al.       Budesonide as maintenance 
treatment in Crohn’s disease: a placebo-controlled trial  .   Aliment Pharma-
col $ er     2005  ;  21  :  363   –    71  .  

  210   .      Sandborn     WJ   ,    Lo_ erg     R   ,    Feagan     BG       et al.       Budesonide for maintenance 
of remission in patients with Crohn’s disease in medically induced remis-
sion: a predetermined pooled analysis of four randomized, double-blind, 
placebo-controlled trials  .   Am J Gastroenterol     2005  ;  100  :  1780   –    7  .  

   211   .      Simms     L   ,    Steinhart     AH    .   Budesonide for maintenance of remission in 
Crohn’s disease  .   Cochrane Database Syst Rev     2001  ,   CD002913  .  

   212   .      Akobeng     AK   ,    Gardener     E    .   Oral 5-aminosalicylic acid for maintenance of 
medically-induced remission in Crohn’s disease  .   Cochrane Database Syst 
Rev     2005  ,   CD003715  .  

   213   .      Lemann     M   ,    Mary     JY   ,    Colombel     JF       et al.       A randomized, double-blind, 
controlled withdrawal trial in Crohn’s disease patients in long-term 
remission on azathioprine  .   Gastroenterology     2005  ;  128  :  1812   –    8  .  

  214   .      Connell     WR   ,    Kamm     MA   ,    Ritchie     JK       et al.       Bone marrow toxicity caused by 
azathioprine in in� ammatory bowel disease: 27 years of experience  .   Gut   
  1993  ;  34  :  1081   –    5  .  

  215   .      Colombel     JF   ,    Ferrari     N   ,    Debuysere     H       et al.       Genotypic analysis of 
thiopurine  S -methyltransferase in patients with Crohn’s disease and 
severe myelosuppression during azathioprine therapy  .   Gastroenterology   
  2000  ;  118  :  1025   –    30  .  

    216   .      Kandiel     A   ,    Fraser     AG   ,    Korelitz     BI       et al.       Increased risk of lymphoma 
among in� ammatory bowel disease patients treated with azathioprine and 
6-mercaptopurine  .   Gut     2005  ;  54  :  1121   –    5  .  

  217   .      Smedby     KE   ,    Baecklund     E   ,    Askling     J    .   Malignant lymphomas in auto-
immunity and in� ammation: a review of risks, risk factors, and lymphoma 
characteristics  .   Cancer Epidemiol Biomarkers Prev     2006  ;  15  :  2069   –    77  .  

  218   .      Connell     WR   ,    Kamm     MA   ,    Dickson     M       et al.       Long-term neoplasia risk a> er aza-
thioprine treatment in in� ammatory bowel disease  .   Lancet     1994  ;  343  :  1249   –    52  .  

  219   .      Jess     T   ,    Winther     KV   ,    Munkholm     P       et al.       Intestinal and extra-intestinal 
cancer in Crohn’s disease: follow-up of a population-based cohort in 
Copenhagen County, Denmark  .   Aliment Pharmacol $ er     2004  ;  19  :  287   –    93  .  

   220   .      Lewis     JD   ,    Schwartz     JS   ,    Lichtenstein     GR    .   Azathioprine for maintenance 
of remission in Crohn’s disease: bene� ts outweigh the risk of lymphoma  . 
  Gastroenterology     2000  ;  118  :  1018   –    24  .  

  221   .      Dayharsh     GA   ,    Lo> us     EV     Jr   ,    Sandborn     WJ       et al.       Epstein – Barr virus-
positive lymphoma in patients with in� ammatory bowel disease treated 
with azathioprine or 6-mercaptopurine  .   Gastroenterology     2002  ;  122  :  72   –    7  .  

   222   .      Navarro     JT   ,    Ribera     JM   ,    Mate     JL       et al.       Hepatosplenic T-gammadelta 
lymphoma in a patient with Crohn’s disease treated with azathioprine  . 
  Leuk Lymphoma     2003  ;  44  :  531   –    3  .  

  223   .      Rosh     JR   ,    Oliva-Hemker     M    .   In� iximab use and hepatosplenic T cell 
lymphoma: questions to be asked and lessons learned  .   J Pediatr 
Gastroenterol Nutr     2007  ;  44  :  165   –    7  .  

  224   .      Mackey     AC   ,    Green     L   ,    Liang     LC       et al.       Hepatosplenic T cell lymphoma 
associated with in� iximab use in young patients treated for in� ammatory 
bowel disease  .   J Pediatr Gastroenterol Nutr     2007  ;  44  :  265   –    7  .  

   225   .      Feagan     BG   ,    Fedorak     RN   ,    Irvine     EJ       et al.       A comparison of methotrexate 
with placebo for the maintenance of remission in Crohn’s disease. North 
American Crohn’s Study Group Investigators [see comments]  .   N Engl J 
Med     2000  ;  342  :  1627   –    32  .  

  226   .      Chong     RY   ,    Hanauer     SB   ,    Cohen     RD    .   E:  cacy of parenteral methotrexate in 
refractory Crohn’s disease  .   Aliment Pharmacol $ er     2001  ;  15  :  35   –   44  .  

  227   .      Lemann     M   ,    Zenjari     T   ,    Bouhnik     Y       et al.       Methotrexate in Crohn’s disease: 
long-term e:  cacy and toxicity  .   Am J Gastroenterol     2000  ;  95  :  1730   –    4  .  

   228   .      Siegel     CA   ,    Hur     C   ,    Korzenik     JR       et al.       Risks and bene� ts of in� iximab for 
the treatment of Crohn’s disease  .   Clin Gastroenterol Hepatol     2006  ;  4  :
  1017   –    24  ;   quiz 976  .  

   229   .      D ’ Haens     G   ,    Baert     F   ,    van Assche     G       et al.       Early combined immunosup-
pression or conventional management in patients with newly diagnosed 
Crohn’s disease: an open randomised trial  .   Lancet     2008  ;  371  :  660   –    7  .  

   230   .      Sandborn     WJ   ,    Feagan     BG   ,    Stoinov     S       et al.       Certolizumab pegol for the 
treatment of Crohn’s disease  .   N Engl J Med     2007  ;  357  :  228   –    38  .  

   231   .      Schreiber     S   ,    Khaliq-Kareemi     M   ,    Lawrance     IC       et al.       Maintenance therapy 
with certolizumab pegol for Crohn’s disease  .   N Engl J Med     2007  ;  357  :  239   –    50  .  

   232   .      Sandborn     WJ   ,    Colombel     JF   ,    Enns     R       et al.       Natalizumab induction and 
maintenance therapy for Crohn’s disease  .   N Engl J Med     2005  ;  353  :  1912   –    25  .  

  233   .      Vermeire     S   ,    Noman     M   ,    Van Assche     G       et al.       E  ectiveness of concomitant 
immunosuppressive therapy in suppressing the formation of antibodies to 
in� iximab in Crohn’s disease  .   Gut     2007  ;  56  :  1226   –    31  .  

   234   .      Rosh     JR   ,    Gross     T   ,    Mamula     P       et al.       Hepatosplenic T-cell lymphoma in 
adolescents and young adults with Crohn’s disease: a cautionary tale?   
  In� amm Bowel Dis     2007  ;  13  :  1024   –    30  .  

   235   .      Sandborn     W   ,    Wagner     C   ,    Fasanmade     A       et al.       E  ects of immunomodula-
tors on pharmacokinetics and immunogenicity of in� iximab administered 
as 3-dose induction followed by systematic maintenance therapy in IBD  . 
  Gastroenterology     2007  ;  132  :  A-504   –    5  .  

  236   .      Yamamoto     T    .   Factors a  ecting recurrence a> er surgery for Crohn’s 
disease  .   World J Gastroenterol     2005  ;  11  :  3971   –    9  .  

  237   .      Kane     SV   ,    Flicker     M   ,    Katz-Nelson     F    .   Tobacco use is associated with 
accelerated clinical recurrence of Crohn’s disease a> er surgically induced 
remission  .   J Clin Gastroenterol     2005  ;  39  :  32   –    5  .  

  238   .      Markowitz     J   ,    Markowitz     JE   ,    Bousvaros     A       et al.       Workshop report: preven-
tion of postoperative recurrence in Crohn’s disease  .   J Pediatr Gastroenterol 
Nutr     2005  ;  41  :  145   –    51  .  

   239   .      Ewe     K   ,    Herfarth     C   ,    Malchow     H       et al.       Postoperative recurrence of Crohn’s 
disease in relation to radicality of operation and sulfasalazine prophylaxis: 
a multicenter trial  .   Digestion     1989  ;  42  :  224   –    32  .  

   240   .      Camma     C   ,    Giunta     M   ,    Rosselli     M       et al.       Mesalamine in the maintenance 
treatment of Crohn’s disease: a meta-analysis adjusted for confounding 
variables  .   Gastroenterology     1997  ;  113  :  1465   –    73  .  

  241   .      Hanauer     SB   ,    Korelitz     BI   ,    Rutgeerts     P       et al.       Postoperative maintenance 
of Crohn’s disease remission with 6-mercaptopurine, mesalamine, or 
placebo: a 2-year trial  .   Gastroenterology     2004  ;  127  :  723   –    9  .  

  242   .      Lochs     H   ,    Mayer     M   ,    Fleig     WE       et al.       Prophylaxis of postoperative relapse in 
Crohn’s disease with mesalamine: European Cooperative Crohn’s Disease 
Study VI [see comments]  .   Gastroenterology     2000  ;  118  :  264   –    73  .  

  243   .      Rutgeerts     P   ,    Hiele     M   ,    Geboes     K       et al.       Controlled trial of metronidazole 
treatment for prevention of Crohn’s recurrence a> er ileal resection 
[see comments]  .   Gastroenterology     1995  ;  108  :  1617   –    21  .  



© 2009 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY

19

  

 Management of Crohn ’ s Disease in Adults 

  244   .      Rutgeerts     P   ,    Van Assche     G   ,    Vermeire     S       et al.       Ornidazole for 
prophylaxis of postoperative Crohn’s disease recurrence: a randomized, 
double-blind, placebo-controlled trial  .   Gastroenterology     2005  ;  128  :  
856   –    61  .  

  245   .      Bergman     L   ,    Krause     U    .   Postoperative treatment with corticosteroids and 
salazosulphapyridine (Salazopyrin) a> er radical resection for Crohn’s 
disease  .   Scand J Gastroenterol     1976  ;  11  :  651   –    6  .  

  246   .      Smith     RC   ,    Rhodes     J   ,    Heatley     RV       et al.       Low dose steroids and clinical 
relapse in Crohn’s disease: a controlled trial  .   Gut     1978  ;  19  :  606   –    10  .  

   247   .      Hellers     G   ,    Cortot     A   ,    Jewell     D       et al.       Oral budesonide for prevention of 
postsurgical recurrence in Crohn’s disease. $ e IOIBD Budesonide Study 
Group  .   Gastroenterology     1999  ;  116  :  294   –   300  .  

  248   .      Ardizzone     S   ,    Maconi     G   ,    Sampietro     GM       et al.       Azathioprine and mesala-
mine for prevention of relapse a> er conservative surgery for Crohn’s 
disease  .   Gastroenterology     2004  ;  127  :  730   –    40  .  

   249   .      D ’ Haens     GR   ,    Vermeire     S   ,    Van Assche     G       et al.       $ erapy of metronidazole 
with azathioprine to prevent postoperative recurrence of Crohn’s disease: 
a controlled randomized trial  .   Gastroenterology     2008  ;  135  :  1123   –    9  .  

   250   .      Sandborn     WJ   ,    Feagan     BG    .   $ e e:  cacy of azathioprine and 
6-mercaptopurine for the prevention of postoperative recurrence in 
patients with Crohn’s disease remains uncertain  .   Gastroenterology   
  2004  ;  127  :  990   –    3  .  

   251   .      Regueiro     MMD   ,    Schraut     WMDP   ,    Baidoo     LMD       et al.       In� iximab for 
prevention of Crohn’s Disease (CD) recurrence a> er ileal resection: 1054  . 
  Am J Gastroenterol     2008  ;  103     (Suppl)  :   S412  .  

  252   .      Gardiner     KR   ,    Dasari     BV    .   Operative management of small bowel Crohn’s 
disease  .   Surg Clin North Am     2007  ;  87  :  587   –   610  .  

  253   .      Steele     SR    .   Operative management of Crohn’s disease of the colon includ-
ing anorectal disease  .   Surg Clin North Am     2007  ;  87  :  611   –    31  .  

  254   .      McLeod     RS    .   Surgery for in� ammatory bowel diseases  .   Dig Dis   
  2003  ;  21  :  168   –    79  .  

  255   .      Tilney     HS   ,    Constantinides     VA   ,    Heriot     AG       et al.       Comparison of laparo-
scopic and open ileocecal resection for Crohn’s disease: a metaanalysis  . 
  Surg Endosc     2006  ;  20  :  1036   –    44  .  

  256   .      $ irlby     RC   ,    Land     JC   ,    Fenster     LF       et al.       E  ect of surgery on health-related 
quality of life in patients with in� ammatory bowel disease: a prospective 
study  .   Arch Surg     1998  ;  133  :  826   –    32  .  

  257   .      Yamamoto     T   ,    Keighley     MR    .   Proctocolectomy is associated with a higher 
complication rate but carries a lower recurrence rate than total 
colectomy and ileorectal anastomosis in Crohn colitis  .   Scand J 
Gastroenterol     1999  ;  34  :  1212   –    5  .  

  258   .      Tonelli     F   ,    Paroli     GM    .   Colorectal Crohn’s disease: indications to surgical 
treatment  .   Ann Ital Chir     2003  ;  74  :  665   –    72  .  

  259   .      Longo     WE   ,    Ballantyne     GH   ,    Cahow     CE    .   Treatment of Crohn’s colitis. 
Segmental or total colectomy?     Arch Surg     1988  ;  123  :  588   –    90  .  

  260   .      Allan     A   ,    Andrews     H   ,    Hilton     CJ       et al.       Segmental colonic resection is an 
appropriate operation for short skip lesions due to Crohn’s disease in the 
colon  .   World J Surg     1989  ;  13  :  611   –    4  ;   discussion 5 – 6  .  

  261   .      Andersson     P   ,    Olaison     G   ,    Hallbook     O       et al.       Segmental resection or subtotal 
colectomy in Crohn’s colitis?     Dis Colon Rectum     2002  ;  45  :  47   –   53  .  

  262   .      Aberra     FN   ,    Lewis     JD   ,    Hass     D       et al.       Corticosteroids and immunomodula-
tors: postoperative infectious complication risk in in� ammatory bowel 
disease patients  .   Gastroenterology     2003  ;  125  :  320   –    7  .  

  263   .      Marchal     L   ,    D ’ Haens     G   ,    Van Assche     G       et al.       $ e risk of post-operative 
complications associated with in� iximab therapy for Crohn’s disease: 
a controlled cohort study  .   Aliment Pharmacol $ er     2004  ;  19  :  749   –    54  .  

   264   .      Fazio     VW   ,    Marchetti     F   ,    Church     M       et al.       E  ect of resection margins on the 
recurrence of Crohn’s disease in the small bowel. A randomized controlled 
trial  .   Ann Surg     1996  ;  224  :  563   –    71  ;   discussion 71 – 3  .  

  265   .      Gervais     DA   ,    Hahn     PF   ,    O ’ Neill     MJ       et al.       Percutaneous abscess drainage in 
Crohn disease: technical success and short- and long-term outcomes 
during 14 years  .   Radiology     2002  ;  222  :  645   –    51  .  

  266   .      Garcia     JC   ,    Persky     SE   ,    Bonis     PA       et al.       Abscesses in Crohn’s disease: outcome 
of medical versus surgical treatment  .   J Clin Gastroenterol     2001  ;  32  :  409   –    12  .  

  267   .      Yamaguchi     A   ,    Matsui     T   ,    Sakurai     T       et al.       $ e clinical characteristics and 
outcome of intraabdominal abscess in Crohn’s disease  .   J Gastroenterol   
  2004  ;  39  :  441   –    8  .  

  268   .      Baker     DE    .   Natalizumab: overview of its pharmacology and safety  .   Rev 
Gastroenterol Disord     2007  ;  7  :  38   –   46  .  

  269   .      MacDonald     JK   ,    McDonald     JW    .   Natalizumab for induction of remission in 
Crohn’s disease  .   Cochrane Database Syst Rev     2007  ,   CD006097  .  

  270   .      Sands     BE   ,    Kozarek     R   ,    Spainhour     J       et al.       Safety and tolerability of 
concurrent natalizumab treatment for patients with Crohn’s disease not in 
remission while receiving in� iximab  .   In� amm Bowel Dis     2007  ;  13  :  2   –   11  .                


