
PO Box 2345, Beijing 100023, China                                                                                                                       World J Gastroenterol  2006 May 28; 12(20): 3204-3212
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

Pediatric inflammatory bowel disease

Karen A Diefenbach, Christopher K Breuer

Karen A Diefenbach, Christopher K Breuer, Department 
of Surgery, Yale University School of Medicine, Division of 
Pediatric Surgery, 330 Cedar Street, Rm. 132 FMB, North Haven, 
CT 06520, United States 
Correspondence to: Christopher K Breuer, MD, Department 
of Surgery, Yale University School of Medicine, Division of 
Pediatric Surgery, 330 Cedar Street, Rm. 132 FMB, North Haven, 
CT 06520, United States. christopher.breuer@yale.edu
Telephone: +1-203-7852701  Fax: +1-203-7853820
Received: 2006-03-29             Accepted: 2006-04-16

Abstract
Inflammatory bowel disease is an important cause of 
gastrointestinal pathology in children and adolescents. 
The incidence of pediatric inflammatory bowel disease 
is increasing; therefore, it is important for the clinician 
to be aware of the presentation of this disease in the 
pediatric population. Laboratory tests, radiology studies, 
and endoscopic procedures are helpful in diagnosing 
inflammatory bowel disease and differentiating between 
Crohn’s disease and ulcerative colitis. Once diagnosed, 
the goal of medical management is to induce remission 
of disease while minimizing the side effects of the 
medication. Specific attention needs to be paid to 
achieving normal growth in this susceptible population. 
Surgical management is usually indicated for failure 
of medical management, complication, or malignancy. 
Algorithms for diagnostic evaluation and treatment of 
pediatric inflammatory bowel disease are presented. 
The specific psychosocial issues facing these patients 
are also discussed in this review as are the future 
goals of research in the complex problem of pediatric 
inflammatory bowel disease.
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Incidence and etiology 
The incidence of  inflammatory bowel disease (IBD), 

which is most commonly divided into ulcerative colitis (UC) 
and Crohn’s disease (CD), appears to be more common in 
countries in the northern hemisphere and in industrialized 
nations. The true worldwide incidence of  pediatric IBD 
is unknown[1].

 

The annual incidence rates of  0.2-8.5 per 
100 000 for CD and 0.5-4.3 per 100 000 for UC have been 
reported[2,3]. Some reports indicate that annual incidence of  
CD is continuing to rise and is approaching or surpassing 
that of  UC[2,4,5].

 

The overall incidence of  IBD increased 
significantly between 1960 and 1990[2,3]. In patients with 
IBD, 25%-30% of  patients with CD and 20% of  patients 
with UC are younger than 20 years old[4].

 

Although the 
incidence in children is lower than that in adults, it is also 
increasing with most recent estimates reported as 47 per 
100 000. 

The etiology of  IBD is unclear. There are several 
theories but most agree that IBD is multifactorial. It is 
believed that a complex interaction of  environmental, 
genetic, and immune factors lead to the development of  
IBD. The role of  each of  these components is believed to 
be different in UC and CD[6]. A combined immunogenetic 
model that encompasses al l three is most l ikely [7].

 

Environmental factors including breastfeeding, smoking, 
diet, occupation, education, climate, and stress have been 
implicated. The most established association is smoking. 
Smokers are at a decreased risk for developing UC but at 
an increased risk for developing CD. The fact that it may 
be protective in UC has led to investigations of  treatment 
regimens that include transdermal nicotine patches without 
conclusive results[5,6].

 

There is a genetic association, but not a clearly defined 
inheritance pattern. Frequency of  IBD in first-degree 
relatives may be as high as 40%[6]. There is a higher 
rate of  concordance for monozygotic twins with CD 
> UC compared with dizygotic twins. In UC, there is 
an increased frequency of  HLA-A11 and HLA-A7 and 
a decreased frequency of  HLA-A9 in CD. In Japanese 
patients with UC there is an increased frequency of  HLA-
DR2, but this is not seen in other populations[6]. Mutations 
in the NOD2/CARD15 gene on chromosome 16 have 
been associated with Crohn’s Disease but not UC[7]. This 
gene is only expressed in monocytes and plays a role in 
activating nuclear factor-kappa B (NF-kB) which is a 
critical mediator of  inflammatory responses and leads to 
the production of  proinflammatory cytokines[8]. Patients 
with NOD2/CARD15 genotype have demonstrated 
fibrostenosing disease, usually in the ileum, and earlier 
disease onset[9]. It may be negatively associated with UC-
like disease or the perforating type of  CD[8]. Another gene, 
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IBD5, located within the 5q31 cytokine cluster, has been 
associated with perianal disease in Crohn’s patients.   

The immune system is also involved, but the inciting 
event is unclear. An infect ious et iology has been 
considered and essentially all patients with IBD have 
increased titers against bacteria, viruses, and fungi. Of  
the many infectious agents that have been considered, 
including the virus that causes measles, E.coli, and M. 
paratuberculosis, no association of  these has been 
proven[5,6]. Theories that focus on the involvement of  
the immune system include persistent bacterial infection, 
defective mucosal barrier, or an imbalance in the regulation 
of  the immune response[7]. One theory of  CD is described 
as an inappropriate immune response triggered by genetic 
or environmental factors[8]. There is some evidence that 
interleukin-15 (IL-15) and the IL-15 receptor (IL-15R) 
system is involved in inflammatory bowel disease. IL-15 
is a cytokine with wide cellular distribution in monocytes, 
epithelium, endothelium, fibroblasts, and muscle cells. 
It plays a role in T cell proliferation and activation, the 
production of  inflammatory cytokines in natural killer (NK) 
cells, and the migration of  both. It also plays a role in the 
proliferation and differentiation of  B cells. It is implicated 
in the pathogenesis and maintenance of  several chronic 
inflammatory diseases with immune activation[10].

 

Clinical Presentation 
As with adults, the clinical presentation of  IBD depends 
on the site and extent of  mucosal inflammation[5,11]. At the 
time of  presentation, 44%-49% of  children with UC have 
rectosigmoid disease, 36%-41% have left-sided disease, 
and 14%-37% have pancolitis[2]. In terms of  severity of  
illness, 50%-60% present with mild disease, 30% with 
moderate disease, and 19% with severe disease[4]. In 
children with CD, 50%-70% of  pediatric patients present 
with disease involving the terminal ileum with more 
than half  also having involvement of  the colon, usually 
the ascending portion. Ten to 20% of  children with CD 
have isolated colonic disease and 10%-15% have diffuse 
small bowel disease[2].

 

Gastroduodenal inflammation may 
be found in 30%-40% of  patients with CD, but isolated 
gastroduodenal disease is rare, less than 5%[4]. The most 
common presenting symptoms in UC include weight loss, 
rectal bleeding, diarrhea, and abdominal pain. (Table 1) 
CD may have an insidious onset with abdominal pain and 
weight loss which may contribute to a delay in diagnosis. 

If  chronic diarrhea or rectal bleeding are present, diagnosis 
may be more expeditious. Non-specific symptoms of  
anorexia, fatigue, delayed sexual maturation, and decreased 
linear growth may be present but not immediately noticed 
and if  noticed may not prompt a workup for IBD because 
of  their nonspecific nature. 

Extraintestinal manifestations are common in both 
adults and children with IBD, affecting 25%-35% of  
patients

 

(Table 2)[4]. However, in children, these may 
precede the onset of  gastrointestinal symptoms by 
years, whereas in adults these symptoms are usually 
concurrent with exacerbation of  disease[4,5]. Arthritis is 
the most common extraintestinal manifestation occurring 
in 7%-25% of  children with IBD[2,4]. Nephrolithiasis 
occurs in 5% of  children with IBD, erythema nodosum 
occurs in 3%, and pyoderma granulosum in < 1%. Other 
extraintestinal manifestations include ocular complications, 
hepatobiliary complications such as primary sclerosing 

Table 1  Frequency of presenting symptoms in IBD[2,12]

Symptom 	                                          CD (%) 	       UC (%) 

Abdominal pain        62-95        33-76       
Diarrhea 52-78 67-93
Weight loss 43-92 22-55
Hematochezia 14-60 52-97
Delayed growth 30-33    6 
Fever 11-48 4-34
Perianal disease   25    0
Extraintestinal manifestations 15-25 2-16

Table 2  Manifestations of IBD[2,4,5,12,13]

System	                                 Manifestation 

Generalized  Fever 
Weight loss 
Malaise 
Anorexia 
Fatigue 
Nausea/vomiting 

Ocular  Uveitis 
Episcleritis 
Iritis 
Conjunctivitis 

Oral Cheilitis 
Stomatitis 
Apthae 

Pulmonary Pulmonary vasculitis 
Fibrosing alveolitis 

Vascular Vasculitis 
Thrombosis 

Hepatobiliary Primary Sclerosing Cholangitis
Hepatitis 
Cholelithiasis 
Jaundice 

Pancreatic Pancreatitis 
Gastrointestinal Abdominal pain 

Nausea/vomiting 
Diarrhea 
Hematochezia 

Renal/Urinary Nephrolithiasis 
Obstructive hydronephrosis
Enterovesical fistula 
UTI 
Amyloidosis 

Hematologic Iron deficiency anemia 
Anemia of chronic disease
Thrombocytosis 
Vit B12 deficiency 
Autoimmune hemolytic anemia 

Endocrine Decreased growth velocity 
Delayed sexual maturation 

Integumentary Erythema nodosum 
Pyoderma gangrenosum 
Perianal disease 

Musculoskeletal Osteopenia and osteoporosis
Arthritis/Arthralgias 
Ankylosing  spondylitis 



cholangitis and choledocholithiasis, and pancreatitis[4]
. 

The differential diagnosis for IBD includes common 
causes of  abdominal pain which includes constipation, 
gastroesophageal reflux, and peptic ulcer disease. In a 
population of  children who are increasingly overweight, 
cholelithiasis must also be considered. Gynecologic causes 
of  abdominal pain, such as ovarian cysts and torsion, must 
be considered in females. Infectious causes of  abdominal 
pain including urinary tract infection, mesenteric adenitis, 
gastroenteritis, and appendicitis should also be included 
in the differential. Rectal bleeding can be seen with 
intussusception, infectious colitis, Meckel’s diverticulum, 
colonic polyposis syndromes, hemorrhoids, and anal 
fissures. Diarrhea may be seen with gastroenteritis or 
infectious colitis. It is important to remember, however, 
that when these symptoms occur together or in the 
setting of  weight loss, anorexia, growth failure, or other 
extraintestinal manifestations, the diagnosis of  IBD must 
be considered and ruled out. 

Diagnostic work-up 
History and physical exam are the initial steps in evaluating 
the patient with complaints suggestive of  IBD (Figure 1). 
Important historical information includes recent infections, 
antibiotics, and travel history. Family history with specific 
attention to IBD diagnosis or related symptoms must be 
obtained. Without a thorough growth history to determine 
height velocity, growth failure might not otherwise be 
detected. Physical exam would include height and weight 
and calculation of  the percentiles for each. Weight loss is 
present in 85% of  children with CD and 65% of  children 
with UC[2,4]. The abdominal exam may be normal or may 
demonstrate nonspecific tenderness. A mass in the right 
lower quadrant may be indicative of  CD. A rectal exam is 
important to check for fecal blood, to evaluate for fissures 
or hemorrhoids, and to evaluate the surrounding area for 
fistulas or other perianal disease frequently associated with 
CD. 

Laboratory evaluation is important to assess several 
aspects of  patient status. First, serum markers for IBD 
should be checked[14]. Anti-Saccharomyces cerevisiae antibody 
(ASCA) and perinuclear antineutrophil cytoplasmic 

antibody (pANCA) assays are highly disease-specific 
for CD and UC, respectively, and can assist clinicians in 
diagnosing and categorizing patients with IBD[11]. ASCA 
is associated with CD and if  IgG ASCA and IgA ASCA 
are both detected, this is 100% specific for CD[8,11]. Higher 
ASCA levels are independently associated with onset at 
an earlier age and with fibrostenosing disease[8]. Positive 
titers for pANCAs are associated with UC in 60%-80% 
of  cases[11]. Elevated titers can also be seen in left-sided or 
pan-colitis in children with CD[8,11]. When both tests are 
considered together, ASCA and pANCA have a specificity 
of  95% and positive predictive value of  96% for IBD[11]. 
A complete blood count (CBC), retic count, and sed 
rate should be checked to look for anemia and signs of  
acute or chronic inflammation. Albumin, pre-albumin, 
and transferrin should be checked as an assessment 
of  nutritional status. Finally, stool studies should be 
performed to evaluate for evidence of  malabsorption or 
infectious etiology. Cultures should evaluate for C. difficile, 
Salmonella, Shigella, E.coli (O157:H7), and Campylobacter. 

Diagnostic imaging can provide valuable information 
in a patient whose history or physical exam is concerning 
for IBD. Plain films are important in the acutely ill patient 
to look for complications such as obstruction, toxic 
megacolon, or perforation. In the non-acutely ill patient, 
contrast studies may be more beneficial in making a 
diagnosis. A barium enema (BE) can identify strictures 
and abnormal mucosa. It is useful to evaluate the colon 
and often the terminal ileum if  the contrast refluxes back 
through the ileocecal valve. An upper gastrointestinal 
(UGI) study with a small bowel follow through (SBFT) 
can evaluate the proximal gastrointestinal tract including 
small bowel which in the past has been difficult to assess. 
This study may show mucosal lesions, strictures, or fistulas. 
If  a bowel obstruction is present, the transition point may 
be identified. Standard enteroclysis is considered superior 
to SBFT but is more difficult to perform and may not 
be tolerated by some patients. A computed tomography 
(CT) scan is helpful in the diagnosis and management of  
patients presenting with acute onset of  symptoms or an 
exacerbation of  their disease. CT can assess both intestinal 
abnormality and extraluminal abnormalities such as abscess 
formation. Ulcerative colitis is associated with mural 

Figure 1  Diagnostic Evaluation for IBD in Pediatric Patients.
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thickening < 1.5 cm, no thickening of  the small bowel, 
increased perirectal and presacral fat, target appearance 
of  the rectum, and lymphadenopathy. Findings consistent 
with CD include mural thickening > 2 cm, involvement of  
the small bowel, mesenteric fat-stranding, perianal disease, 
abscesses, fistulas, and adenopathy[15].

 

MR enteroclysis is a 
new technique being evaluated as a method to evaluate the 
small bowel for CD, and initial reports are promising that 
it is very sensitive. Thickening of  the bowel wall, skipped 
lesions, stenotic areas, and fistulas have all been diagnosed 
with more sensitivity when compared to conventional 
SBFT. It has the added benefit of  minimal radiation 
exposure due to the need for fluoroscopy to place a 
nasoduodenal tube prior to the study[16]. 

Finally, bone density studies should be considered 
either to establish a baseline or, if  corticosteroid treatment 
is prolonged, to evaluate bone mineralization which can 
be altered in these children. It is important to interpret 
this study using bone age or height age as opposed to 
chronological age because using chronological age will 
lead to an overestimation of  the extent of  bone disease. 
Endoscopic evaluation is an essential tool in the workup 
of  IBD. UGI endoscopy looks at the esophagus, stomach, 
and duodenum. It is useful in identifying other possible 
sources of  fecal blood such as gastritis, duodenitis, or 
peptic ulcer disease. Using a push endoscopy technique, it 
may be possible extend visualization to 60-120 cm beyond 
the ligament of  Treitz to evaluate for small bowel CD[17]. 
Biopsies can be taken to establish or confirm the diagnosis. 
Colonoscopy is a standard part of  the workup for IBD. 
The advantage of  this procedure over contrast studies 

is the ability to obtain biopsies which can distinguish 
between UC and CD involving the colon.   

Biopsies taken during endoscopic evaluation help 
distinguish between CD and UC. There are several 
pathologic features which help distinguish between the 
two types of  inflammatory bowel disease when the colon 
is the primary site of  involvement. UC always involves 
the rectum and can extend proximally, whereas CD may 
involve any portion of  the colon including isolated right 
colon involvement or multiple segments with skip areas in 
between. The microscopic features of  UC include diffuse 
inflammation confined to the mucosa or submucosa. 
The microscopic features of  CD include transmural 
inflammation with fissuring ulcers, fistulas, granulomas, 
and vasculitis[18]. The endoscopic capsule has been shown 
in several studies to have a higher yield than either push 
endoscopy or enteroclysis when used to evaluate patients 
with small bowel CD. One such study evaluated two 
groups of  patients, those with the previous diagnosis of  
CD and those with no prior diagnosis. In both groups, 
the endoscopy capsule was more sensitive for small bowel 
pathology than either of  the other two techniques[17]. 
Problems with this technique include difficulty in 
swallowing the capsule and failure to pass the capsule. 

Medical Management 
The main goal of  medical management for IBD is to 
achieve clinical and histiologic remission by suppression 
of  inflammation with the least amount side effects 
from the medications. (Tables 3, 4) Good control of  

Table 3  Medications for IBD[4,12,19]

Class 	                       Generic (Trade) 	                                  Use 	                                                Side Effects 

Aminosalicylates Mesalamine (Asacol, Pentasa)
Sulfasalazine (Azulfadine)
Olsalazine (Dipentum)
Balsalazide (Colazal) 

May be used to induce remission in 
mild CD or UC 
May be used to maintain remission
in moderate CD or UC 

Headache 
Nausea 
Anorexia 
Leukopenia 
Diarrhea 

Corticosteroids Prednisone 
Budesonide 

Used for induction of remission in CD
and UC, not effective in maintenance
of remission 

Increased risk of infection 
Hypertension 
Weight gain 
Acne 
Hirsuitism 

Immunomodulators Azathioprine (Imuran, Azasan)
6-mercaptopurine (Purinethol) 

Used for maintenance of remission
in moderate to severe CD or UC 

Nausea/vomiting 
Diarrhea 
Pancreatitis 
Hepatitis 
Myelosuppression 

Methotrexate (Rheumatrex, Trexall) May be used to maintain remission in
moderate to severe CD or UC that does 
not respond to azathioprine or
6-mercaptopurine 

Myelosuppression 
Oral ulcers 
Hepatitis 

Cyclosporine (Neoral, Sandimmune) Has been used to induce and maintain
remission in refractory cases of UC

Renal toxicity 
Hypertension 
Gingival hyperplasia
Hirsuitism

Biologic Agents Infliximab (Remicade) May be used for refractory CD or 
steroid-dependent patients to induce 
and maintain remission

Infusion reaction (chest pain, Hyper- or 
hypotension, And shortness of breath)
Nausea 
Fever/Chills 
Hives 
Fatigue 
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the inflammatory process will decrease the likelihood 
of  needing surgical intervention. In addition, successful 
treatment should provide adequate nutritional support to 
promote normal growth and should attempt to minimize 
alteration in the physical and social functioning of  the 
child in order to maintain quality of  life[1]. For patients with 
CD, treatment is based on severity of  symptoms, which 
does not necessarily correlate with mucosal healing. CD 
is classified as mild to moderate, moderate to severe, and 
severe to fulminant. Mild to moderate disease is treated 
initially with either 5-aminosalicylic agents (sulfasalazine or 
mesalamine) or antibiotic therapy with metronidazole and 
ciprofloxacin[8,12,19]. Both regimens have been reasonably 
successful in inducing remission in mild disease in adults 
and children.   

For pat ients with moderate to severe disease, 
corticosteroids are effective in inducing remission and 
have been considered the standard for treatment[4,8,12,19]. 

Prednisone or methylprednisolone remain the first-line 
therapy in moderately to severely ill children with CD with 
up to a 90% rate of  improvement. The dose is 1-2 mg/kg 
per day prednisone equivalent (max 4060) for four to six 
weeks and then taper[4,8,19]. Although corticosteroids act 
rapidly to alleviate symptoms, they do not heal mucosal 
lesions and are of  no benefit for maintenance therapy[5]. 
Pitfalls to this treatment include corticosteroid-dependence 
(1/3-1/2 of  patients) and resistance (1/5 of  patients) 
and therefore, weaning as quickly as possible is important 
to avoid decreased linear growth and minimize potential 
bone loss[8,19]. Steroids should be avoided in children with 
profound growth retardation, especially in those who are 
already Tanner 2 or 3 and who have a limited window of  
growth remaining[4,8,19]. They should also be avoided in 
those patients with severe bone loss. 

In pat ients who have achieved remission with 
corticosteroids, immunomodulators, including azathioprine 
(AZA) and 6-mercaptopurine (6-MP), a metabolite of  
AZA, are helpful in maintaining remission[4,8,12,19]. Most 
pediatric gastroenterologists favor immunomodulators 
in children with CD as they are better at maintaining 
remission[8]. They may be initiated at diagnosis, post-
op, after a severe attack. They are also used to maintain 
remission when patients have become steroid-dependent, 
but they are not effective in inducing remission because 
of  their long onset of  action. They have been shown 
to reduce steroid dependence and resistance from 50% 
to 20% or less[8]. Adverse effects include hepatotoxicity, 
myelosuppression, pancreatitis, N/V, and allergic reactions, 
and these have been associated with an inherited inability 
to metabolize them. Patients heterozygous or homozygous 
for an alteration in the gene thiopurine methyltransferase 
(TPMT) have deficient TPMT activity and are at risk 
for marked elevations of  the active 6-thioguanine 
nucleotide metabolites and resultant severe leucopenia. 
Those patients with high TPMT activity can metabolize 
the drugs to inactive, but potentially hepatotoxic, 
6-methylmercaptopurine metabolites. A screening test is 
available to determine TPMT genotype and activity as well 
as thiopurine metabolism[8]. 

Methotrexate (MTX) is another immunomodulator 
used as an alternative therapy after treatment with the 

thiopurines (AZA and 6-MP) has proven suboptimal due 
to inability to maintain remission or patient intolerance 
to the medication[8]. Methotrexate is also used in patients 
who do not respond to corticosteroids for induction of  
remission as it has been shown to induce and maintain 
remission[4,8,12,19]. Side effects include nausea, vomiting, 
diarrhea, stomatitis, rash, arthralgias, leucopenia, and 
hepatotoxicity. The latter is the most treatment- limiting 
and requires monitoring of  serum aminotransferases and 
biopsy in patients with persistent elevations. There are also 
concerns of  teratogenicity in females of  child-bearing age[8]. 

Finally, biologic therapy in the form of  infliximab, 
a chimeric monoclonal antibody directed against tumor 
necrosis factor-a, has been used to treat moderate to 
severe disease in patients who do not respond to 5-ASA, 
antibiotics, steroids, or immunomodulators. It can be 
used as an alternative to prednisone to induce remission 
or as a first-line therapy in CD with severe, perianal, 
fistulizing disease or intolerance to corticosteroids[8,19]. 
Most of  the literature is on adults but has been used in 
children with good results. Approximately 30% of  patients 
do not respond to infliximab[5]. It is possible to develop 
antibodies to infliximab and thus decrease responsiveness. 
Concomitant therapy with immunomodulators may help 
maintain responsiveness[8]. It is generally well-tolerated 
by adults and children[4,8,19]. Side effects include flushing, 
rash, dyspnea, and headache and are typically seen at 
the time of  infusion. Other side effects include delayed 
hypersensitivity reactions, including joint pain/stiffness, 
muscle pain, fever, general malaise, a lupus-like syndrome, 
and opportunistic infections, including tuberculosis, 
histoplasmosis, and sepsis. Leukopenia has been seen as 
well as lymphoproliferative disorders[5]. 

Patients with UC may be classified as having mild, 
moderate, or severe disease. In UC, mucosal healing 
correlates well with clinical remission[4,19]. The accepted 
treatment of  mild to moderate UC is the 5-aminosalicylic 
acid agents, sulfasalazine and mesalamine. It is important 
to treat with appropriate dosing as underdosing is the 
most common cause of  treatment failure. In UC, it is 
also important to remember that topical treatment with 
enemas is very effective, often more effective than oral 
therapy[19]. In patients with moderate to severe disease 
who are refractory to the aminosalicylates, corticosteroid 
treatment can induce remission but has no role in 

Table 4  Medical management of IBD[4,12,19]

	         CD 	                                  UC 

Mild Aminosalicylates 
Antibiotics 

Aminosalicylates 

Moderate Corticosteroids→ 
Aminosalicylates  or 
AZA or 6-MP or 
Methotrexate 

Corticosteroids→ 
Aminosalicylates  or 
AZA or 6-MP or 
Methotrexate 

Severe Corticosteroids→ 
AZA or 
6-MP or Methotrexate or      
Infliximab 

Corticosteroids→ 
AZA or 
6-MP or Methotrexate or 
Cyclosporine 

All cases Nutritional support 
Monitor growth closely 

Nutritional support 
Monitor growth closely 
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maintaining remission[4,12,18]. The above side effects are 
still a concern, and the child should be tapered from 
corticosteroid therapy as soon as possible[4,19]. In patients 
with severe UC who fail to respond to corticosteroids, 
cyclosporine is an option for therapy[12,19]. This drug has 
a serious side effect profile, including renal insufficiency, 
hypertension, opportunistic infections, seizures, and 
electrolyte abnormalities[4,19]. Because of  the toxicity of  
cyclosporine, the patient’s history should be considered to 
assess whether surgery is a better option. 

The immunomodulators AZA, 6-MP, and MTX have 
been studied in refractory cases of  UC. They are not 
used to induce remission, but to maintain it[4,12,19]. Their 
side effects have been discussed above, and monitoring 
is required. As with the aminosalicylates, underdosing is 
frequently the cause of  failure of  therapy. 

Aggressive nutritional support can improve growth 
parameters in pediatric patients with IBD[8]. Special 
diets have been shown to help alleviate symptoms in 
CD, but not in UC. However, all children with IBD 
need appropriate nutritional assessment and support to 
minimize growth retardation due to malnutrition. During 
acute exacerbations of  IBD, parenteral nutrition may be 
necessary but has the associated disadvantages of  being 
more invasive and more expensive[3]. In addition, patients 
receiving parenteral nutrition are at risk of  complications 
from central venous access including infection and 
bleeding. Enteral nutrition is always preferable if  tolerated. 
Formulas with omega-3 fatty acids may be beneficial[3]. 
Special attention should be paid to caloric intake and 
vitamin and mineral supplementation. During active 
disease, increased metabolic demands may make it difficult 
to compensate for the added caloric requirements with 
oral intake alone. IBD patients are also at risk of  vitamin 
and mineral deficiencies, including iron, calcium, vitamin D, 
vitamin B12, and folic acid. Calcium supplements seem to 
be the best way to prevent bone disease. 

Surgical Management 
Surgical management of  CD is typically required for 
complications of  the disease. Indications include 
perforation/abscess, obstruction, stricture, fistula, toxic 
megacolon, or malignancy. Ultimately, greater than 50% of  
patients will require resection[20-22].

 

Surgical procedures are 
based on the location of  the disease and the complication. 
The surgeon must consider the state of  health of  the 
patient. Obstruction is the most common cause for 
surgery in patients with CD. Adhesions are divided 
carefully, and strictures are either resected or managed with 
a strictureplasty[21-23]. Given the high rate of  recurrence and 
reoperation, bowel conservation is extremely important 
to avoid the complications associated with short bowel 
syndrome and long-term dependence on parenteral 
nutrition. Strictures less than 10 cm in length can be 
addressed with a Heineke-Mikulicz strictureplasty. This 
is performed by incising the bowel lengthwise through 
the strictured area and closing the defect transversely. 
Longer strictures, 10-25 cm, may still be managed with 
strictureplasty using a Finney technique. Again, the bowel 
is opened in the longitudinal axis through the strictured 

area and a side-to-side anastamosis is performed. Strictures 
longer than 25 cm usually require resection. In pediatric 
patients with severe symptoms despite medical therapy or 
those with severe growth retardation, surgical resection 
of  the terminal ileum and cecum may be beneficial in 
providing a disease-free interval of  2-3 years. Primary 
anastomosis is usually safe in the above mentioned 
circumstances. However, more severe complications, 
including perforation, abscess, or toxic megacolon, may 
require a resection and ostomy formation. Complications 
after surgery for CD include wound infection, anastomotic 
leak, anastomotic stricture, fistula, recurrence of  disease, 
small bowel obstruction, and bleeding. 

Crohn’s disease is characterized by a chronic relapsing 
course. Recurrence of  symptomatic disease after surgery 
has been reported as 17% at 1 year, 38% at 3 years, and 
60% at 5 years. The disease typically recurs at the site of  
resection[20]. If  defined as the presence of  endoscopic 
abnormality, 1 year recurrence has been reported as high 
as 75%-93% of  patients[20]. Growth improved significantly 
in pediatric patients after surgery[21,24]. Although there is 
a high rate of  recurrence, any disease-free interval with 
decreased corticosteroid requirements may allow normal 
growth and sexual development. Risks and benefits 
must be clearly defined when determining the need for 
surgery[24]. There is some evidence to indicate that post-
op management of  CD patients with 6-MP can decrease 
rate of  recurrence (recurrence defined as endoscopically-
evident), but there is no standard of  therapy[20]. Infliximab 
has not been investigated in this setting. 

Ulcerative colitis may require surgery for emergent 
or elective indications. The former includes bleeding, 
toxic megacolon, and perforation. Indications for non-
emergent surgery include failure of  medical therapy, severe 
growth retardation, and dysplasia or malignancy. The 
rate of  colectomy is no higher in children than in adults, 
but children have a higher rate of  progression of  disease 
(65% for children vs 39% for adults)[4]. Unlike in CD, total 
proctocolectomy for UC is curative. The procedure used 
depends on the clinical status of  the patient but usually 
involves a total colectomy with or without a protective 
ileostomy. Creation of  a reservoir in the small bowel with a 
ileoanal anastomosis is the definitive procedure. Outcome 
parameters of  importance include number of  bowel 
movements per day, consistency of  the stool, requirement 
of  stool-regulating medicine, whether patients can 
discriminate between air and stool, emptying of  J-pouch, 
ability to defer defecation, leakage of  stool/soiling, and 
number of  episodes of  pouchitis[25]. Complications include 
wound infection, pouchitis, SBO, pelvic sepsis, bleeding, 
urinary complications, anastoamotic leak or stricture, 
soiling, mortality, and permanent stoma, which is reported 
as high as 30%[25]. 

Whether to perform proctocolectomies as a one-
stage or two-stage operation remains controversial. Many 
studies show that a total colectomy with J-pouch ileoanal 
anastomosis can be performed safely as a single-stage 
operation with the right patient selection and careful 
attention to signs of  complications[21,26,27]. The largest 
patient series is one of  150 patients with a IPAA without 
a protective ileostomy compared to 92 patients who 
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had IPAA with a protective ileostomy[26]. Results were 
compared, and a significantly lower complication rate was 
found in the one-stage procedure. However, the exclusion 
criteria for the one-stage procedure placed the patients 
with the highest risk of  complication in the two-stage 
procedure group[26]. 

Typical Course of Disease 
Crohn’s disease is unpredictable and is characterized 
by recurrent exacerbation of  symptoms. The spectrum 
of  disease includes patients that remain in remission, 
those that have recurrent periods of  disease followed by 
remission, and those that have continuous active disease[5,8]. 
Serum markers, including ASCA and pANCA, may help 
stratify patients into subgroups, which help predict natural 
history[9,28]. ASCA IgG and IgA is found in 100% of  CD 
patients with fibrostenosing disease, whereas pANCA 
was present in 86% of  CD patients with primary colonic 
involvement. At the time of  diagnosis with CD, 40.9% of  
patients had ileocolonic disease, 28.6% had disease limited 
to the small bowel and 30.4% had disease involving only 
the colon and perirectal area[5]. Patients with small bowel 
disease are more likely to have an obstructive pattern of  
disease characterized by fibrostenosis. Patients with colonic 
disease are more likely to have symptoms associated 
with bleeding and inflammation[5,8]. In general, surgery is 
for complications of  the disease, and three out of  four 
patients will ultimately require surgery. Complications of  
CD include abscesses, fistulas, strictures, and obstruction 
from adhesions, and pediatric patients have an even 
higher risk of  developing these complications[5]. They 
are addressed surgically, with the goal of  minimizing loss 
of  length of  bowel, since it is not a curative procedure. 
Removal of  the diseased segments is fol lowed by 
recurrence near the anastomosis. Endoscopic evidence 
of  recurrence is found in up to 93% of  patients at 1 year. 
However, a second operation is only required in 25%-38% 
of  patients at 5 years and 50%-70% of  patients at 15 years. 
Of  those requiring a second operation, 37% will require a 
third one[5]. 

There is an increased risk of  cancer in CD patients, 
including small bowel adenocarcinoma and colon cancer. 
The risk is especially high in those patients diagnosed 
prior to the age of  25 and in patients with a history 
of  pan-colitis. CD patients with small bowel disease 
are 50-100 times more likely to develop small bowel 
adenocarcinoma[4]. At the time of  diagnosis, most patients 
with UC have disease distal to the splenic flexure[2,5]. 
In general, clinical severity at the time of  presentation 
correlates with extent of  colonic involvement[2,5,11]. Most 
patients have a chronic, intermittent course of  disease 
recurrence. Approximately 15%-40% of  patients will 
ultimately require a colectomy, and this correlates with 
the extent of  involvement. Indications for surgery include 
failure of  medical therapy, growth retardation, and 
complications such as persistent hemorrhage, perforation, 
toxic megacolon, and the presence of  dysplasia or 
carcinoma[4,5]. Toxic megacolon occurs in 5% of  adult 
patients but is rare in children. It is a surgical emergency 
associated with risk of  perforation, sepsis, electrolyte 

abnormalities, and hemorrhage.
 

Frank perforation is more 
common in UC than in CD. It is usually associated with 
toxic megacolon and serious disease.  

The association between UC and colon cancer is well 
documented[5]. Risk appears to be related to extent of  
colonic disease, age at diagnosis, and length of  time since 
diagnosis with greater than 10 years being the threshold for 
identifying an increased risk of  cancer[5]. The overall annual 
incidence of  colon cancer in patients with UC of  longer 
than 10 years duration is approximately 1%[5]. Children 
who develop UC before the age of  14 have a colon cancer 
incidence rate of  5% at 20 years and 40% at 35 years[4]. It 
is estimated that the risk of  dying from colon cancer is 8% 
after 10 years from diagnosis[4]. The risk of  colon cancer 
in patients with Crohn’s colitis is 4-20 times that of  the 
general population. Overall, patients with UC do not have 
a significantly increased mortality rate when compared to 
the general population. However, those patients with CD 
do have an increased mortality. Their survival rate is 93.7% 
of  that in the general population at 15 years[5]. 

Problems Specific to Pediatric 
Patients 
Growth retardation was mentioned briefly earlier in this 
review but warrants further discussion. It may be present 
at the time of  diagnosis or occur as a result of  treatment[3]. 
Inadequate nutrition, chronic corticosteroid use, and 
decreased physical activity all play a role[3]. It is important 
obtain a complete growth history and follow growth 
parameters closely as growth failure may affect a patient’
s treatment plan. Height velocity is the most important 
parameter to diagnose impaired growth, with more than 
85% of  patients having impaired growth at the time of  
diagnosis with IBD[4]. Nutritional insufficiency is due 
primarily to inadequate intake either from anorexia or food 
fear related to the association of  food intake with pain[4]. 
Undernutrition delays skeletal and sexual maturation, 
with delays seen in epiphyseal fusion of  long bones and 
in progression through Tanner stages[4]. Corticosteroids 
may further complicate growth and maturity. Factors 
contributing to abnormal bone mineralization over-
production of  inflammatory cytokines with the resultant 
increase in bone resorption, malnutrition, sedentary life-
style, and corticosteroid use. Corticosteroids inhibit 
osteoblasts, impair intestinal absorption of  calcium, and 
antagonize growth hormone[3]. Diagnosis of  bone disease 
can be made with radiologic studies. A dual energy X-ray 
absorptiometry (DEXA) study is particularly useful. 
However, results should be interpreted using bone age or 
height age, not chronological age which overestimates the 
extent of  bone disease.  

In addition to the multitude of  medical problems faced 
by pediatric IBD patients, there are significant psychosocial 
stressors for these children. Emotional and behavioral 
issues are common and stem from the chronic nature 
of  the disease. Lifestyle changes can occur unexpectedly 
due to disease exacerbation. Anxiety, depression, and 
antisocial and dependent behavior are all common. 
Anxiety and depression may be related to concerns about 
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differences from other children and progression of  their 
illness such as relapse of  the disease or complications of  
disease requiring surgery or stoma formation[29]. Difficulty 
interacting with peers may result from school absenteeism 
and may be compounded by low self  esteem due to 
delayed growth and development[2,30]. Finally, guilt may be 
a large psychosocial stressor for the child. The financial 
strain of  a chronic illness, changes in parental work 
schedules, repeated physician visits, and sibling issues are 
problems for which a child with IBD may feel responsible. 
It is also important to remember the educational needs of  
children with IBD. Due to illness, attendance in school may 
suffer. If  not anticipated and addressed, this can cause the 
child to fall behind in school. All of  the above mentioned 
problems can be exacerbated if  the educational needs of  
the child with a chronic illness are overlooked[3,29,30]. 

Assessment of  a child’s adaptation to his or her disease 
is a component of  long-term care of  children with IBD. 
Several assessment tools exist with most models focused 
on evaluating social support, coping skills, effects on 
activities of  daily life, and body image[2,3,30,31]. These broad 
categories are used to assess quality of  life and have been 
shown to be affected by age, education, and gender[30,31]. 
Finally, the issue of  the transition of  care is inevitable for 
children with IBD. After dealing with a chronic illness 
for, in some cases, years, medical care is transferred to a 
different provider. The child has built a relationship with 
the pediatric gastroenterologist and they must change 
physicians, perhaps at a time when many other changes 
are taking place. Preparing adolescents with IBD for 
this transition takes time and planning. This transition 
can be facilitated by the pediatric gastroenterologist by 
gradually increasing the patient’s participation in, and 
responsibility for, his or her own care. Older adolescents 
should know their medications and be able to recognize 
signs of  exacerbation of  their disease. In addition, they 
should know the warning signs of  an emergency and be 
able to take appropriate steps to seek immediate treatment. 
There are several recommendations for the pediatric 
gastroenterologist to help make this a smooth transition 
of  care. These include: (1) preparing a detailed, up-to-date 
medical summary describing the course of  the disease, 
therapy, allergies, etc., (2) including copies of  relevant test 
results, and (3) identifying a skilled gastroenterologist who 
is aware of  the special needs of  the young adult patient 
who was diagnosed with IBD as a child[2]. The goal is for 
everyone involved to view this as a transition of  care rather 
than a transfer of  care. Maintaining open communication 
between the patient and the two physicians is critical for 
this to be successful. 

Future considerations 
The North American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN) has identified 
areas of  interest for future research. These include the 
role of  enteric microbial flora; the study of  dietary, 
nutritional, and environmental factors; the evaluation 
of  new therapies and their effects in early onset disease; 
and the development of  a North American Pediatric 
IBD database[3]. The Working Group of  the Second 
World Congress of  Pediatric Gastroenterology, which 

includes NASPGHAN, has set goals of  future research to 
include establishing the correlation between genotype and 
phenotype, the determining whether mucosal response in 
IBD differs between children and adults, understanding 
the role of  previous exposure to infections, and improving 
the dissemination of  knowledge regarding pediatric IBD[1].
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