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Abstrac t t 

Backgroun d d 

Inn children with inflammatory bowel disease (IBD), treatment depends on the 

typee and extent of disease. Therefore, maximal effort should be made to 

providee a correct diagnosis. Aim of this study was to assess the value of a 

histologicc diagnosis made on the basis of either ileal and colonic or 

rectosigmoidd biopsies. 

Method s s 

Inn 42 children with a known diagnosis of IBD, biopsies from rectum and sigmoid 

weree re-assessed by an expert, blinded pathologist. This histologic diagnosis 

wass compared to the diagnosis based on (ileo)colonic biopsies and to the final 

diagnosis. . 

Result s s 

Inn children with IBD, diagnostic accuracy of rectosigmoid histology was 0.4524. 

Forr (ileo)colonic biopsies, diagnostic accuracy was 0.7619. 

Conclusion s s 

Histologyy on biopsies from rectum and sigmoid is insufficient for a correct 

diagnosiss of Crohn's disease or ulcerative colitis in children. At initial 

presentation,, an ileocolonoscopy with biopsies should therefore be performed 

inn all children suspected of IBD. 
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Introductio n n 

Inn the diagnosis of chronic inflammatory bowel disease (IBD), endoscopy with 

histologyy plays a crucial role. Appropriate endoscopic and biopsy procedures 

aree therefore needed. In this article, the optimal sites for taking biopsies for 

histologyy in the diagnostic work-up of children, suspected of IBD, will be 

evaluated. . 

Ann obvious advantage of total colonoscopy is the opportunity to obtain biopsies 

fromm all segments of the colon, in order to assess extent and distribution 

patternn of the disease. Indications for additional ileoscopic biopsies are both 

suspicionn of isolated ileal Crohn's disease and differential diagnosis in patients 

withh pancolitis1,2. In adults with symptoms of distal colitis, rectosigmoidoscopy 

(withh biopsies) is a reliable initial test that may allow the physician to distinguish 

amongg acute self-limited colitis, ulcerative colitis and Crohn's disease3. In adult 

patientss suspected of ulcerative colitis, common practice shows that often only 

rectall biopsies are taken, while in suspected Crohn's disease, biopsies are 

obtainedd from all segments of the colon. 

Inn the old days, in young children, barium contrast studies and 

rectosigmoidoscopyy with biopsies have been considered the most useful 

techniquess for distinguishing ulcerative colitis from Crohn's disease. 

Colonoscopyy was thought to be both time-consuming and too uncomfortable for 

thee young patient. In the eighties, colonoscopy was only advised when a child 

suspectedd of IBD had an initially normal sigmoidoscopic examination, or when 

aa distinction between ulcerative colitis and Crohn's disease was not possible4"6. 

Nowadays,, the skills of paediatric gastroenterologists in performing 

ileocolonoscopyy are excellent, and the procedure is not as cumbersome for the 

youngg child as was expected, but rectosigmoidoscopy is still used in the first 

diagnosticc work-up7"8. Especially in children presenting with bloody diarrhoea, 

rectosigmoidoscopyy is often the initial diagnostic procedure of choice. 

Furthermore,, flexible rectosigmoidoscopy is easy to perform, requires only 

limitedd bowel preparation and is less painful. Although in pediatric patients, the 

proceduree of rectosigmoidoscopy may have marked advantages, it may not 
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proceduree of rectosigmoidoscopy may have marked advantages, it may not 

providee a proper diagnosis in all cases. Since ileocolonoscopy with biopsies 

mightt improve the accuracy of diagnosing IBD in children, this procedure might 

bee preferred despite the relative disadvantages for pediatric application. 

Aimm of this study was to compare, in children with untreated IBD, the histologic 

diagnosiss made solely on the basis of biopsies from rectum and sigmoid to the 

retrospectivee diagnosis based on all available biopsies (from (ileum and) and all 

segmentss of the colon) as well as to the final diagnosis that was based on 

clinicall features, radiology, (ileo)colonoscopy and complete histology. 

Method s s 

Fromm the charts of all outpatient IBD patients, data were extracted concerning 

initiall symptoms, diagnostic procedure, disease localisation and final diagnosis. 

Thee final diagnosis was based upon the histopathological, endoscopic, 

radiologicall and clinical features of the disease, as well as results of clinical 

follow-upp and/or repeat endoscopy. Presenting symptoms were labelled as 

Crohn's-likee (abdominal pain, anorexia, malaise, weight loss) or colitis-like 

(diarrhoea,, rectal blood loss). According to their diagnosis, patients were 

dividedd into three groups: Crohn's disease, ulcerative colitis or indeterminate 

colitis. . 

Fromm the cohort of children visiting our IBD outpatient clinic between 1990 and 

1998,, the patients that had a full colonoscopy (with or without ileal biopsies) at 

firstfirst presentation were selected for the study. Of the archived biopsy material, 

onlyy biopsies from rectum and sigmoid were blindly reviewed by an expert 

pathologistt (FJW ten K). 

Thee material was classified as described by Chong9, with some modifications, 

intoo six possible categories: 
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DefiniteDefinite Crohn's disease 

Presencee of granuloma(s) with features of colitis characterised by 

discontinuouss distribution pattern of inflammatory activity, submucosal 

extension,, intact mucus secretion, granulomatous pericryptitis, aphthous 

erosions. . 

ProbableProbable Crohn's disease 

Featuress of colitis as described above, but without granulomas. 

DefiniteDefinite ulcerative colitis 

Diffusee mucosal inflammation with cryptdistorsion, cryptabscess formation and 

goblett cell depletion in several biopsies. 

ProbableProbable ulcerative colitis 

Diffusee mucosal inflammation with crypt distortion, mucosal atrophy or goblet 

celll depletion or diffuse acute and chronic inflammation with increased 

vascularity. . 

IndeterminateIndeterminate (non-specific) colitis 

Chronicc active inflammation without specific features of either CD or UC. 

NolBD NolBD 

Noo histologic features of chronic IBD. 

Thee results of this review were compared to the histopathological diagnosis, 

basedd on multiple biopsies taken at the time of the (ileo)colonoscopy and to the 

finall diagnosis. The initial histopathological diagnosis was extracted from the 

chartss of the patients. 
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Result s s 

Betweenn 1990 and 1998, 73 pediatric IBD patients were diagnosed and/or 

treatedd in our outpatient IBD clinic. Patients who had undergone either no 

endoscopyy (n=2) or rectosigmoidoscopy (n=14) at first presentation were 

excludedd from the histologic re-assessment study. From 15 patients, initially 

diagnosedd in other institutions, we could not obtain biopsy slides. Biopsy 

materiall was available for re-evaluation in 42 of 57 children who had either 

ileocolonoscopyy or colonoscopy performed at first presentation (before 

treatment).. Demographics of the study patients are shown in Table 1. 

Thee results of histologic re-assessment of rectosigmoid biopsies, taken during 

initiall colonoscopy (n=19) or ileocolonoscopy (n=23), as well as the 

histopathologicall diagnosis based on all biopsies, are shown for patients with 

Crohn'ss disease, ulcerative colitis and indeterminate colitis in Figures 1A, 1B 

andd 1C, respectively. For statistical calculations, the results are also presented 

inn Table 2 and 3. Tables 2 and 3 compare histology results to the final 

diagnosiss and therefore show how often a correct or incorrect diagnosis was 

madee on the basis of rectosigmoid (Table 2) and (ileo)colonic (Table 3) 

biopsies. . 

Alll 42 patients had a final diagnosis of IBD, but the histology of rectosigmoid 

biopsiess showed abnormalities in only 32 patients. In the other 10 patients, the 

rectosigmoidd biopsies showed no histologic abnormalities suggestive of IBD 

(Tablee 4). As all study patients were known to have IBD, statistics on the total 

groupp could not be performed. 

Inn all 42 patients, (ileo)colonic biopsies demonstrated histologic abnormalities. 
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Tablee 1. Demographics of study population of IBD patients (n=42) 

Finall diagnosis 

Number r 

Sex(M/F) ) 

Agee at onset of symptoms 

Mean(years) ) 

Range e 

Durationn of disease until diagnosis 

Mean(months) ) 

Range e 

Initiall symptoms, number (%) 

Crohn's-like e 

Colitis-like e 

Localisationn of disease, number (%) 

Crohn' ss  disease : 

Ileum m 

Ileocecal l 

Ileocolitis s 

Colitis s 

Ulcerative/indeterminat ee colitis : 

Rectum m 

Leftt colon 

Pancolitis s 

Initiall procedure, number (%) 

lleocolonoscopy y 

Colonoscopy y 

CD D 

21 1 

11/10 0 

11.5 5 

5.7-17 7 

16.1 1 

0.9-129.7 7 

14(66) ) 

77 (34) 

3(14) ) 

8(38) ) 

4(19) ) 

6(29) ) 

11(52) ) 

10(48) ) 

UC C 

13 3 

6/7 7 

9.0 0 

1.4-14.4 4 

7.5 5 

0.9-20.4 4 

11 (8) 

12(92) ) 

1(8) ) 

6(46) ) 

6(46) ) 

8(62) ) 

5(38) ) 

IC C 

8 8 

3/5 5 

8.8 8 

1.8-14.4 4 

8.7 7 

0.9-27.2 2 

11 (12) 

77 (88) 

1(12) ) 

3(38) ) 

4(50) ) 

4(50) ) 

4(50) ) 

Total l 

42 2 

20/22 2 

10.3 3 

1.3-17 7 

12 2 

0.9-129.7 7 

16(38) ) 

266 (62) 

(pan)colitis s 

inn all IBD: 

6+6+4= = 

16(38) ) 

233 (55) 

19(45) ) 



40 0 
Histologyy 1.1 

PatientsPatients with a final diagnosis of Crohn's disease 

Off the 21 Crohn's disease patients, 10 had colonoscopy and 11 had 

/'/eocolonoscopyy at initial presentation. Figure 1A shows the results of a blinded 

histologicc interpretation of the rectosigmoid biopsies of these patients. A 

histologicc diagnosis of definite or probable Crohn's disease was made in 12 

(57%)) of the 21 patients, while definite or probable CD was diagnosed in 20 of 

211 patients (95%), when histologic diagnosis was based on (ileo)colonic 

biopsies.. In one patient, histology on rectosigmoid biopsies was suggestive of 

ulcerativee colitis (probable UC). In 2 of the 21 CD patients (9.5%), a histologic 

classificationn could not be made on the basis of rectosigmoid biopsies, while in 

66 patients (28%), a diagnosis of IBD could not be made at all. 

Figur ee 1 A. Histologic diagnosis from rectosigmoid biopsies, 
comparedd to a diagnosis based on all biopsies from 
(ileo)colonoscopyy in CD patients. 

Crohn' ss  disease : histolog y (n=21) 

14 4 
12 2 
10 0 
88 n i i 

pCD D 

w w 
M i i 
dC C 

 rectosigmoid 
mm biopsies 

DD (ileo)colonic 
^=gg | biopsies 

DD pUC dUC IC no 
IBD D 

IBD,, inflammatory bowel disease; pCD, probable Crohn's disease; dCD, definite Crohn's 
disease;; pUC, probable ulcerative colitis; dUC, definite ulcerative colitis; IC, indeterminate 
colitis. . 
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PatientsPatients with a final diagnosis of ulcerative colitis 

Inn the group of 13 ulcerative colitis patients, 5 had colonoscopy and 8 

ileocolonoscopy.. Figure 1B shows the results of a blinded histologic 

interpretationn of the rectosigmoid biopsies of these patients. In 7 of 13 patients 

(57%),, biopsies from ileocolonoscopy (n=4) or colonoscopy (n=3), indeed 

showedd definite or probable ulcerative colitis. The other patients are 

histologicallyy classified (when assessing (ileo)colonic biopsies) as 

indeterminatee colitis (IC) (n=5, 38%) or probable Crohn's disease (n=1). 

Lookingg at rectosigmoid histology however, a classification of IBD could not be 

madee in 8 of the 13 (62%) patients, thus categorised as IC. Rectosigmoid 

biopsiess showed probably CD in 2, probable or definite UC in 2, and in one 

patientt with UC, biopsies from rectum and sigmoid failed to show any feature 

off chronic inflammatory bowel disease. 

Figur ee 1B. Histologic diagnosis from rectosigmoid biopsies, 
comparedd to a diagnosis based on all biopsies from 
(ileo)colonoscopyy UC patients. 

Ulcerativee colitis: histology (n=13) 

 rectosigmoid 
biopsies s 

DD (ileo)colonic 
biopsies s 

pCDD dCD pUC dUC IC no 
IBD D 
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PatientsPatients with a "final" diagnosis of indeterminate type colitis 

Inn 8 of the 42 patients (19%), the type of chronic colitis could not be classified 

despitee endoscopy, histology, radiology or clinical follow-up. These patients 

hadd a "final" diagnosis of indeterminate colitis. Figure 1C shows the results of a 

blindedd histologic interpretation of the rectosigmoid biopsies of these patients. 

Off these 8 patients, blinded interpretation of rectosigmoid biopsies showed 

indeterminatee colitis in 5, while (ileo)colonic biopsies at the time of 

presentationn had also yielded histologic diagnosis of indeterminate colitis in 5 

patients.. In 3 of the 8 patients with a "final" diagnosis of IC, biopsies from 

rectumm and sigmoid failed to show any feature of chronic inflammatory bowel 

disease. . 

Onn the basis of the rectosigmoid biopsies of all 42 patients, a histopathological 

diagnosiss of indeterminate colitis was made in 15 patients (36%). Multiple 

biopsiess (ileocolonoscopy n=5, and colonoscopy n=6) demonstrated 

indeterminatee type colitis in 11 (26%) patients. 

Figur ee 1C. Histologic diagnosis from rectosigmoid biopsies, 
comparedd to a diagnosis based on all biopsies from 
(ileo)colonoscopyy in IC patients. 

5 5 

4 4 

3 3 

2 2 

1 1 

0 0 

Indeterminatee colitis: histology (n=8) 

n n 1 1 
nn i 11 1 

pCDD dCD pUC dUC IC 

biopsies s 
DD (ileo)colonic 

biopsies s 

no o 
IBD D 
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RectosigmoidRectosigmoid biopsies showing "no IBD" 

Inn Table 4, all patients with "no IBD" on re-assessment of rectosigmoid 

biopsiess are listed. This table shows the 10 patients whose biopsies from 

rectumm and sigmoid did not show any feature of chronic inflammatory bowel 

disease.. All patients seemed to have rectal sparing of disease on initial 

endoscopyy as well. The final diagnosis was Crohn's disease in 6 (of 10) 

patients,, all of them showing features of either probable or definite Crohn's 

diseasee in biopsies from ileum and colon. An abnormal enteroclysis was seen 

att diagnosis in 5 of those 6 patients with Crohn's disease. 

Tablee 2 and 3 present the above results in a way that permits calculation of 

diagnosticc accuracy. For a correct diagnosis of IBD in children, histology of 

rectosigmoidd biopsies has an accuracy of 0.4524; in histology of (ileo)colonic 

biopsiess it is 0.7619. 
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Tablee 2. Histology of rectosigmoi d biopsies in the diagnosis of IBD 

Histologyy of 

rectosigmoidd biopsies 

(p)CD,, (p)UC. or fC 

Noo IBD 

(p)CD D 

Nott  (p)CD 

(p)UC C 

Nott  <p)UC 

IC C 

NotI C C 

CD,, UC or 

32 2 

10 0 

CD D 

12 2 

21 1 

UC C 

2 2 

22 2 

IC C 

5 5 

13 3 

Finall diagnosis 

IC C Noo IBD 

0 0 

0 0 

Nott  CD 

2 2 

7 7 

NotU C C 

1 1 

17 7 

NotI C C 

10 0 

14 4 

AA result of {p)CD means that rectosigmoid biopsies showed either Crohn's disease or probable 
CD.. A result of "no (p)CD" means that the histology demonstrated either ulcerative colitis, 
indeterminatee colitis or no IBD. 

AA final diagnosis of CD means the patient was known (from symptoms, endoscopy, complete 
histology,, radiology and follow-up) to have Crohn's disease. 

AA final diagnosis of "not CD" means the patient had IBD, but either UC or IC. For example, 
rectosigmoidd biopsies showed Crohn's disease correctly in 12 patients, but incorrectly in 2, who 
hadd a final diagnosis of "not CD" (meaning either UC or IC). Conversely, in 21 patients 
rectosigmoidd histology showed "no (p)CD" (meaning either (p)UC, IC or no IBD), while these 
patientss were known to have a final diagnosis of Crohn's disease. 

Inn 7 patients, neither rectosigmoid histology nor final diagnosis showed Crohn's disease. 
Diagnosticc accuracy (= (True Positive + True Negative) / Total) is 0.4524 for the rectosigmoid 
histology. . 
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Tablee 3. Histology of (ileo)coloni c biopsies in the diagnosis of !BD 

Histologyy of 

(tleo)colonicc biopsies 

(p)CD,, (p)UC, or 

NolB D D 

(p)CD D 

Nott  (p)CD 

(p)UC C 

Nott  (p)UC 

IC C 

NotI C C 

IC C 

CD,, UC or 

32 2 

0 0 

CD D 

20 0 

8 8 

UC C 

7 7 

7 7 

IC C 

5 5 

5 5 

Final l 

IC C 

diagnosis s 

NolB D D 

10 0 

0 0 

Nott  CD 

2 2 

12 2 

NotU C C 

3 3 

25 5 

NotI C C 

5 5 

27 7 

Ass in Table 2, a result of no (p)CD means that (ileo)colonic biopsies did not show signs of 
Crohn'ss disease or probable Crohn's disease, but either UC, IC or no IBD. 
Diagnosticc accuracy (= (True Positive + True Negative) / Total) is 0.7619 for the 
(ileo)colonicc histology. 

Discussio n n 

Inn this study we show that in patients with a final diagnosis of Crohn's disease, 

ass well as in patients with ulcerative colitis or indeterminate colitis, 

histopathologyy from multiple colonic biopsies yielded a more accurate 

diagnosiss of inflammatory bowel disease than histopathology from rectum and 

sigmoidd biopsies only. The numbers of diagnostic accuracy seem 

straightforward:: accuracy of multiple (ileo)colonic biopsy histology is 0.7619 

andd in rectosigmoid biopsy histology it is only 0.4524. It must be emphasized 

howeverr that all patients were known to have inflammatory bowel disease, and 

aa selection bias is therefore present. 
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Tablee 4. "No IBD" on reassessment of rectosigmoid biopsies 

Patient t 
(sex,, age, type of Disease Histo Dx Histo Dx Final 
presentation,, extent, rectosig* (ileo)colob Dxc 

andd initial work-up and localisation 
M,, 11.4 yr., Ileocecal No IBD CD CD 
Crohn's-like,, C + E 

F,, 8.8 yr., 
colitis-like,, I 

M,, 13.7 yr, 
Crohn's-like,, I + E 

F,12.8yr, , 
colitis-like,, C + E 

F,, 12.8 yr, 
colitis-like,, I 

Leftt colon 

Cecum m 

Ileocecal l 

Pancolitis s 

M,, 8.9 yr, Ileocecal 
Crohn's-like,, I + E 

F,, 14.8 yr, Ileocecal 
Crohn's-like,, I + E 

F,, 12.3 yr, Ileocolitis 
Crohn's-like,, C + E 

Noo IBD UC 

Noo IBD IC 

IC C 

IC C 

Noo IBD pCD CD 

Noo IBD IC 

Noo IBD dCD 

UC C 

CD D 

M,, 2.9 yr, Pancolitis 
colitis-like,, I 
F,, 13.3 yr, Ileocolitis 
Crohn's-like,, C + E 

Noo IBD 

Noo IBD 

pCD D 

dCD D 

IC C 

CD D 

Noo IBD pCD 

Noo IBD dCD 

CD D 

CD D 

Remarkss on work-up, 
histology,, radiology, follow-up 

Firstt C: ileum not reached, 
colonn normal; H: granulomas 
inn colon, normal rectum; 
E:: stenosis in Tl 

Firstt and only I: mild distal 
colitis,, less activity in rectum; 
E:: normal 

I:: normal; H: suggestive of IBD 
colitis,, but normal rectum; 
E:: normal 

C:: normal; H: probable CD 
colitis,, rectal sparing; 
E:: Tl abnormal 

Elevatedd liver enzymes at 
presentation;; ERCP: 
sclerosingg cholangitis; 
I:: mild colitis, not in rectum; 
H:: mild colitis, not in rectum 

I:: almost normal: ileum 
follicularr hyperplasia, normal 
colon;; H: granulomas in 
ileumm and colon, normal 
rectum;; E: normal. 

II + H: ileitis, pancolitis, rectal 
sparing g 
Firstt and only C: ileum not 
reached;; severe right-sided 
colitis;; H: granulomas in 
colon,, but rectal sparing; 
E:: Tl abnormal 
Firstt and only I: ileocecal 
valvee stenotic, normal colon; 
H:: granulomatous ileitis, 
normall colon and rectum; 
E:: Tl abnormal, stenosis 

C:: ileum not reached; severe 
pancolitis,, rectal sparing; 
H:: granulomas in colon, 
rectall sparing; E: Tl abnormal 

aHistoo Dx rectosig: histopathological diagnosis after reassessment of biopsies from rectum and 
sigmoidd (taken at (ileo)colonoscopy); bHisto Dx (ileo)colo: histopathological diagnosis based on 
multiplee biopsies taken at (ileo)colonoscopy; cFinal Dx: based upon the histopathological, 
endoscopic,, radiological and clinical features of the disease, as well as results of clinical follow 
upp and/or repeat endoscopy; 

C,, colonoscopy; I, ileocolonoscopy; E, enteroclysis; H, histology; Tl, terminal ileum. 



47 7 
Rectosigmoidd biopsies 

Thee numbers can be used for comparison of the two tests in this patient group, 

butt some care must be taken when extrapolating the results to a group of 

patientss suspected of IBD. In 95% of patients with Crohn's disease with colonic 

ass well as ileal biopsies available, a diagnosis of {definite or probable) Crohn's 

diseasee could be made on the basis of histology alone. This finding can mostly 

bee explained by the fact that the results of histology, especially if conclusive, 

onn a complete set of biopsies weigh heavily in the final diagnosis. 

Ourr results demonstrate that histologic evaluation of rectosigmoidal biopsies in 

childrenn with a first presentation of inflammatory bowel disease might lead to 

ann incorrect diagnosis in three ways. Firstly, indeterminate colitis may be over-

diagnosed:: our data show that colitis could not be classified in twice as many 

patientss when biopsies were limited to the rectum and sigmoid area, as 

comparedd to when (ileo)colonic biopsies were taken. In ulcerative colitis, the 

majorr disadvantage of a rectosigmoidoscopy with limited biopsies seems to be 

thee fact that it does not permit a histologic classification of IBD in 62% of the 

patients.. Secondly, if rectal sparing is present, as is demonstrated in both 

patientss with Crohn's disease and ulcerative colitis at initial presentation10, 

neitherr histology nor endoscopy of the rectum would have confirmed a 

diagnosiss of IBD initially. In a quarter of our patient cohort, rectal sparing was 

seen.. In Crohn's disease, the incidence of rectal sparing is an important 

argumentt against rectosigmoidoscopy with limited biopsies. Finally, rectal 

histologyy may be suggestive of ulcerative colitis (by absence of focality in the 

sparsee biopsies), while the patient has Crohn's disease, as our data show in 1 

off the 21 CD patients. Reversibly, rectal histology may be suggestive of 

Crohn'ss disease (by absence of goblet cell depletion or signs of discontinuity), 

whilee the patient has ulcerative colitis, as we have shown in 2 of the 13 UC 

patients.. In these cases, initial treatment would have been different if only 

rectosigmoidoscopyy had been performed. 

Inn both children and adults, clinical distinction between Crohn's disease and 

ulcerativee colitis may be difficult, since endoscopical features and pathological 

changess may show a considerable overlap for Crohn's disease and ulcerative 

colitis.. Especially in children with inflammatory bowel disease, this diagnostic 
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problemm is encountered as children tend to present with pancolitis more often 

thann adults11"14. With regard to pediatric ulcerative colitis, pancolitis is found 

mostt often while disease localised only to the left colon and to the rectum 

occurss much less frequently (57%, 22 % and 21%, respectively)11. In Crohn's 

disease,, the majority of children (50% to 70%) has disease involving the 

terminall ileum, but more than half of these patients also have colonic 

inflammation,, usually the ascending colon12. In contrast, adults with CD have 

colitiss in 25%13, and adult UC patients present with pancolitis in 20% at initial 

presentation14. . 

Ann accurate diagnostic procedure for pediatric IBD is important since: 

1.. 20% to 30% of adult IBD patients have their first presentation at a paediatric 

orr adolescent age15. 

2.. The different distribution patterns at the time of initial diagnosis in children 

givee rise to different treatment regimens. Patients with small bowel 

involvementt are known to be more responsive to prednisone, while this 

responsee is less in case of colonic involvement16. In distal ulcerative colitis, 

topicall treatment may be sufficient while in localized (ileocecal) Crohn's 

disease,, surgery may be a primary option. 

3.. In children, the initial treatment of CD is not similar to treatment of UC . 

Nutritionall treatment is becoming the initial treatment of first choice in 

pediatricc Crohn's disease17'19, whereas initial drug treatment with 

sulfasalazinee or mesalazine and corticosteroids (if necessary) is advised in 

childrenn with ulcerative colitis. 

Histologicc features like distribution pattern of the inflammation are of 

importancee to distinguish Crohn's disease from ulcerative colitis. Distribution 

andd focality provide an additional dimension that can only be achieved by 

assessingg multiple biopsies from the ileum and all segments of the colon. Our 

dataa show that the site of biopsies for histology is of key importance in the 

diagnosiss of inflammatory bowel disease. On the other hand, the results also 

demonstratee that histology is often helpful, but probably not the most important 

tooll in differentiating Crohn's disease from ulcerative colitis. For example, even 
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aa full set of biopsies will still yield a histologic diagnosis of indeterminate colitis 

inn 10 of 42 patients (24%), and a definite histologic diagnosis of ulcerative 

colitiss could only be made in 3 of 13 patients (23%) with proven UC. 

Thee clinical distinction between "Crohn's-like" symptoms or "colitis-like" 

symptomss does not seem to be of much use, as colitis is present in more than 

halff of the patients with Crohn's disease. When a full colonoscopy is done, 

radiologicall investigation does not seem to be of additional value for the 

diagnosiss of IBD, nor for distinction between Crohn's disease and ulcerative 

colitis.. The integration of clinical, endoscopic and histologic features will lead to 

aa differentiation (if possible) between Crohn's disease and ulcerative colitis in 

adultss and children. 

Wee have demonstrated that biopsies from rectum and sigmoid do not provide 

ann accurate diagnosis in many of the children. Only multiple biopsies obtained 

fromm terminal ileum and all segments of the colon will provide the correct 

diagnosiss of either Crohn's disease or ulcerative colitis in children. In order to 

improvee diagnostic efficacy, ileocolonoscopy with multiple biopsies, instead of 

rectosigmoidoscopyy should therefore be the investigation of first choice in all 

childrenn with suspected chronic inflammatory bowel disease. 
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Abstrac t t 

Backgroun d d 

Recentt studies in adults with active Crohn's disease have demonstrated that 

infliximab,, a monoclononal anti-tumor necrosis factor antibody, induces healing 

att both endoscopic and histological levels. Endoscopic and histological 

remissionn may be a more important treatment result than clinical remission in 

Crohn'ss disease. The aim of this study was to assess the effects of infliximab 

onn mucosal inflammation in children with refractory Crohn's disease. 

Patient ss and method s 

Endoscopicc and histological response to infliximab was investigated in a 

multicenterr randomized controlled trial of 21 children with refractory Crohn's 

disease. . 

Thee patients underwent colonoscopy both before and 4 weeks after a single 

infusionn of 1, 5, or 10 mg/kg of infliximab. Clinical disease activity was 

evaluatedd using the Crohn's Disease Activity Index (CDAI) and Pediatric CDAI 

(PCDAI).. In 7 of 21 children (mean age 15 yrs) endoscopic biopsies were 

obtainedd at both timepoints. Endoscopic appearance was evaluated by visual 

analogg score; histologic changes were scored by a blinded expert pathologist. 

Result s s 

Clinicall remission (PCDAI < 10) was achieved at 4 weeks following infliximab 

infusionn in 83% of the 21 children. In the group of 7 patients who underwent 

endoscopicc biopsies, the mean endoscopy score had improved significantly 4 

weekss after the infliximab infusion, accompanied by a clear reduction of 

histologicall inflammatory changes. Correlation between clinical effect, 

endoscopicc changes and histologic improvement was poor. 

Conclusio n n 

Inn children with active refractory Crohn's disease, infliximab induces clinical 

remissionn as well as endoscopic and histologic healing. 
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Introductio n n 

Endoscopyy and histology are of key importance in the diagnosis of 

inflammatoryy bowel disease (IBD) in children112, although they are rarely used 

inn the assessment of disease activity during the course of any treatment. It is 

generallyy known that inflammatory bowel disease may be in remission clinically 

inn the absence of endoscopic or mucosal healing. In fact, in children with IBD, 

clinicall and endoscopic remission do not correlate very well, as was 

demonstratedd in a pediatric trial of mesalazine and prednisolone in children 

withh active ulcerative colitis3. The study showed complete remission of clinical 

diseasee activity by 8 weeks in 85% of patients and complete endoscopic 

remissionn in 40%, but histological remission in only 15% of the patients. 

Nutritionall therapy has been shown to induce endoscopic and histological 

mucosall healing in children with Crohn's disease45, with evidence of a 

reductionn of interleukin-2, interferon y and TNFoc production by mucosal cells5"7. 

Glucocorticosteroidd treatment in adults with Crohn's disease has failed to 

demonstratee endoscopic healing8'9, whereas enteral nutrition, methotrexate, 

azathioprinee and infliximab can induce mucosal healing10"13. Infliximab, a 

chimericc anti-tumor necrosis factor (TNF) antibody, has been shown to induce 

aa dramatic clinical response that is accompanied by a significant endoscopic 

improvementt and a decrease in histological disease activity in adults with 

activee refractory Crohn's disease12'14. Several open label studies in children 

havee evaluated the clinical response but not the endoscopic and histologic 

changess that may occur after a single infusion of infliximab15116. Mucosal 

healingg may be a more realistic treatment goal in children (with predominantly 

inflammatoryy disease) than in adults, who tend to have more stricturizing or 

fibrosingg disease. The aim of this study was to assess the effects of infliximab 

onn mucosal inflammation, assessed by endoscopy and histology, in children 

withh refractory Crohn's disease. 
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Patient ss and Method s 

Patients s 

211 children (age 11-17 yr.) with active refractory Crohn's disease participated in 

aa multicenter randomized trial investigating the pharmacokinetic profile of a 

singlee infusion of infliximab {1,5 or 10 mg/kg)17. Patients were eligible to 

participatee in the trial if they had a diagnosis of Crohn's disease at least 6 

monthss prior to the study, and had active disease despite conventional 

treatmentt (with corticosteroids, azathioprine, 6-mercaptopurine, cyclosporine, 

methotrexate,, or tacrolimus). Active disease was defined as a CDAI > 200 or a 

PCDAII of > 30, indicating moderate to severe disease. For the purpose of the 

presentt study, all patients and parents were asked to give written and verbal 

informedd consent to colonoscopy (with biopsies) prior to infliximab treatment, 

andd at 4 weeks after the infusion. This substudy was approved by the Ethics 

Committeess and Institutional Review Board at all participating centers in 

Europee and the United States. 

Treatment t 

Forr the purpose of the pharmacokinetic trial, double-blind randomization for 

treatmentt dose was performed. The patients were treated with a single dose of 

infliximabb (Remicade®, Centocor Inc, Malvern, PA, USA), in an intravenous 

dosee of 1, 5, or 10 mg/kg. The infusion was delivered over at least 2 hours. All 

concomitantt medications were kept stable during the first 4 weeks after the 

infliximabb infusion. 

Clinicall disease activity 

Clinicall disease activity was measured as Pediatric CDAI (PCDAI)18 and 

modifiedd CDAI19 during the pre-treatment visit and at 4 weeks after infusion. 

Bothh indices include the preceding week's clinical symptoms (abdominal pain, 

stooll pattern, general well being), a physical examination, and laboratory 

parameters.. In addition, the PCDAI includes linear growth. A PCDAI score 

beloww 10 represents disease in remission, 10-30 is mild disease, and a score 
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higherr than 30 means reflects moderate to severe disease. The CDAI ranges 

fromm 0 to approximately 600 (very severe). 

Endoscopyy score 

Att each site, the investigator performing the endoscopy scored the overall 

severityy of mucosal lesions by means of a visual analog score (VAS), ranging 

fromm 0 (normal) to 10 (severe inflammation with deep ulcerations). In all cases, 

thee same endoscopist assessed lesion severity at the two time points. 

Histologyy score 

Multiplee biopsy specimens were taken from the vicinity of the most prominent 

lesionss or ulcerations in the ileum, colon and/or rectum. The site of biopsy 

collectionn was recorded. Biopsy specimens were routinely processed and 

stainedd with H&E. Only pairs of biopsy sets, taken from the same location at 

bothh time points, were used for the assessment of histological response. A 

single,, blinded gastrointestinal pathologist scored all pairs of biopsy specimens 

inn random order (F. ten K.). A histological scoring system for mucosal biopsy 

specimenss from ileal and colonic Crohn's disease was used, as described by 

d'Haenss et al.20. This score included active inflammatory changes (infiltration of 

mononuclearr cells, polymorphonuclear cells, and presence of erosions and/or 

ulcers),, presence of granuloma(s), chronic architectural changes, and the 

extentt of inflammation (proportion of biopsy specimens affected). The score 

rangedd from 0 (no abnormalities) to 16 (severe active inflammatory and chronic 

architecturall changes in all specimens of the set). 

Statisticall analysis 

Clinicall index scores (PCDAI and CDAI) before, and 4 weeks after infliximab 

weree analyzed using a two tailed t-test, as were the visual analog score data 

fromm the endoscopic examinations. Results of histological scores of pre- and 

post-treatmentt biopsy sets were compared using the Wilcoxon signed rank test 

forr non-parametric statistics. For possible correlations between PCDAI, CDAI, 
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endoscopyy score and histology score, Pearson's correlation coefficient r was 

calculated.. P-values less than 0.05 were considered significant. 

Result s s 

Ninee patients agreed to pre-treatment colonoscopy, 7 of which consented to the 

follow-upp endoscopy 4 weeks after the infusion. The patients (3 male, 4 female) 

agedd from 12 to 17 years (mean 15 yr.). Disease characteristics such as the 

extentt of small and large bowel involvement, disease duration, concomitant 

treatment,, and presence of perianal fistulae are shown in Table 1. Treatment 

dosee was 1 mg/kg in 2 patients, 5 mg/kg in 2 patients, and 10 mg/kg infliximab 

inn 3 patients. 

Tablee 1. Disease characteristics of study patients (n=7) 

Diseas ee duration ; years, mean (range) 

Locatio nn of disease ; number of patients 

ileumm only 

colonn only 

ileumm and colon 

gastroduodenum m 

Periana ll  fistul a present ; number of patients 

Concomitan tt  medication ; number of patients 

aminosalicylicc acid 

antibiotics s 

orall prednisone 

rectall corticosteroids 

azathioprinee or 6-MP 

methotrexate e 

4.1(1.2-5.8) ) 

0 0 

5 5 

2 2 

1 1 

2 2 

7 7 

4 4 

6 6 

3 3 

4 4 

1 1 
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Clinicall response 

Inn the total study population, 83% of the patients had achieved clinical 

remissionn (defined as a PCDAI < 10) at the 4 week follow-up visit. The efficacy 

resultss of this pharmacokinetic trial are described elsewhere17. In the subgroup 

off 7 patients undergoing endoscopy, mean PCDAI ) was 45 ) before 

treatment,, decreasing to 30 ) at 4 weeks (p=0.01). 

Meann CDAI ) pre-treatment was 373 , and ) after 4 weeks 

(p=0.001).. One patient was in clinical remission after 4 weeks. 

Endoscopyy and Histology 

Evaluationn of the endoscopic lesion severity showed a mean VAS ) before 

treatmentt of 8 , and a score of 3.5 ) after 4 weeks (p=0.0076). 

Thee total number of biopsies during the pre-treatment colonoscopy ranged from 

44 to 17 (mean 9.5) per patient, and from 2 to 14 (mean 5.5) during the repeat 

examinationn after 4 weeks. At the most severely affected locations, a set of 1-3 

biopsiess was taken. For each patient, a pair of biopsy sets was used for the 

finall analysis. Biopsies were obtained from the left colon (in 2 patients), sigmoid 

(inn 4 patients), or rectum (1 patient). The median histology score (95% CI) 

beforee treatment was 12 (8-14), and 6 (0-13) 4 weeks after infliximab infusion 

(p=0.09).. Within the total histology score, reduction of the acute 

(polymorphonuclear)) and chronic (mononuclear) inflammatory infiltrate was 

remarkable,, although architectural abnormalities remained unchanged in most 

off the biopsies. The histology of initial and follow-up rectal biopsy specimens 

fromm one of the patients is shown in Figure 1. 
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Figur ee 1. Rectal biopsy specimens before (A) and 4 weeks after (B) infliximab. 

H&EE staining (original magnification 125x) of rectal biopsies obtained before (A) and 4 weeks 
afterr (B) infusion of infliximab. 
A;; Biopsy slide with a total histology score of 12 points: focal epithelial changes (1), no 
architecturall changes (0), severe increase of mononuclear cells (2) and polymorphonuclear 
cellss (2) in lamina propria, crypt abscess (3), erosion or ulcer (1), all present in this and the 2 
otherr biopsies taken at this location (3); 
B;; Epithelium with no inflammatory changes: histology score of 0 points. 

Inn Figure 2, clinical activity scores, endoscopy score and histology score are 

givenn for each patient at pre-treatment baseline and at 4 weeks. Moderate 

correlationss were found for PCDAI and endoscopy score (r 0.60, p=0.03), and 

forr CDAI and endoscopy score (r 0.68, p=0.018). Correlation between 

histologicall score with any of the clinical indices or with the endoscopy score 

wass poor: histology-PCDAI r 0.14, p=0.64; histology-CDAI r 0.16, p=0.60; 

histology-endoscopyy rO.14, p=0.63. 
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Figur ee 2. Clinical disease activity scores (PCDAI and CDAI), 
endoscopyy score and histologic score before and 4 weeks 
afterr infusion of infliximab. 
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Eachh graph represents disease activity scores in the 7 patients that were treated with a single 
dosee of 1 mg/kg infliximab (n=2), 5 mg/kg (n=2), or 10 mg/kg (n=3). 

A.. Mean PCDAI decreased from 45 (before) to 30 (4 weeks after infusion) (p=0.01) 
B.. B. Mean CDAI from 373 to 247 (p=0.001); 
C.. C. Mean endoscopy score from 8 to 3.5 (p=0.0076); 
D.. D. Median histology score from 12 to 6 (p=0.09). 



62 2 
Histologyy 1.2 

Discussio n n 

Medicall treatment of Crohn's disease is primarily aimed at achieving clinical 

remission,, as defined by a Crohn's disease activity index (CDAI)19 below 150 

pointss for adults or a Pediatric CDAI (PCDAI)18 below 10 for children. 

Thee present study is the first to demonstrate that infliximab can induce 

significantt mucosal healing, accompanied by healing at a histological level in 

childrenn with refractory Crohn's disease. In concordance with its rapid clinical 

effect,, the healing induced by infliximab was seen as soon as 4 weeks. In 

contrast,, the changes in inflammatory histology induced by azathioprine 

occurredd only after 1 year of treatment21, whereas the healing effect of enteral 

nutritionn has been demonstrated after 8 weeks46. 

Onee of the problems encountered when assessing disease activity at a 

histologicall level is the patchy nature of Crohn's disease. The segmental 

distributionn of lesions is well recognized during endoscopy, and will be mentally 

integratedd by the endoscopist in the visual analog score of endoscopic activity. 

However,, biopsies for histology are usually obtained from the most inflamed 

areas,, both before and after treatment. This may minimize the observed 

differcc nee in histology activity score, and therefore may not be representative of 

thee overall disease improvement. We may have reduced this bias by using the 

histologyy score as designed by d'Haens et al. In this score, the overall 

histologicall activity is calculated on the basis of multiple biopsies from one 

region,, taking into account the proportion of biopsies that are affected20. 

However,, in order to correctly assess histological healing, one should biopsy 

thee exact same site at both timepoints, which is not feasible. Another problem 

withh histological scoring of disease activity is the absence of a clear definition of 

histologicall remission. Using the histology score designed by d'Haens20, a 

scoree of 3 or less (of a maximum of 16) seems appropriate, taking into account 

thatt some architectural abnormalities will remain present in most biopsies, even 

afterr successful treatment. 

Itt has been suggested that healing of the mucosa, rather than clinical recovery, 

iss essential for good disease prognosis22. Endoscopic or histological remission 
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howeverr does not correlate very well with clinical remission, and therefore 

thesee criteria are rarely used as efficacy endpoints in clinical trials of treaiment 

inn Crohn's disease. In our opinion, this discrepancy should favor the use of 

endoscopicc and histological endpoints, instead of leading to their avoidance. 

Presently,, we do not know the clinical significance of mucosal (endoscopic or 

histological)) healing. One hypothesis is that mucosal healing may be 

accomplishedd more easily in children with new-onset disease. One preliminary 

studyy has shown that duration of response is indeed longer in children with 

new-onsett disease, as compared to children with longstanding Crohn's 

disease15.. Another hypothesis is that clinical remission will last longer once 

histologicall remission is achieved. The last hypothesis is supported by a recent 

studyy in adult patients with Crohn's disease receiving infliximab treatment, that 

showedd a significant correlation between time to relapse and Crohn's Disease 

Endoscopicc Index of Severity (CDEIS)23. It has also been suggested that 

histologicall healing may prevent cancer in ulcerative colitis22. Taken together, 

histologicall disease activity provides an important outcome variable that to date 

hass been used insufficiently in clinical trials. The question of whether careful 

assessmentt of histology during or after any drug treatment will help in the 

managementt of Crohn's disease in children is unclear. 

Inn order to further elucidate the mechanism of a downregulating effect of anti-

TNFa,, more extensive histological and immunohistochemical studies are 

neededd in children with new-onset Crohn's disease and following treatment of 

longerr duration. 



64 4 
Histologyy 1.2 

Reference s s 

1.. Grand RJ, Ramakrishna J, Calenda KA. Inflammatory bowel disease in the pediatric 

patient.. Gastroenterol.Clin.North Am. 1995;24:613-32. 

2.. Escher JC, ten Kate F, Lichtenbelt K, Schornagel I, Buller H, Derkx B etal. Value of 

rectosigmoidoscopyy with biopsies for diagnosis of inflammatory bowel disease in 

children.. Inflamm.Bowel.Dis 2002;8:16-22. 

3.. Beattie RM, Nicholls SW, Domizio P, Williams CB, Walker-Smith JA. Endoscopic 

assessmentt of the colonic response to corticosteroids in children with ulcerative colitis. 

J.Pediatr.Gastroenterol.Nutr.. 1996;22:373-79. 

4.. Beattie RM, Schiffrin EJ, Donnet-Hughes A, Huggett AC, Domizio P, MacDonald TT etal. 

Polymericc nutrition as the primary therapy in children with small bowel Crohn's disease. 

Aliment.Pharmacol.Ther.. 1994;8:609-15. 

5.. Fell JM, Paintin M, Arnaud-Battancfier F, Beattie RM, Hollis A, Kitching P etal. Mucosal 

healingg and a fall in mucosal pro-inflammatory cytokine mRNA induced by a specific oral 

polymericc diet in paediatric Crohn's disease. Aliment.Pharmacol.Ther. 2000;14:281-89. 

6.. Breese EJ, Michie CA, Nicholls SW, Murch SH, Williams CB, Domizio P etal. Tumor 

necrosiss factor alpha-producing cells in the intestinal mucosa of children with 

inflammatoryy bowel disease. Gastroenterology 1994;106:1455-66. 

7.. Breese EJ, Michie CA, Nicholls SW, Williams CB, Domizio P, Walker-Smith JA et al. The 

effectt of treatment on lymphokine-secreting cells in the intestinal mucosa of children with 

Crohn'ss disease. Aliment.Pharmacol.Ther. 1995;9:547-52. 

8.. Modigliani R, Mary JY, Simon JF, Cortot A, Soule JC, Gendre JP et al. Clinical, 

biological,, and endoscopic picture of attacks of Crohn's disease. Evolution on 

prednisolone.. Groupe d'Etude Therapeutique des Affections Inflammatoires Digestives. 

Gastroenterologyy 1990;98:811-18. 

9.. Olaison G, Sjodahl R, Tagesson C. Glucocorticoid treatment in ileal Crohn's disease: 

relieff of symptoms but not of endoscopically viewed inflammation. Gut 1990;31:325-28. 

10.. Rigaud D, Cosnes J, Le Quintrec Y, Rene E, Gendre JP, Mignon M. Controlled trial 

comparingg two types of enteral nutrition in treatment of active Crohn's disease: elemental 

versuss polymeric diet. Gut 1991;32:1492-97. 



65 5 
Infliximabb and mucosal healing 

11.. Kozarek RA, Patterson DJ, Gelfand MD, Botoman VA, Ball TJ, Wilske KR. Methotrexate 

inducess clinical and histologic remission in patients with refractory inflammatory bowel 

disease.. Ann.Intern.Med. 1989;110:353-56. 

12.. D'Haens GR, Van Deventer S, Van Hogezand R, Chalmers D, Kothe C, Baert F et al. 

Endoscopicc and histological healing with infliximab anti-tumor necrosis factor antibodies 

inn Crohn's disease: A European multicenter trial. Gastroenterology 1999; 116:1029-34. 

13.. van Dullemen HM, Van Deventer SJ, Hommes DW, Bijl HA, Jansen J, Tytgat GN era/. 

Treatmentt of Crohn's disease with anti-tumor necrosis factor chimeric monoclonal 

antibodyy (cA2). Gastroenterology 1995;109:129-35. 

14.. Baert F, D'Haens GR, Peeters M, Hiele Ml, Schaible T, Shealy D etal. Tumor necrosis 

factorr alpha antibody (infliximab) therapy profoundly down-regulates the inflammation in 

Crohn'ss ileocolitis. Gastroenterology 1999;116:22-28. 

15.. Kugathasan S, Werlin SL, Martinez A, Rivera MT, Heikenen JB, Binion DG. Prolonged 

durationn of response to infliximab in early but not late pediatric Crohn's disease. 

Amm J Gastroenterol. 2000;95:3189-94. 

16.. Hyams JS, Markowitz J, Wyllie R. Use of infliximab in the treatment of Crohn's disease in 

childrenn and adolescents. J.Pediatr. 2000;137:192-96. 

17.. Baldassano R, Vasiliauskas E, Braegger CP, Escher JC, Sinaasappel M et al. A 

multicenterr study of infliximab (anti-TNFalfa antibody) in the treatment of children with 

activee Crohn's disease. Abstract. Gastroenterology 1999;116:A:665. 

18.. Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort PM, Kirschner BS etal. 

Developmentt and validation of a pediatric Crohn's disease activity index. 

JJ Pediatr.Gastroenterol.Nutr 1991;12:439-47. 

19.. Best WR, Becktel JM, Singleton JW, Kern F, Jr. Development of a Crohn's disease 

activityy index. Gastroenterology 1976;70:439-44. 

20.. D'Haens GR, Geboes K, Peeters M, Baert F, Penninckx F, Rutgeerts P. Early lesions of 

recurrentt Crohn's disease caused by infusion of intestinal contents in excluded ileum. 

Gastroenterologyy 1998; 114:262-67. 

21.. Walker-Smith JA. Mucosal healing in Crohn's disease. 

Gastroenterologyy 1998;114:419-20. 



66 6 
Histologyy 1.2 

22.. D'Haens GR, Geboes K, Rutgeerts P. Endoscopic and histologic healing of 

Crohn'ss (ileo-)colitis with azathioprine. Gastrointest Endosc. 1999;50:671. 


