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Abstract: Crohn’s disease (CD) is a progressive, multifactorial, immune-mediated disease
characterized by chronic inflammation of any part of the gastrointestinal (GI) tract. Pediatric
patients present with a more extensive form of the disease, especially in the upper GI tract with
various histopathological inflammatory patterns. Our study aims to analyze the endoscopic and
histopathological findings in children with diagnosed CD and compare results on the initial and
follow-up tests. We have included 100 children and adolescents with CD, with performed
endoscopic and histopathological (HP) procedures. The results of multiple biopsies performed in
these 8 years were matched and compared. We found a statistically significant decrease in stool
changes, weight loss, and abdominal pain as presenting symptoms, and in the fecal calprotectin
levels. On esophagogastroduodenoscopy and ileo-colonoscopy 36.59% and 64.86% patients had
specific findings, respectively. Non-caseating granulomas were found on 9% of oesophageal, 18%
of gastric, and 12% of duodenal biopsies. In the lower GI tract, we have observed a disease
progression in the rectum and descending colon between the first and second biopsies. Our study
showed that more than a third of patients had specific endoscopic (36.59%) and histopathologic
(32%) findings in the upper GI tract, and an additional 23% had HP findings highly suggestive of
CD. We demonstrated the importance of regular endoscopic and histopathological assessments of
pediatric CD patients.

Keywords: Crohn’s; granuloma; endoscopy; esophagogastroduodenoscopy; colonoscopy;
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1. Introduction

Crohn’s disease (CD) is a progressive, multifactorial, immune-mediated disease characterized
by chronic inflammation in any part of the gastrointestinal (GI) tract [1-3]. It is thought to occur due
to an altered immune response to unknown environmental factors in a genetically predisposed
person, with a peak age of onset between 15 and 30 years of age [3-5]. The incidence of pediatric-
onset CD is rising globally and varies geographically with a recorded incidence in Europe of 0.2-23
per 100,000 people [5-7]. Pediatric patients present with a more extensive form of the disease,
accompanied by non-specific gastrointestinal symptoms and weight loss, causing a concerning delay
in the linear growth of immature children [2,5]. The risk of having a disabling condition 5 years after
diagnosis is higher in pediatric patients, and associated with psychosocial effects of living with a
chronic incurable disease [1,6]. The diagnosis of CD is complex and depends upon the combination
of clinical signs and symptoms, serologic (fecal calprotectin, C-reactive protein, and others), and
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endoscopic and histopathological data. These same parameters are used in disease monitoring, as
multiple grading scores are developed but not yet part of a standardized practice, especially in
pediatric patients [2,3,8]. Although it can arise anywhere from the mouth to the anus, a great
proportion of children have the burden of active disease in the upper gastrointestinal tract with
various inflammatory patterns on endoscopy and histopathology (HP) [5]. According to standard
criteria, an esophagogastroduodenoscopy (EGDS) with biopsy obtainment is performed in all
children at initial evaluation, in addition to the ileo-colonoscopy. On HP analysis, chronic
inflammation with non-caseating granulomas is a characteristic feature to define CD. Still, other
findings can be highly suggestive of the presence of this condition, such as focally enhanced gastritis
and lymphocytic oesophagitis [9]. Standardized histological grading systems have not yet been
developed for pediatric CD [10]. Upon the completion of the assessment of disease severity and
activity, a prediction of progression can be made, and aid in the choice of personalized therapy for
every individual patient [1].

Our study aims to analyze the endoscopic and histopathological findings in children diagnosed
with Crohn’s disease and compare the results of the initial and follow-up examinations.

2. Materials and Methods

Our retrospective study included 100 children and adolescents with Crohn’s disease treated at
the University Children’s Hospital in Belgrade, Serbia, in the period between January 2016 and
December 2023, where the EGDS and ileo-colonoscopy with biopsy was performed. The
histopathological sample was analyzed at the Institute of Pathology “Prof. dr Porde Joannovic”,
Faculty of Medicine, University of Belgrade. During this period, 68 patients were diagnosed with
Crohn’s disease for the first time and 32 patients had already been diagnosed in the past and had a
follow-up biopsy. A total of 45 patients had two biopsies during these 8 years, and their endoscopic
and HP results were matched and compared. From the medical documentation, patient
demographics (age at diagnosis, first and second biopsies, and gender), duration of symptoms before
hospitalization, treatment modality, and laboratory values (fecal calprotectin and C-reactive protein)
were collected. Four symptoms were recorded during the evaluation: stool changes (frequent bowel
movements or diarrhea), abdominal pain, anemia, and weight loss. We described the findings of
upper endoscopy and ileo-colonoscopy and classified them as specific (which included either of the
following: cobblestone-like mucosa, aphthous lesions, mucosal ulcers, erosions and strictures), non-
specific (edema, hyperemia), and normal. In patients with specific upper endoscopic changes, we
noted their localization (oesophagus, stomach, and duodenum). At the time of endoscopy, the biopsy
set consisted of samples taken from the oesophagus, stomach, duodenum, terminal ileum, cecum,
ascending colon, transverse colon, descending colon, sigmoid colon, and rectum. The slides were
stained with hematoxylin and eosin [H&E] and evaluated by a pathology specialist. The HP findings
were further classified appropriately, with an emphasis on those that were specific (chronic
inflammation with non-caseous granulomas) and highly suggestive of CD (focally enhanced gastritis
and lymphocytic oesophagitis). Regarding biopsies taken during ileo-colonoscopy, we noted whether
signs of CD were detected and their localization and consequently classified the findings into 3
categories (ileocecal, colorectal, and CD of the entire lower GI tract). We also noted the Global
Histologic Disease Activity Score (GHAS) for the terminal ileum and colon, which was scored
independently by a pathology specialist. It consisted of 8 items, scored individually for the terminal
ileum and colon. The score range was from 0, which indicated no disease activity, to 14, which
represented severe disease activity. Furthermore, a value of <4 implied mild, 5-9 moderate, and >10
severe disease activity. Statistical analysis was performed in EZR (R package version 0.1.4). We have
compared nominal variables using the Chi-squared (j2) test for independent, and Mc Nemar’s test
for dependent variables, and the results were represented as medians and 1st-3rd quartiles.
Numerical valuables were evaluated using Wilcoxon’s test and represented as mean values with
standard deviation. Statistical significance was set at p<0.05.

3. Results
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The median age of patients was 13 years and 8 months at the time of diagnosis, 14 years at the
time of the first analyzed biopsy, and 15 years and 7 months on the second biopsy. Five of our patients
can be classified into the very early onset inflammatory bowel disease (VEO-IBD) category, i.e.,
patients diagnosed before the age of 6. The male-to-female ratio was 1.68 (62 boys and 38 girls). The
median duration of symptoms before diagnosis was 5 weeks (0.2-60 weeks). The most frequent
presenting symptoms were stool changes (65.52%), followed by abdominal pain (41.86%), weight loss
(35.23%), and anemia (11.49%). We compared the frequencies of symptoms in time of the first and
second biopsy obtention which are shown in Figure 1. A statistically significant decrease in
anamnestic data regarding stool changes (p<0.001), weight loss (p<0.001), and abdominal pain
(p<0.001) was observed.
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Figure 1. Signs and symptoms on the first and second patient visits.

Immunosuppressive therapy was the most common drug modality (54) of our patients, followed
by immunotherapies that included either infliximab or adalimumab (44) and corticosteroids (27). A
smaller proportion of patients were treated with other types of medications (anti-inflammatories: 12,
proton pump inhibitors: 10, antibiotics: 14 patients).

At the time of the first visit, 58/60 patients had elevated fecal calprotectin levels. The value of
this parameter decreased significantly between the first (median 1000 pg/g) and the second
examination (298.9 ug/g) (Wilcoxon’s test, p<0.001). The mean value of the first C-reactive protein
(CRP) was 44.89+47.2 mg/L (median 25 mg/L) and the second was 32.45+44.22 mg/L (median 15.1
mg/L) with no statistical difference.

We compared endoscopic findings at the upper and lower endoscopy in patients with CD. On
EGDS, 32 (36.59%) patients had specific, 20 (24.39%) had non-specific findings, and 30 (36.59%) were
normal. Of patients who had specific findings, 50% were in the stomach, 28.57% in the duodenum,
and 21.43% in the oesophagus. On colonoscopy, 48 (64.86%) patients had specific, 16 (21.62%) had
non-specific findings and 10 (13.51%) were normal. We have compared and presented the
simultaneous findings on both endoscopies (y>=9.1, p=0.059) in Table 1. Nineteen patients had specific
changes on both colonoscopy and EGDS. Typical endoscopic findings suggestive of CD in the
proximal GI tract are shown in Figure 2.
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Table 1. Comparison of macroscopic findings on esophagogastroduodenoscopy (EGDS) and ileo-

colonoscopy.
Ileo-colonoscopy
Normal Non-specific Specific
Normal 3 9 12
Non-specific 4 4 10
EGDS Specific 1 2 19

Figure 2. Typical endoscopic features of CD in different localizations: CD oesophagitis (A, B), CD
gastritis (C, D), and CD duodenitis (E, F).

We further analyzed the histopathological profile of each biopsy. The diagnosis of CD was noted
with the presence of chronic inflammation with non-caseous granulomas. A total of 31 patients had
characteristic signs of CD in the first biopsy taken from the upper GI tract: 13 in the stomach, 5 in the
oesophagus, 6 in the duodenum, 2 in the oesophagus and duodenum, 2 in the stomach and
oesophagus, and 3 in the stomach and duodenum. Highly suggestive findings alone had 23 patients
(17 focally enhanced gastritis and 6 lymphocytic oesophagitis) (Figure 3).
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Figure 3. Granulomatous inflammation in CD in the oesophageal (A: HE, 40x), gastric (B: HE, 100x),
and duodenal (C: HE, 200x) mucosa. Focally enhanced gastritis is highly suggestive of CD (D: HE,
400x).

The pathohistological findings of the first gastric biopsy are presented in Figure 4. Signs of CD
were found in 18 patients (18%) and a normal gastric wall had 30 (30%). Focally enhanced gastritis
(FEG) had 25 patients, active chronic gastritis (ACG) 5, inactive chronic gastritis (ICG) 18, and an
elevated number of eosinophils in the gastric mucosa (EoG) 2 of our patients.
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Figure 4. Histopathological findings on gastric biopsies obtained by esophagogastroduodenoscopy.
*CD (Crohn’s disease); *FEG (focally enhanced gastritis); *ACG (active chronic gastritis); *ICG
(inactive chronic gastritis); * EoG (elevated number of eosinophils in the gastric mucosa).

On the second gastric biopsy, 1 (2.22%) patient had signs of CD, 22 (48.89%) had normal findings,
8 (17.78%) FEG, 13 (28.89%) ICG and 1 (2.22%) EoG. There was no statistically significant difference
between the first and second biopsies (Mc Nemar’s test, p=0.178).
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Specific signs of CD were found in 9 (9%) oesophageal and 12 (12%) duodenal biopsies. A normal
biopsy had 52 patients in their oesophagus and 37 in the duodenum. In the oesophagus, signs of
gastroesophageal reflux disease were seen in 11 patients, lymphocytic esophagitis in 6, and
eosinophilic oesophagitis in 2 patients. Chronic duodenitis was recorded in 48 and an elevated
number of eosinophils in the duodenal mucosa in 1 patient. In twenty patients a biopsy of the
oesophagus was not obtained and in 2 of the duodenum (Figure 5). No significant changes were
observed between the first and second biopsies in the oesophagus or duodenum.
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Figure 5. Histopathological findings of the first and second oesophageal and duodenal biopsies. *CD
(Chron’s disease); *GERD (gastroesophageal reflux disease); *EoE (eosinophilic oesophagitis); *LyE
(Iymphocytic oesophagitis)*EoD (elevated number of eosinophils in the duodenal mucosa).

In Figure 6 we have compared the findings between the first and second biopsy results for each
segment of the lower GI tract and found that the signs of CD were significantly increased in the
second biopsy in the descending colon (p=0.02) and rectum (p=0.035). On the first biopsy, 73.49% of
patients had signs of CD in the descending colon and 72.29% in the rectum. On the second biopsy,
80% of patients developed signs of CD in the descending colon and 82.22% in the rectum. We have
further grouped the findings into: only ileocecal, only colorectal, and those with signs of CD
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throughout the entire lower GI (pancolitis). Within these three groups, no statistical differences
between the first and second biopsies were found (Mc Nemar’s test, ileocecal p=0.257, colorectal
p=0.317, pancolitis p=0.166). Of the patients diagnosed for the first time with CD, 68% had specific
findings in the entire lower GI tract.
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Figure 6. Presence of histopathological findings of CD in the terminal ileum and each colonic segment
on the first, second, and third patient visit.

The median value of the GHAS for the terminal ileum was 3 (0-14) and for the colon was 7 (0-
13). In the terminal ileum 13 (28.89%) patients had a GHAS of 0, 12 (26.67%) <4, 14 (31.11%) from 5 to
9, and 6 (13.33%) 210. In the colon 1 (1.72%) patient had a GHAS of 0, 21 (36.21%) <4, 25 (43.1%) from
5t09, and 11 (18.96%) >10.

4. Discussion

Inflammatory bowel disease (IBD) can occur at any age, but almost a third of patients are
diagnosed in the period of childhood or adolescence. The diagnosis of this condition in children is
different from the adult forms, as they are often diagnosed before the development of disease
complications [2,6]. In our study, the median age of diagnosis was 13 years and 8 months, and the
disease was more frequent in males (62%), both characteristics consistent with older-onset IBD in
children [10]. The duration of signs and symptoms before diagnosis was 5 weeks (to a maximum of
5 months) which is less than in a Swiss IBD cohort which found the diagnostic delay of an average of
3 months in pediatric patients [11]. The dissimilarities in presentation in CD are one of the reasons
for this diagnostic delay, but most commonly involves non-specific gastrointestinal symptoms such
as abdominal pain, diarrhea, nausea, vomiting, or hematochezia [2,4]. Our study showed that stool
changes were the most common presenting symptoms (65.52%) and that they, along with abdominal
pain and weight loss, significantly subsided at the time of a follow-up visit. Weight loss is a
particularly concerning clinical sign because it can lead to a defect in linear growth, which is seen in
CD in up to 40% of pediatric patients. This is because of the effects of chronic gastrointestinal
inflammation accompanied by malabsorption, increased metabolic demand, poor oral intake, and the
adverse effects of corticosteroid and immunosuppressant therapy. Along with clinical signs,
laboratory values are used for aiding the diagnosis of CD, but even so, up to 20% of children have
normal marker levels [2]. Fecal calprotectin, a cytosolic protein released by neutrophils, is a stool
marker of intestinal inflammation used for the assessment of disease activity and progression and is
a screening and exclusion tool for suspected IBD patients when values exceed 50-100 ug/g and <40
ug/g, respectively [12,13]. In our study, at the index visit 58 out of 60 patients had elevated values of
fecal calprotectin, with a median value of 1000 pg/g which significantly declined in time of the second
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visit (298.9 ug/g), similar to other studies [3]. CRP, an acute-phase protein, is frequently elevated in
pediatric patients and has also been shown to aid in the diagnosis and prognosis of CD because it
correlates well with the degree of the inflammatory process seen in this condition [1,14]. In our study,
only 19 patients had the information on CRP values in the medical reports, and the average value
was 44.89+47.2 mg/L, which shows great variability but is similar to other studies [3]. The median
value declined between the first and second patient visits (from 25 to 15.1 mg/L), however this was
not statistically significant. Although both fecal calprotectin and CRP are used in the evaluation of
CD, they are not specific and do not correlate well with small-bowel CD which should be mentioned
[1]. For small bowel CD a magnetic resonance enterography is used [2]. The treatment of CD depends
on the extent and severity of the disease [1]. The main therapeutic goal in pediatric CD is achieving
and maintaining clinical remission of the disease, as well as reaching mucosal healing, decreasing
symptom occurrence, improving life quality, and preventing linear growth defects while keeping the
adverse drug effects to a minimum [4]. The most common drug regimen used in our patients was
immunosuppressants (azathioprine or methotrexate), which is a common first-line therapy choice
used for induction and maintenance of CD remission. Methotrexate is an anti-folate agent while
azathioprine is a purine analogue [7]. Inmunotherapy was the second most prevalent treatment, i.e.,
Infliximab and Adalimumab (chimeric monoclonal IgG antibodies to TNFa, a prominent
gastrointestinal pro-inflammatory cytokine) both approved for use in pediatric patients with
excellent success rates [4]. We will also mention that 5-ASA compounds, which are one of the earliest
approved drugs for CD management, were a therapy choice for 12 of our patients. They are used in
patients with mild-to-moderate disease activity, as they function as gastrointestinal anti-
inflammatories and aminosalicylates [7].

Endoscopy is a gold standard for the diagnosis and evaluation of the disease activity, as EGDS
and ileo-colonoscopy enable the macroscopic evaluation of the intestinal mucosa and
histopathological biopsy analysis [2,3]. A total of 19% of patients had specific changes on both the
upper and lower endoscopies. Specific findings on EGDS and ileo-colonoscopy had 36.6% and 64.9%
of patients, respectively. The percentage of our patients with these findings on upper endoscopy was
larger than the European CD registries report (9-24%), which shows that a properly performed EGDS
is a good diagnostic tool for CD [15,16]. Abuquteish et al. [5] reported that the most frequent changes
seen on endoscopy are in the stomach, followed by the oesophagus and duodenum. In our study, the
stomach was the site of the most frequent macroscopic changes (50%) as well, followed by the
duodenum (28.57%) and oesophagus (21.43%). This shows the importance of routine endoscopic
procedures in the diagnosis and monitoring of CD, as it can serve in the assessment of disease
progression and suggest underlying pathology.

With further evaluation of the biopsies obtained during EGDS, diagnostic signs of CD (chronic
inflammation with non-caseating granulomas) were found in 18% of patients in the stomach, 9% in
the oesophagus, and 12% in the duodenum. Compared with the EUROKIDS registry [17], the
incidence of granulomas in our study was higher in all segments of the upper GI tract: the stomach
(11.5%), oesophagus (4.7%), and duodenum (3.3%). Histologically, non-caseating granulomas consist
of 5 or more epithelioid histiocytes and/or multinucleated giant cells and are the distinguishing
feature between CD and ulcerative colitis [5,10].

Histopathological findings suggestive, but not characteristic of CD are focally enhanced gastritis
and lymphocytic oesophagitis. Focally enhanced gastritis was seen in 25% of our patients in the first
and 28.89% in the second biopsy, while the reported frequency in literature is up to 50%. Children
with this finding are 15 times more likely to be diagnosed with either CD or ulcerative colitis. It is
defined as a focal pit inflammation comprised of lymphocytes and histiocytes most commonly seen
in the gastric antrum. These patients are also more likely to have signs of CD somewhere else in the
gastrointestinal tract, so further endoscopic and HP evaluation is mandatory [18,19]. Lymphocytic
oesophagitis (LyE), another histopathological finding highly suggestive of pediatric CD, is diagnosed
when more than 20 intraepithelial lymphocytes are found in one high-power field (HPF), with no
significant number of granulocytes. This diagnosis is not yet standardized, as lymphocytes are
normally found in the oesophageal mucosa, mainly in the peripapillary epithelium (10-12/HPF). In
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our study, the prevalence of LyE was 6% in the first and 6.7% in the second biopsy, which was similar
to a study conducted by Sutton et al. [20]. In the duodenum, the most frequent non-specific finding
seen in patients with CD is chronic duodenitis whose prevalence ranges from 33-48% [5]. In our
study, chronic duodenitis was the most commonly seen finding on both the first (48%) and second
(46.7%) duodenal biopsies. We also found it interesting that eosinophilic oesophagitis was present in
half (52%) and an elevated number of eosinophils in the duodenum in a third (37%) of our patients.
Eosinophils play an important role in both pro-inflammatory and anti-inflammatory processes,
depending on the extent of the infiltration, and in some cases indicate disease remission [10].

Regarding the HP findings on the ileo-colonoscopy, almost 2/3 (63.9%) of patients had complete
ileo-colonic disease, and limited ileocecal and colorectal disease had 16.9% and 6%, respectively.
These results differ from a study [10], which reported a lower Gl involvement in older-onset pediatric
CD patients of 9%, 18%, and 0% regarding the limited ileocecal, colonic, and ileocolonic disease,
respectively. We have observed that CD changes worsened significantly in the rectum and
descending colon between the first and second biopsies, which indicates a predominance of disease
progression in the left colon. In the groups of patients diagnosed for the first time with CD, 68% had
specific findings in the entire lower GI tract, which shows that the HP analysis of CD should always
include both upper and lower GI tract biopsies.

The most commonly used index for the assessment of disease activity in the terminal ileum and
colon is GHAS, which was frequently noted in pathology reports in our study.) [21]. Our study
demonstrated a median low GHAS in the terminal ileum (GHAS=3), and a high value in the colon
(GHAS =7). Many patients (28.89%) had no disease activity in the terminal ileum. In both the terminal
ileum and colon the highest proportion of patients (31.1% and 43.1%, respectively) had a moderate
GHAS (ranging from 5 to 9).

The variability of HP findings in our study shows unpredictability in the biopsy results in
pediatric patients with CD, and the need to find a more standardized approach to the disease
diagnosis and distinguish findings that are highly suggestive of CD and whose appearance prompts
a more detailed assessment of the entire GI tract of affected patients to reach the diagnosis with
minimal delay time.

The limitations of our study are incomplete information regarding fecal calprotectin (n=60) and
CRP (n=19) values and a smaller number of patients in the follow-up biopsy category in comparison
to the index biopsy group (n=100/45). The strengths of this study are the inclusion of both endoscopic
and histopathologic findings of CD and the subclassification of the results.

5. Conclusions

Our study showed that more than a third of patients had specific endoscopic (36.59%) and
histopathologic (32%) findings in the upper GI tract, and an additional 23% had HP findings highly
suggestive of CD. We demonstrated the importance of regular endoscopic and histopathological
assessments of pediatric CD patients. Additionally, risk factors for disease progression and dietary
data should be included in future work, for a better understanding of the complexity of CD.
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