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1. Abstract
1.1. Background: Approximately 25% of inflammatory bowel

diseases are diagnosed in childhood, which may have unfavorable
repercussions over time, associated with the possibility of a worse
prognosis when the proximal small bowel is involved. Thus, a better
understanding of the course of this pathology in the pediatric pop-
ulation is necessary. The aim of this study is to describe the clinical
and endoscopic activity of pediatric patients with Crohn’s disease
with involvement of the proximal small intestine in two periods, with

an interval of 10 years between them.

1.2. Methods: A prospective cohort study was performed in pedi-
atric patients with Crohn’s disease and involvement of the proximal
small bowel confirmed by double-balloon enteroscopy. These pa-
tients were evaluated clinically and endoscopically, both at the time

of enteroscopy and after 10 years of follow-up.

1.3. Results: 20 pediatric patients diagnosed with Crohn’s disease
and proximal small bowel involvement were evaluated. The mean age
was 11 years with the majority being male. There was a statistically
significant improvement in the global indices of inflammatory and
endoscopic activity after 10 years of follow-up, however, when ana-
lyzing patients with early or very early onset of the disease, clinical
and especially endoscopic remission were not achieved in most of

these patients, being that 4 progressed to surgery.

1.4. Conclusion: There was clinical and endoscopic improvement
of patients over 10 years, nonetheless, in patients diagnosed before
10 years old, there was worse evolution and difficulty in achieving
deep remission despite biological therapy, suggesting a distinct phe-

notype, with more aggressive disease.

2. Introduction

Crohn’s disease, first described in 1932 [1] is a progressive chronic
disease that can affect all segments of the gastrointestinal tract and,
may also, progress to complications such as fistulas, abscesses, and
strictures [2]. In children, there is also the possibility of impaired lin-
ear growth, malnutrition, decreased bone mineral density and delayed
puberty [3-6].

Up to 30% of individuals with inflammatory bowel disease will have
their first symptoms before age 18 years [7]. with studies showing
an increasing incidence of Crohn’s disease in this specific group of

patients in several European countries [7-9].

Regarding the most affected segment, the ileocecal region accounts
for 50% of cases, with the proximal small bowel accounting for only
5to 15% of all cases [10,11]. However, there are few studies involv-
ing patients with Crohn’s disease and involvement of the proximal
small bowel, among them, Flamant et al., [12], in a retrospective se-
ries with 108 patients with Crohn’s disease evaluated by capsule en-
doscopy, revealed that more than 50% of those with terminal ileum
disease also had lesions in proximal small bowel. In another aspect,
Kim et al., [13], in a Korean cohort with 1403 patients, hypothesized
a higher prevalence of jejunal disease in specific populations, evi-
dencing a higher prevalence in Orientals when compared to Western
populations. Furthermore, Fong et al. reported a significant increase
in surgeries and hospitalizations in these patients with proximal small

bowel involvement, suggesting a worse long-term prognosis [14].

Also considering the evidence described by Uhling et al, [15], that
patients diagnosed under the age of 10 years are likely to develop

more severe conditions and higher rates of complications, in addi-
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tion to the fact that approximately 25% of all inflammatory bowel
diseases diagnosed occur in pediatric age, associated with the lack of
studies involving pediatric patients with Crohn’s disease involving the
proximal small bowel, the aim of this study was to describe the clin-
ical and endoscopic activity in pediatric patients with Crohn’s disease
with involvement of the proximal small bowel, in two periods, with

an interval of 10 years between them.
3. Methods
3.1. Study Design

It was performed a single-center descriptive prospective cohort study
in patients diagnosed with Crohn’s disease with involvement of the

proximal small bowel followed up at a specialized pediatric center.
3.2. Population and Procedures

For 10 years, a group of pediatric patients with an established diag-

nosis of Crohn’s disease and suspected involvement of the proximal

Figure 1: Study Design

3.3. Clinical Assessment

Patients were clinically evaluated for disease activity using the modi-
fied Harvey-Bradshaw Index (HBI), which consists of the evaluation
of five items: patient well-being, abdominal pain, number of liquid
or soft stools per day, abdominal mass and presence of complica-
tions. Scores with indices lower than 5 are observed in patients who
are in remission, between 5 and 7 in patients with mild clinical activ-
ity, between 8 and 16 in patients with moderate activity, and indices

greater than 16 in patients with intense clinical activity [106].
3.4. Endoscopic Assessment

Simple Endoscopic Score for Crohn’s Disease (SES-CD) was per-
formed for endoscopic evaluation, where the parameters evaluated
are ulcer size, affected and ulcerated surfaces, and strictures, which
receive a score of 0 to 3 in each segment evaluated. The following
segments are scored and evaluated: ileum, right colon, transverse co-
lon, left colon and rectum. For scores from 0 to 2, endoscopic remis-
sion is considered, between 3 and 6 mild endoscopic activity, between
7 and 15 moderate endoscopic activity, and indices greater than 15

are considered intense endoscopic activity [17].
3.5. Statistical Analysis

Qualitative characteristics of patients were described using absolute
and relative frequencies and quantitative characteristics using sum-
mary measures (mean, standard deviation, median, minimum and
maximum). Treatment types, clinical and endoscopic scores were de-

scribed at baseline and at 10 years and compared between time points
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small bowel on contrast-enhanced intestinal transit radiography were

consecutively selected.

Initially, they underwent double-balloon enteroscopy by a single
endoscopist. Sedation was performed by the anesthesiology team,
where general anesthesia was determined for patients under 12 years
of age and deep sedation with propofol for patients aged 13 years
and over. Enteroscopy findings were classified as “normal” when
no endoscopic changes were found; as “mild” when enanthema and
edema are found; and “intense” when lesions are found such as ul-
cers or erosions or inflammatory strictures, which can be passed to
the enteroscopy or not, and as “remission” when scars are found and

absence of enanthema and ulcerations.

The present project evaluated patients undergoing double-balloon
enteroscopy 10 years ago and described the clinical and endoscopic
findings at two times: when enteroscopy was performed and after 10

years (Figure 1).

using the paired Wilcoxon test.

The associations of the characteristics of interest with clinical and
endoscopic remission after 10 years were evaluated using Fisher’s ex-

act tests or likelihood ratio tests.

The analyzes were performed using the IBM-SPSS for Windows
version 22.0 software and the bar graphs were constructed and the
results were tabulated using the Microsoft-Excel 2010 software. The

tests were performed with a significance level of 5%.
3.6. Ethical Approval

This study was approved by the ethics committee for analysis of re-
search projects and registered on Plataforma Brasil under certificate
number 35880720.3.0000.0068. All participants were informed about
the research objectives and attested to their agreement by signing an

informed consent form.
4. Results

In 2010, 20 pediatric patients diagnosed with Crohn’s disease under-
went Double-Balloon Enteroscopy and, after 10 years of follow-up,
3 patients changed their diagnosis as shown in Figure 2: patient 1
changed the diagnosis to monogenic disease, mutation of the Inter-
leukin 10 / intetleukin 10 receptor; patient 19 changed the diagnosis
to juvenile idiopathic arthritis; patient 20 changed the diagnosis to
ulcerative colitis. 7/17 had concomitant disease in the proximal small
bowel with ileocolon involvement, 7/17 had colon involvement,

1/17 had terminal ileum involvement, and 2/17 had no ileocolon
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disease.

The mean age of patients at baseline was 11 years (ranging from 3
to 20), with the majority being male (64.7%), with the inflammatory
phenotype being the most prevalent (52.9%), followed by stenosing
and fistulizing, each accounting for 23.5% of patients. At the begin-
ning of the study, 35.3% of the patients had perianal involvement.

Of the 17 patients, 4 had ulcers in the proximal small intestine, 3 had
enanthema and edema, and 10 patients had areas of scar retraction
on BDE (Figures 3).

There was an improvement in Crohn’s disease activity global index,
with a statistically significant difference in clinical (Figure 4) and en-
doscopic (Figure 5) scores, when compared at baseline and after 10
years of follow-up (Tables 1 and 2).

Patients with active Crohn’s disease in the proximal small bowel, vis-
ualized by double-balloon enteroscopy at baseline, had a lower fre-

quency of clinical remission after 10 years, while the non-inflamma-

2023, V'10@4): 1-7

tory phenotype and perianal involvement had a lower frequency of

endoscopic remission.

At baseline, 58% of patients were using immunosuppressants and,
after 10 years, approximately 50% of patients are using biologics,
either as monotherapy or in combination with immunosuppressants.
Four patients (4/17) underwent intestinal resection, 2 with terminal
ileostomy, one with ileotransverse anastomosis and one with ileorec-

tal anastomosis.

Of the 17 patients, one had primary sclerosing cholangitis (PSC) dur-
ing follow-up and two others had intermittent and persistent joint
pain. The same PSC patient had acute lymphoblastic leukemia that

was treated with chemotherapy.

Sixteen patients underwent magnetic resonance enterography or
computed tomography after 10 years of follow-up and only one pa-

tient showed signs of activity in the proximal small bowel.

Figure 2: Classification according to age, enteroscopy findings and ileocolon involvement.

Figure 3: Double balloon enteroscopy showing ulcers in the jejunum (Patient 11). A. Shallow, oval, bare ulcers throughout the proximal jejunum. B. Deep

jejunal ulcer with raised, whitish margins. C and D showing deep, serpiginous, confluent ulcers covered by thick fibrin (Patient 12).



Figure 4: Description of the clinical score classifications (modified Harvey
Bradshaw Index) at the moments of evaluation and results of the compar-

ative test.

Figure 5: Description of the endoscopic score classifications (SES-CD) at

the moments of evaluation and results of the comparative test.

Table 1: Harvey Bradshaw Index initial and after 10 years by age at diagnosis.

Patients n =17
HBI initial HBI after 10 years
Remission Activity Remission Activity
Infantile 1 0 1 0
Very Early 0 5 4 1
Early 0 3 0 3
Pediatric 0 8 6 2
TOTAL 1 16 11 6

Table 2: Endoscopic activity by SES-CD, initial and after 10 years by age at

diagnosis.
Patients n =17

SES-CD initial SES-CD after 10 years

Remission | Activity Remission Activity
Infantile 0 1 1 0
Very Early 1 4 1 4
Early 0 3 0 3
Pediatric 4 4 7 1
TOTAL 5 12 9 8
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5. Discussion

This is the first long-term prospective cohort study in pediatric-on-
set Crohn’s Disease (CD) involving the proximal small bowel. The
most common phenotype of CD is ileocecal, affecting about 50%
of cases, as previously described [10]. Nevertheless, in this series,
it was observed when CD was present in the proximal small bowel,
80% of them had ileocolonic or colonic involvement and only 20%
of these patients had isolated concomitant disease of the terminal
ileum or absence of ileocolonic disease, showing a divergence from
the findings of Flamant et al., [12], who reported in their sample
weak association between colon CD concomitant with proximal
small bowel CD. A possible hypothesis for such divergence could
be that the population base of Flamant et al. was adult individuals
and early-onset CD may present with distinct phenotypes at onset
ages above 10 years. If, in this study, the concomitance of disease
involving the ileum and colon is evaluated by age group according to
the phenotype proposed by the Paris classification [18], in the pedi-
atric group, Alb (individuals between 10 and 17 years), more than
50% have ileal disease associated with proximal small bowel CD, and
only 25% with concomitant colon involvement, numbers closer to

the Flamant et al. findings.

In this study, 3/20 changed the diagnosis during follow-up, repre-
senting 15% of the sample. In spite of that, it has already been re-
ported in other studies, such as the one by Aloi et al., [19], which
showed a change in diagnosis of around 2% over the course of 40
months of follow-up in their sample, but when specific ages were
analyzed, it was observed that an even higher rate, 40% of diagnostic

change throughout the study.

In one of the patients diagnosed with CD before 2 years of age, there
was a change in the diagnosis to monogenic disease, in agreement
with what Uhling et al., [15], where individuals diagnosed with CD at
ages younger than 6 years of age and, mainly, younger than 2 years of
age, called infantile-onset inflammatory bowel disease (IBD), have a
high chance of monogenic disease, including mutations in the inter-
leukin 10 gene or receptor gene, as in the case of this study, or oth-
er mutations such as severe combined immunodeficiency, common
immunodeficiency variable, chronic granulomatous disease, Wiskott-
Aldrich syndrome, X-linked polyendocrinopathy and enteropathy
(IPEX), and X-linked lymphoproliferative syndrome (XLP).

IBD can be associated with a variety of immune-mediated diseases
[20], and, although rare, there are reports of an association between
IBD and juvenile idiopathic arthritis (JIA) [21]. In the case of this
study, the patient presented International League or Associations for
Rheumatology (ILAR) criteria for JIA [22], an inflammatory disease
characterized by high levels of interleukin 1 and 6 [23] and in ad-
dition with a prominent eosinophilic infiltrate in colon biopsies, it
was decided to associate these findings with JIA with manifestation

extra-articular, as desctribed by some authors [24,25].



The authors of this study also believe that double balloon enteros-
copy played an important role in changing the diagnosis to ulcerative

colitis in the patient initially diagnosed as CD.

Eleven patients (64.7%) were male, in agreement with Sauer et al.,
[26] even so, when analyzing the group of individuals younger than
6 years of age, described as very-eatly onset by Uhling and collab-
orators [15], 5/6 wete male, which may be a trend in this specific
population of children or even have some unknown protective factor

in females.

The inflammatory phenotype was the predominant, responsible
for 52.9% of the patients, followed by the stenosing and fistuliz-
ing phenotypes, both representing 23.5% of this series, differing in
part from the systematic review performed by Benchimol et al., [27]
which, despite reporting the inflammatory phenotype being the most
common, concluded that stenosing and fistulizing forms are rare.
Another study published by Fumery et al., [28] who followed 535
patients with pediatric CD for 11 years, showed that, at baseline, 73%
of patients had an inflammatory phenotype, and at the end of fol-
low-up, this rate decreased to 42% of patients, number closest to the
sample of the present study. In this sample, the change in behavior
was not evaluated, since the Paris classification of the behavior of
the disease was given at the worst moment of the patients described
in this study, and it is not possible to describe whether there was a

worsening in the behavior during the follow-up.

Some studies [29,30] reported that perianal disease affects older chil-
dren, over 10 years of age, differing from the findings described in
this study, where it was observed that 6 of the 17 patients had peri-
anal involvement (35%), with 4 of these patients under 10 years of
age. Perhaps this difference can be explained by the presence of CD
in the proximal small bowel, conferring a distinct phenotype for this

complication.

In the general, there was a significant improvement in clinical and
endoscopic scores when compared at the beginning and at the end
of the 10-year follow-up, with the pediatric group (between 10 and
17 years of age) achieving remission in 7/8 patients. Although, when
analyzing the group of children diagnosed with CD before 10 years
of age, it was observed that 7/9 are still undergoing endoscopic ac-
tivity, and it is possible to note a divergence of clinical and endoscop-
ic activity in the age group between 2 and 5 years as well, which can
be explained by the few symptoms of CD in these patients. Several
studies [19,27,28] have already mentioned that patients with early
onset of CD have some phenotypic characteristics that distinguish
them from CD diagnosed in adolescence and, in this study, a worse
response can be observed in patients diagnosed at an eatly-onset or

very-early-onset age, in agreement with the literature.
During the follow-up, 4/17 patients progtessed to surgety, approxi-

mately 23% of the population studied in this study. When evaluated
by age group, it is observed that 50% of patients between 2 and 10
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years of age underwent intestinal resection and they are still in en-
doscopic and clinical activity after 10 years follow-up, another factor
that suggests a more aggressive phenotype and difficulty of manage-
ment in this age group, even in the presence of biological therapy.
In a systematic review published by Mao et al., [31] which aimed to
assess the efficacy of biological and immunomodulatory therapy in
adult patients with IBD, five randomized clinical trials for CD were
evaluated and concluded that anti-tumor necrosis factor (TNF) sig-
nificantly reduced the progression to surgery. In pediatric patients,
referral centers reported [32,33] a 43% probability of surgery in 10
years, data that are similar to the present study. There was an impoz-
tant reduction in the use of immunosuppressants in this study, pos-
sibly explained by the worse evolution of the disease with the need
for treatment progression and, moreover, with the arrival of new
biological therapies in the study period from 2010 to 2020, which in
theory does not decrease the possibility of surgical evolution in pa-
tients with eatly-onset or very early-onset CD. Anyhow, the authors
of this study admit that more studies need to be carried out to better
elucidate the role of biological therapy in the surgical evolution of

CD diagnosed before 10 years of age.

Of the 17 patients, three evolved with extraintestinal manifestations
during the follow-up, being one PSC and the other two with joint
manifestations, less than 15% of the patients in this sample. This
data is similar to that reported by Fumery et al, [28] who showed
extraintestinal manifestations in 23.5% of the 535 patients followed
up with CD, with 11% of the 535 patients with joint manifestations,
0.2% with hepatobiliary manifestations, and the others with cutane-

ous manifestations.

In this study, there was no mortality, but there was one report of
acute lymphoid lymphoma. Other studies [33-36] also reported some
cancers such as leukemia and cholangiocarcinoma, but with an inci-

dence of less than 1%.

As limitations of this study, the small sample size and the inability to
statistically identify changes in treatment levels during follow-up are
highlighted. As a strong point, it is noteworthy that this is the first
study with patients diagnosed with CD of the proximal small bowel

with long-term follow-up.
6. Conclusion

In view of the study carried out with pediatric patients, it can be con-
cluded that patients diagnosed with Crohn’s disease and involvement
of the proximal small bowel showed statistically significant clinical
and endoscopic improvement after 10 years of follow-up. None-
theless, patients diagnosed before 10 years of age presented worse
evolution and difficulty in achieving deep remission. Approximately
half of patients diagnosed with Crohn’s disease before age 10 years
progressed to surgery despite biological therapy, suggesting a distinct

phenotype of more aggressive disease.
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