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1. Introduction

Martin Classen

IBD differs between adults and children

Inflammatory bowel disease (IBD) can present at any age, with a peak
between the ages of 15 and 25. Nonetheless, the disease does not
manifest in a strictly linear fashion, but rather in specific forms which
vary based on the age of onset. As a result, disease activity and the
course of IBD may differ between cases of early-onset IBD and adult-
onset IBD.

Approximately 25% of IBD cases are diagnosed in patients ages
18 years old and younger [Benchimol et al. 2011], and approximately
25% of these cases are in turn diagnosed before the age of 10. The
disease is typically more severe in children and adolescents than in
adults in terms of its extent and inflammatory activity [Jakobsen et al.
2011]. The age cohort of children under the age of 2 represents a
unigue form of the disease, since many of these cases are actually
monogenic immune disorders which present as IBD [Charbit-Henrion
et al. 2018, Oliva-Hemker et al. 2015, Uhlig et al. 2014] (see Chapter 2:
Unique aspects in the pathophysiology of pediatric IBD).

The impact of IBD on physical and mental development is particularly
severe in children [Brooks et al. 2016]. Physicians must be familiar
with the unigue characteristics of each age group and take these cha-
racteristics into account when caring for patients. Pediatric gastro-
enterologists are specially trained on these topics, and accordingly
they represent the group of providers specifically recommended in
German guidelines [Kucharzik et al. 2018, Preiss et al. 2014]. Physicians
must have expertise in education, psychology, and nutrition medicine
when treating children and adolescents with IBD. The treatment
approaches of pediatricians and internists differ greatly [Assa et al.
2016]. According to two recent publications based on data from the
large CEDATA registry maintained by the GPGE (German Society for
Pediatric Gastroenterology and Nutrition), there are major differences
in the clinical presentation, course, and treatment between pediatric
and adult IBD [Buderus et al. 2015, Daebritz et al. 2017].

Pediatric IBD patients are at an elevated risk of developing psycho-
social issues and psychiatric disorders [Castaneda et al. 2013, Szigethy
etal. 2009]. IBD can negatively impact academic performance, degree
completion, vocational training, recreational activities, adherence to
medication, and quality of life [Engelmann et al. 2015, Giannakopoulos



et al. 2016, Kilroy et al. 2011]. Depression is also a common psychiatric
comorbidity of the disease [Clark et al. 2014, Szigethy et al. 2009].

The health provider structures also differ fundamentally between pedi-
atric and adult patients. There are many fewer pediatric gastroenterol-
ogists than adult gastroenterologists in private practice in Germany.
This is due to the lower number of patients and to the more strin-
gent indications required for invasive procedures in children, but also
due to the lack of a need for screening endoscopy in children. The
vast majority of pediatricians who have completed a specialization
in gastroenterology are employed at hospitals, although there is also
a small yet steadily growing number of pediatric gastroenterologists
in private practice. This group of pediatricians is often hampered by
unfavorable insurance reimbursement policies. A list of contacts on
this topic can be found on the GPGE website (www.gpge.de).

The goal for the authors of this booklet was to provide a concise,
practice-oriented, scientific overview of the entire field of pediatric
IBD. The booklet is intended to assist pediatricians, pediatric gastro-
enterologists, and internists at providing optimal care to this group of
patients who are suffering under a tremendous burden.

Martin Classen, Stephan Buderus, Axel Enninger, Jan de Laffolie,
Michael Melter, Carsten Posovszky, Burkhard Rodeck
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2. Unique aspects in the pathophysiology
of pediatric IBD

Carsten Posovszky

Crohn’s disease (CD) and ulcerative colitis (UC) are the two main
components of inflammatory bowel disease (IBD). These two disor-
ders were once thought to be autoimmune diseases, as they are both
associated with extraintestinal autoimmune manifestations. For ex-
ample, arthritis and uveitis may occur in patients with CD, while pri-
mary sclerosing cholangitis (PSC) is more common with UC. How-
ever, these diseases are in fact chronic inflammatory disorders of
the gastrointestinal tract that are triggered by dysregulated immune
responses to intestinal bacteria in genetically predisposed individuals
[Xu et al. 2014].

The intestinal immune system - innate and adaptive immunity

The gut is the largest immune organ in the human body, with the
intestinal mucosa forming an enormous boundary up to 40 m2 in
surface area [Helander & Fandriks 2014]. This mucosa confers pro-
tection from toxins, bacteria, and other harmful substances through
both natural innate immune defenses and specific adaptive immune
responses [Kurashima et al. 2013]. The mucosa provides a barrier to
the contents of the bowel, including nutrients and gut microbiota as
well as pathogenic viruses, bacteria, and parasites (Figure 2/1). The
intestinal mucosa is comprised of a single layer of epithelial cells (the
epithelium), a layer of connective tissue (lamina propria), and a mus-
cular layer (muscularis mucosae) [Gracz & Magness 2014]. In addition
to exerting a mechanical barrier function, the epithelium is also in-
volved in numerous secretion and absorption processes which aid in
both nutrient uptake and in protection from infection [DeSesso &
Jacobson 2001]. The intestinal immune defenses begin in the lumen
itself with “non-specific” factors in mucus and serous fluids.

Specific mucosal immunity is conferred by secretory immunoglo-
bulin A (slgA) on the mucosal surface and by lymphocytes in the epi-
thelium, both of which are considered mucosa-associated lymphoid
tissue (MALT) [Brandtzaeg 2010].

In the gut, lymphocytes are found both in secondary lymphoid tissues
including the lymphoid follicles, the appendix, and the mesenteric
lymph nodes, as well as diffusely localized in gut tissue as intraepi-
thelial lymphocytes (IEL) between the epithelial cells and in the lami-
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Figure 2/1: The intestinal barrier and the non-specific innate immune response. A single layer of
epithelium comprised of enterocytes (yellow-brown) and goblet cells (red) forms a mechanical
and chemical barrier in the bowel (schematic diagram in left panel). The tight junctions between
the cells (green) prevent pathogens and other microbes from entering into the mucosa via
the paracellular space. The mucus layers (turquoise) produced by the goblet cells (red) and the
defensins and immunoglobulin A (small circles) produced by the enterocytes are both forms
of chemical immune defenses. The inner mucus layer prevents non-flagellated bacteria from
entering. Theimmunohistology image in the right panel shows bacteria (red) in the mucus layer
(green) on the epithelial cell layer (blue) (source of right panel: Dirk Haller, TUM: https:/
www.tum.de/die-tum/aktuelles/pressemitteilungen/detail/article/31215/).

na propria. The MALT represents a gigantic reservoir of lymphocytes
and is important for specific adaptive immunity in the gut.

The direct immune reaction which occurs between the contents of
the bowel, the mucosa, and lymphoid tissues is key for the specific
immune response. Peyer’s patches, which are primarily located in the
ileum and in the tonsils, contain specialized M cells that are in direct
contact with the lumen and take up luminal antigens [Corr et al.
2008].

The immune system is constantly active in the gut. Activated T cells
and memory T cells are found in the gut lymphoid tissues even in the
absence of a stimulus (such as infection), and these tissues are the
site of ongoing regulatory immune processes which inhibit immune
responses and induce tolerance [Kurashima et al. 2013]. For example,
regulatory T cells (Treg) prevent pro-inflammatory Th17 cells from
inducing an inflammatory response. However, if anti-inflammatory
bacteria become diminished — for example resulting from diet — or if
proinflammatory bacteria dominate the gut flora, proinflammatory



cytokines will stimulate Th17 cells over Treg cells and it becomes
impossible to contain the inflammatory response [Khor et al. 2011].

Intriguingly, germ-free mice have hypoplastic Peyer’'s patches and
no solitary lymphoid follicles, suggesting that microbial stimulation
is required for the formation of secondary lymphoid tissues in the gut
[Hooper et al. 2012]. Moreover, the commensal microbiota also stim-
ulates the non-specific antibacterial activity of enterocytes [Goto &
lvanov 2013]. Thus, the gut flora promotes the maturation and bal-
ance of the intestinal immune system.

The pathophysiology of IBD

Both the intestinal barrier but also non-specific and specific immune
responses play major roles in the pathophysiology of IBD [Kurashima
et al. 2013]. Several components of the intestinal barrier are dysfunc
tional in IBD, which are often associated with genetic risk factors
[McCole 2014].

The microbiome of IBD patients differs from that of healthy persons,
exhibiting for example less diversity of bacterial species and greater
numbers of bacteria on the mucosal surface [Swidsinski et al. 2005].
This latter observation may be due to dysregulated or decreased pro-
duction of mucus, as MUC knock-out mice (which do not produce
mucin) develop IBD. Commensal bacteria upregulate the tight junc-
tions connecting the epithelial cells, and thereby regulate diffusion
and maintain epithelial polarity in the epithelium. Abnormal tight
junction formation is observed in patients with GNA/2 and MAGI2 poly-
morphisms and is associated with the development of UC [McCole
2014]. Several different polymorphisms in NOD2 are associated with
CD, and expression of antimicrobial peptides by Paneth cells is re-
duced in patients with NOD2 polymorphisms [Biswas et al. 2012,
Kobayashi et al. 2005]. The numerous genetic mutations associated
with IBD will be discussed below in the section on theories of the dis-
ease as part of the genetic hypothesis. The key point is that a stable
and healthy microbiome may help maintain immune system equi-
librium even in patients with an unfavorable genetic predisposition.

Epidemiological risk factors

Epidemiological studies have identified both protective factors and
risk factors for UC and CD (Figure 2/2) (see also Chapter 3: Risk factors).
The recent increase in the incidence of IBD has been attributed to
environmental and socioeconomic factors [Guariso 2014, Ponder &
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Figure 2/2: Environmental factors and the etiology of IBD. Epidemiological studies have iden-
tified risk factors (red circle) and protective factors (green circle) for CD and UC (adapted from
Ponder & Long 2013).

Long 2013]. The uptick in IBD in Eastern Europe has been attributed
in part to improved hygienic conditions, especially improvements in
water quality (hygiene hypothesis). However, the growing number of
antibiotic prescriptions, and the concurrent decrease in beneficial
bacteria (Bifido, Lactobacillus, Bacteroides, and Firmicutes spp.) and
increase in pathogenic bacteria such as invasive Escherichia coli spe-
cies, is also thought to be a cause. Indeed, epidemiological data have
shown that antibiotic use is associated with an elevated risk of IBD
[Hviid et al. 2011]. This risk is dose-dependent and increases with the
number of cycles of antibiotics, and is particularly high in cases of
early antibiotic treatment during the first year of life [Ponder & Long
2013].

The effects of smoking on the etiology of IBD have been studied
in great detail. These studies have revealed an elevated risk of CD
among active smokers and an elevated risk of UC among ex-smokers
[Ponder & Long 2013].

However, these and other epidemiological studies have only been
able to establish correlation, but not causation.



Theories on the pathogenesis of IBD

A number of theories on the etiology of IBD have been proposed
in recent years (Figure 2/3), the most well-known of which is the
hygiene hypothesis. This hypothesis postulates that fewer infections
by helminths, Helicobacter pylori, or pathogenic mycobacteria, less
contact with farm animals, improved water quality, and increasing
antibiotic use may all elevate the risk of developing IBD, especially
in small families with two children or fewer [Koletzko & Uhlig 2010,
Ponder & Long 2013]. This theory may explain observations such as
the increase in the incidence of IBD in Eastern Europe over the past
two decades that has occurred in parallel with improvements in hy-
gienic conditions in this region [Koletzko & Uhlig 2010].

In contrast, the infection hypothesis postulates that IBD may be trig-
gered by infections of the gastrointestinal tract by agents such
as Helicobacter pylori or Salmonella spp. However, there is still no
scientific proof of this hypothesis despite exhaustive research efforts
[Koletzko & Uhlig 2010].

The barrier defect hypothesis was postulated as a result of scientific
insights into the crucial importance of the intestinal barrier and the
microbiome in the etiology of IBD. The gut epithelium does indeed
exhibit greater permeability in patients with IBD as well as in their
healthy first-degree relatives. This phenomenon has been linked to
genetic mutations or polymorphisms in protein tyrosine phosphatase
N2 (PTPN2) or the transcription factor X-box binding protein 1 (XBP1)

Infection hypothesis Hygiene hypothesis
Environmental
factors
Barrier defect Genetic hypothesis
hypothesis
IBD .
Immune Genetic
regulation predisposition

Immune Immuno-
dysregulation deficiency
hypothesis hypothesis

Figure 2/3: Hypotheses on the etiology of IBD
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[Khor et al. 2011, Koletzko & Uhlig 2010]. CD patients also exhibit
decreased mucosal antimicrobial activity resulting from reduced
secretion of defensins [Nuding et al. 2007].

Scientific evidence has also established the importance of genetic
predisposition in the development of IBD (genetic hypothesis). The
initial indications of genetic predisposition were provided by twin
studies that showed a high level of familial risk (see also Chapter 3:
Risk factors). First-degree relatives of IBD patients are themselves at
a 10-fold greater risk of developing IBD [Orholm et al. 1991]. These
studies suggested that genetic mutations may play a key role, and
were followed by genetic linkage studies that initially identified nine
independent susceptibility loci [Khor et al. 2011]. The genetic mu-
tations linked to IBD were subsequently numbered IBD1, IBD2, IBD3,
etc. up to IBD28 (www.omim.org). These genome-wide association
studies (GWAS) were primarily conducted in adult IBD cohorts (see
Figure 2/5). They reported a total of 169 susceptibility genes for IBD,
of which 71 were CD-specific, 47 were UC-specific, and 28 were as-
sociated with an elevated risk of both disorders. Two pediatric stud-
ies identified similar genetic determinants as those found for adults,
but also identified two new genetic loci: TNFRS6B (decoy receptor
for the FasL pathway, DCR3) and PSMG1 [Kugathasan et al. 2008,
Scherr et al. 2009]. Next-generation sequencing has been used to
identify genetic triggers in patients with severe forms of IBD or early-
onset IBD [Christodoulou et al. 2013].

Molecular genetic studies in patients with very early-onset (VEO)
disease have revealed more than 40 different monogenic mutations
impacting the epithelial barrier, the stress response, and the immune
response (Table 2/1) [Schwerd & Koletzko 2017, Uhlig 2013]. These
mutations also frequently cause primary immunodeficiencies (immuno-
deficiency hypothesis). General immunodeficiencies frequently impact
the gut, as it is the largest immune organ in the body. Intriguingly,
the disease phenotype differs by age group even among patients
with the same genotype (Figure 2/4), strongly suggesting that the
etiology of IBD also varies by age [Ruel et al. 2014].

In summary, environmental factors impact the microbiome through
the mechanisms of increased hygiene, increased antibiotic use, and
altered dietary patterns. These changes may trigger inflammatory
responses through a reduction in anti-inflammatory bacteria or an
increase in proinflammatory gut flora. When these factors occur in
individuals who are also genetically predisposed to immune dysreg-
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ulation, the result is IBD (see Figure 2/3). The influence of genetics is
particularly relevant in cases of VEO-IBD. This is an age range during
which the individual gut microbiome is still becoming established
and the immune system is particularly active, all while environmen-
tal cues are continuously increasing (Figure 2/5) (see also Chapter 3:
Risk factors).

Monogenic mutations with IBD phenotype in
pediatric patients

A large number of rare monogenic disorders may present as IBD
(see Table 2/1). These disorders are caused by genetic mutations that
impact the epithelial barrier as well as the functions of lymphocytes,
phagocytes, and other cell types. Several monogenic mutations are
described below as examples together with their associated pheno-
types.

CARD15 (NOD2) mutations, (IBD1) OMIM 266600

Genetic predisposition is a primary risk factor for developing IBD.
CARD15 (NOD2) was the first IBD gene identified for CD [Hampe et al.
2001, Hugot et al. 1996, Hugot et al. 2001, Ogura et al. 2001].
NOD?2 is primarily expressed by Paneth cells and regulates the secre-
tion of antimicrobial peptides into the lumen. As a microbial sensor,
NOD2 plays an important role in regulating the intestinal microbiota
[Murray 2005]. The functional impairment triggered by certain poly-
morphisms in NOD2 thus alters the microbial composition of the
ileum, and is considered to be a predisposing factor for CD [Biswas
et al. 2012]. The rare Blau syndrome (OMIM 186580) is caused by a
mutation in NOD2. These patients suffer from CD with early-on-
set granulomatous arthritis accompanied by uveitis, granulomatous
synovitis, camptodactyly, rash, and cranial neuropathies.

Defects in the IL10 signaling pathway

Interleukin (IL)10 is a pleiotropic cytokine that is highly conserved
among higher eukaryotes [Pestka et al. 2004] and that exerts ef-
fects on innate and adaptive immune cells. It inhibits cell-mediated
immune responses and promotes the humoral immune response
[Moore et al. 2001]. The primary effect of IL10 is to suppress cellular
immunity by inhibiting the synthesis of proinflammatory cytokines
such as IL1, IL6, interferon-y, and tumor necrosis factor (TNF)-o in
T cells, monocytes, and macrophages. IL10 has been identified in
GWAS as a risk allele for IBD. The biological function of IL10 is me-
diated by the IL10 receptor complex, which is a heterotetramer com-
plex comprised of IL10 receptor 1 (ILTOR1) and 2 (IL10R2) [Pestka et al.



2004]. IL10R1 is required for binding of the IL10 ligand, while IL10R2
is essential for signal transduction [Ding et al. 2001, Spencer et al.
1998].

The search for mutations in the IL10 signaling pathway initially re-
vealed four single-nucleotide polymorphisms in ILT0R1. One of these
variants exhibited defective inhibition of TNF-a production by mono-
cytes [Gasche et al. 2003].

Loss-of-function mutations in the /L70 gene and in its receptors ILT0R1
(IBD28) and IL10R2 (IBD25) were identified as being the cause of
VEO-IBD in several patients [Kotlarz et al. 2012]. During the first few
months of the disease, these children suffered from severe entero-
colitis, perianal abscesses, enterocutaneous fistulas, and chronic fol-
liculitis [Glocker et al. 2009]. These patients could be cured by bone
marrow transplantation [Kotlarz et al. 2012].

IL10R1 mutation (IBD28) OMIM 613148

This form of IBD presents during infancy as severe hemorrhagic colitis
together with perianal lesions. The cause was identified as homozy-
gous and linked heterozygous mutations in the /LTORA gene that
encodes IL10R1 [Glocker et al. 2009]. These mutations may impair
binding of IL10 to IL10R1T and inhibit ILTOR1 expression and STAT3
phosphorylation.

IL10R2 mutation (IBD25) OMIM 612567

This form of IBD also presents during infancy as severe hemorrhagic
colitis, and is clinically indistinguishable from mutation of IL10R1. The
cause was identified as homozygous and linked heterozygous muta-
tions in the /LTORB gene that encodes IL10R2 [Glocker et al. 2009].

Immune dysregulation, polyendocrinopathy, and
enteropathy, X-linked (IPEX) OMIM 304790

IPEX syndrome is an X-linked recessive immunodeficiency with an
onset in early childhood that is clinically characterized by severe diar-
rhea, type 1 diabetes, and eczema. Patients may also present with
hypothyroidism, autoimmune hemolytic anemia, thrombocytopenia,
lymphadenopathy, hepatitis, arthritis, and nephritis [Goulet et al.
1998]. In 2001, IPEX was shown to be caused by mutations in the
FOXP3 gene, which belongs to the group of forkhead/winged helix
transcription factors [Bennett et al. 2001, Wildin et al. 2001]. FOXP3
is primarily expressed by regulatory T cells. It is required for the main-
tenance of immune homeostasis and mediates tolerance to self
[d'Hennezel et al. 2012, Gambineri et al. 2003].
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Treatment of this disorder consists of immunosuppression of the auto-
immune manifestations or bone marrow transplantation [d’'Hennezel
et al. 2012].

Chronic granulomatous disease (CGD) OMIM 233670, 233690,
233700, 233710, 306400, 613960

Chronic granulomatous disease can manifest in patients from infancy
to adulthood and stems from an inability of granulocytes and mac-
rophages to kill bacteria and fungi that have been ingested by phago-
cytosis. Five separate subtypes of this disorder have been identified
which correlate with the five subtypes of NADPH oxidase. All sub-
types result in deficient NADPH oxidase activity that can be detect-
ed by tests for reduced granulocyte function [Roos & de Boer 2014].
These subtypes are inherited in an autosomal recessive or X-linked
manner and afflict 1-9/100,000 persons. Approximately 40% of
patients with granulomatous disease present with discontinuous
patterns of inflammation, some with perianal involvement and some
with epithelioid granulomas on histology. This disorder should be
ruled out as a potential important differential diagnosis for pediatric
CD [Marks et al. 2009].

Diagnosis of rare monogenic IBD

Rare monogenic diseases with primary immunodeficiency (PID) or
epithelial defects may potentially be missed in pediatric IBD patients,
as the phenotype of these disorders does not differ from that of pa-
tients with CD or UC. For this reason, patients with early-onset or
severe forms of these disorders should be examined for an immuno-
deficiency if other causes (e.g. celiac disease or allergic colitis) have
been excluded.

IBD should always be diagnosed according to the applicable guide-
lines (Porto criteria) [Levine et al. 2014] (see Chapter 7: Diagnosis).
Any additional findings which may be characteristic of immunode-
ficiency should be taken into consideration (Table 2/2). In patients
with abnormal findings, standard immunology diagnostic procedures
should be carried out (differential blood counts, immunoglobulins G,
A, M, and E, complement activity CH50) with immunophenotyping
(lymphocyte populations, leukocyte adhesion molecules CD18/CD11),
and HIV infection should also be excluded. Moreover, a specialized
laboratory can be contracted to exclude specific functional disorders:
for example, granulocyte function using an oxidative burst assay
(for granulomatous disease), XIAP expression (XIAP deficiency), detec-
tion of FOXP3+ regulatory T cells (IPEX syndrome), STAT3 phospho-
rylation or IL10 suppression test (IL10R mutation), MHC class Il ex-



pression (MHC class Il mutation). Any suspected diagnoses can then
be genetically confirmed using Sanger sequencing. Unfortunately,
functional tests are not available for all forms of PID-IBD. Alterna-
tively, genetic screening using genome and exome sequencing or
multigene panel sequencing may also be performed. Whole-exome
sequencing (WES) and targeted next-generation sequencing (TNGS)
are especially recommended for VEO-IBD and for severe forms of
IBD requiring treatment decisions with wide-reaching consequences
(e.g. colectomy, stem cell transplantation) [Charbit-Henrion et al.
2018, Christodoulou et al. 2013, Schwerd & Uhlig 2017, Uhlig et al.
2014]. These techniques can also be used to identify rare monogenic
diseases that were not detected by special functional diagnostic tests
[Charbit-Henrion et al. 2018]. These molecular techniques allowed
a genetic diagnosis to be made for 32% of the 207 patients with
severe VEO-IBD in the ESPGHAN-GENIUS cohort [Charbit-Henrion
et al. 2018]. Whenever a patient is diagnosed using genetic tech-
niques, functional tests should be performed to validate the diag-
nosis if possible.

Rare monogenic disorders with an IBD phenotype

Disease or deficiency | Gene

1. Epithelial defects

Dystrophic epidermolysis bullosa COL7A1

Kindler syndrome FERMT1

X-linked ectodermal dysplasia with immunodeficiency IKBKG

TTC7A deficiency TTC7A

ADAM17 deficiency ADAM17

Familial diarrhea syndrome GUCY2C, SLC9A3

Chronic enteropathy associated with SLCO2AT gene SLCO2A1

(CEAS)

NADPH oxidase-1 mutation NOXT1

Congenital Tufting enteropathy EPCAM

Microvillus inclusion disease (MVID) MYO5B

2. Phagocyte defects

Granulomatous disease CYBB, CYBA, NCFI,
NCF2, NCF4

Glycogen storage disease type Ib SLC37A4

Congenital neutropenia G6PC3

Leukocyte adhesion deficiency 1 ITGB2

3. Hyper- and autoinflammatory syndromes

Mevalonate kinase deficiency MVK

Phospholipase Cy2 mutation PLCG2
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NLRC4 mutation NLRC4

Familial Mediterranean fever MEFV

Familial hemophagocytic lymphohistiocytosis type 5 STXBP2

X-linked lymphoproliferative disease type 2 (XLP-2), XIAP

XIAP deficiency

X-linked lymphoproliferative disease type 1 (XLP-1) SH2D1A

Hermansky-Pudlak syndrome HPS1, HPS4, HPS6

TRIM22 deficiency TRIM22

Niemann-Pick syndrome type C1 NPCT1

Blau syndrome NOD2

4. T- and B-cell defects

Common variable immunodeficiency |COS, LRBA

IL21 deficiency IL21

CTLA4 deficiency CTLA4

Agammaglobulinemia BTK, PIK3R1

Hyper IgM syndrome CD40LG, AICDA

Wiskott-Aldrich syndrome (WAS) WAS gene

WAS-like syndrome ARPC1B

Atypical SCID/Omenn syndrome DCLRETC, ZAP70,
RAGT, RAG2, IL2RG,
LIG4, ADA, CD3G

Hayeraal-Hreidarsson syndrome DKC1, RTELT

Loeys-Dietz syndrome TGFBR1, TGFBR2

PI3K signaling pathway hyperactivation PIK3R1, PTEN,
PIK3CD

5. Immune dysregulation, polyendocrinopathy, enteropathy, and

autoimmunity

IPEX syndrome FOXP3

IPEX-like syndrome IL2RA, STATT, STAT3,
MALT1

6. IL10 signaling defects

IL10 and IL10 receptor defects ILTORA, IL10RB, IL10

7. Miscellaneous

MASP2 deficiency MASP2

Trichohepatoenteric syndrome SKIV2L, TTC37

POLAT deficiency POLAT

TGFB1 deficiency TGFB1

Enteric anendocrinosis NEUROG3

Table 2/1: IL = Interleukin; IPEX = Immune dysregulation, polyendocrinopathy, and enteropathy,
X-linked; SCID = Severe combined immunodeficiency (mod. from Schwerd & Uhlig 2017,
Uhlig et al. 2014, Uhlig et al. 2016). Genes are named according to the Human Genome
Organisation (HUGO) classification.



Findings indicative of primary immunodeficiency
(mod. from Schwerd & Uhlig 2017)

Very early-onset of IBD
up to age 6

An onset of disease at ages up to 6,
especially infantile IBD, are more likely
to be monogenic IBD

Positive family history
or consanguinity

Multiple family members or primarily male
family members afflicted (X-linked heredity)

Very severe phenotype of IBD,
particularly with perianal
involvement or fistulizing
disease

Severe perianal involvement with
fistulas/abscesses

Unusual findings by endoscopy

and histology

For example Behcet's disease-like ulcers,
high percentage of apoptotic epithelial cells,
no evidence of reactive lymphoid follicles,
villous atrophy in the absence of positive
celiac serology, infection, or allergic origin

Extensive granuloma formation

Does not respond to
conventional IBD treatments

No remission despite adequate therapy:
nutritional therapy, immunomodulators,
corticosteroids, biologics, etc.

Severe, invasive, or frequent
infections (gastrointestinal
tract and other organs),
atypical localization,

or atypical pathogens

Particularly in the lungs, skin, or ENT region;
liver abscess, infections with atypical
pathogens (Pneumocystis jirovecii, CMV,
BCG, mycobacteria)

Recurrent fever

In the absence of pathogens, polyserositis

Abnormal lymphoid organs

For example splenomegaly, lymph node
abscesses

Autoimmune disorders

Including arthritis, serositis, autoimmune
hemolytic anemia, endocrine dysfunction
such as diabetes, thyroiditis

Hemophagocytic lympho-
histiocytosis or macrophage
activation syndrome

Hemophagocytic lymphohistiocytosis
triggered by viral infections such as Epstein-
Barr virus (EBV) or cytomegalovirus (CMV)

Skin, hair, and nail lesions

For example eczema, blistering, thrombo-
cytopenic purpura, onychodystrophy,
trichorrhexis nodosa, folliculitis, pyoderma,
gray hair, split hairs

Cancer

Early cancers such as non-Hodgkin
lymphoma, skin cancer, thyroid cancer

Table 2/2: Findings associated with primary immunodeficiency
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3. Risk factors

Martin Classen

Genetics, diet, deficiencies

The incidence and prevalence of inflammatory bowel disease (IBD),
and especially of Crohn'’s disease (CD), are much greater in developed
Western countries than in the developing world. At the same time,
the incidence of IBD in developing countries rises when lifestyles in
those countries approach those of developed nations [Prideaux et al.
2012]. However, the incidence of IBD has also risen dramatically in
Europe over the past few decades, with the number of IBD patients
doubling over the last 20 years in France and Germany [Ghione et al.
2018].

Numerous potential explanations exist for this correlation. There is
evidence for the hypothesis that some dietary factors may have
pathogenic relevance (especially high consumption of meat, animal
protein, fat, and sugary foods) as these foods affect the composition of
the gut microbiome [Dolan & Chang 2017, Khalili et al. 2018, Statovci
et al 2017]. It has also been postulated that some ingredients in pro-
cessed foods, such as emulsifiers, preservatives, dyes, and nanopar-
ticles may be triggers [Roberts et al. 2013, Rogler et al. 2016].

Other dietary factors also affect the risk of IBD, with fiber, vegetari-
an diet, and omega-3 fatty acids all reducing the risk of the disease
(Figure 3/1).

A lower incidence of infections (particularly helminths and gastroen-
teritis), less exposure to bacterial antigens and toxins, and alterations
to the microbiome resulting from antibiotics and the method of
childbirth may also all play a role [Cholapranee & Ananthakrishnan
2016, Shouval & Rufo 2017]. Antibiotic treatment during childhood
increases the risk of developing CD, but not ulcerative colitis (UC)
[Ungaro et al. 2014].

Micronutrient deficiency

In recent years, a great deal of attention has been focused on the role
of vitamin D in IBD. The known north-south gradient in the preva-
lence of IBD within Europe and North America can be considered as
an epidemiological indication of this phenomenon [Holmes et al.
2015]. Furthermore, vitamin D influences NOD2 function [White
2018], enhances the epithelial barrier function, and affects adaptive
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Figure 3/1: Effects of diet (source: mod. from Lee et al. 2015). PUFA = Polyunsaturated fatty acids; MAMP =
Mucosa-associated molecular patterns.

immune responses. While IBD patients do have a higher prevalence
of vitamin D deficiency, this may also be a consequence of the disease
itself [Lu et al. 2015]. Polymorphisms in the vitamin D receptor may
explain the inconsistent data on this topic [Ananthakrishnan et al.
2015a].

Vitamin D deficiency is associated with greater morbidity and dis-
ease severity over the course of IBD [Kabbani et al. 2016]. Higher
levels of vitamin D are correlated with better quality of life and an in-
creased likelihood of response to anti-tumor necrosis factor (TNF)-o
antibody therapy [Gubatan et al. 2017, Hlavaty et al. 2014, Limketkai
et al. 2016], while lower levels of vitamin D are associated with a
higher rate of flares in UC patients.

No association is known between selenium or other micronutrients
and the pathogenesis of IBD. High levels of zinc intake by adult
women reduce the risk of CD but not of UC [Ananthakrishnan et al.
2015b]. Although zinc deficiency may occur as a consequence of
chronic diarrhea [Griffin et al. 2004], zinc intake does not appear to
affect the incidence of IBD in adults. Patients may need to be tested
for zinc deficiency over the course of the disease, as this condition
may negatively impact disease severity [Siva et al. 2017].
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Smoking

Although the data on the effects of smoking on IBD comes solely
from studies in adults, cigarette smoking is also relevant in children
and especially adolescents. Smoking increases the risk of both devel-
oping CD as well as having a more severe form of CD with greater
complications [Abegunde et al. 2016].

Genetics

Familial clustering of IBD has been known for some time. The gene-
tic risk depends on the familial proximity to a patient, with the risk
being highest for familial forms of CD, and twins at highest risk
within these families (Figure 3/2).

Genome-wide association studies have identified 163 genetic loci
associated with an elevated risk of IBD (see also Chapter 2: Unique
aspects in the pathophysiology of pediatric IBD). Some of these loci
are found only in patients with CD while others are found only in
patients with UC; only a small fraction of the loci are linked to both
disorders. Although the genes involved typically encode factors as-
sociated with immune pathologies, the majority of the mutations
identified do not alter the actual function of the corresponding pro-
tein. A high percentage of the hits are found in non-coding regions
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Figure 3/2: Familial risk of IBD (source: Moller et al. 2015)
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of genes and drive altered gene expression. No single genetic poly-
morphism alone can explain the etiology of IBD, rather, epigenetic
alterations and microbiome factors must also be involved. For these
reasons, genetic testing cannot contribute to the diagnosis of IBD at
present [Liu & Stappenbeck 2016, Ye & McGovern 2016].

A major exception to this rule is children with an infantile onset of
IBD (VEO-IBD), for whom monogenic disorders are highly relevant
[Charbit-Henrion et al. 2018] (see Chapter 2: Unique aspects in the
pathophysiology of pediatric IBD). Because targeted therapeutic
options are available for some of these monogenic disorders (e.g.
stem cell transplantation), and because immunosuppressants may
exacerbate some of these disorders, patients in this age cohort
must be tested for individual immune system functions and must
undergo genetic screening for known mutations [Uhlig et al. 2014]
(see Chapter 2: Unique aspects in the pathophysiology of pediatric
IBD, and Chapter 7: Diagnosis). This also holds true for severe forms
of the disease and for families with a high degree of disease pene-
trance.
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4. Epidemiology and the CEDATA-GPGE registry
Jan de Laffolie

Epidemiology

Currently, about 20% of the adults afflicted by the two primary
components of IBD, Crohn’s disease (CD) and ulcerative colitis (UC),
are diagnosed before the age of 20. This shift towards onset at
younger ages can also be observed within the pediatric population
[Benchimol et al. 2011, Kelsen & Baldassano 2008]. Although current
estimates calculate approximately 5—12 new cases per 100,000 chil-
dren and adolescents under the age of 18, recent analyses suggest
that the real figures are actually much higher. There are thought to
currently be at least 800—1,500 new cases of IBD per year among
the approximately 13.5 million children and adolescents in Germany
[Buderus et al. 2015].

The overall epidemiology of inflammatory bowel disease (IBD) is
especially characterized by an increasing incidence and prevalence
in developed countries and in recently developed countries with a
large urban segment [Benchimol et al. 2011].

The highest global prevalence rates among children, adolescents, and
adults have been reported in Western Europe and North America.
Between 28.2 (Bosnia and Herzegovina) and 322 (Hesse, Germany)/
100,000 residents are afflicted with CD, and between 43.1 and
412/100,000 residents with UC. In other words, the prevalence in
Hesse (as an example) has now exceeded 0.3%, meaning nearly 1 in
300 persons has the disease [Ng et al. 2018].

The incidence rates in Western Europe are reported to be between
1.85-10.5/100,000 residents for CD, and between 1.9-17.2/100,000
residents for UC. The North American figures are much higher at
6.3-23.82 for CD and 8.8-23.14 for UC. Increasing incidence (from an
initially low baseline) has also been reported in Asia and South Ame-
rica, with increases of 10-14% per year over the prior incidence [Hein
etal. 2014, Molodecky et al. 2012, Ng et al. 2018, Salkic et al. 2010].

The rate and the extent of the epidemiological changes vary greatly
[Lopez et al. 2018]. For example, Benchimol et al. reported increases
in the incidence rates of CD in Canada (Ontario province) from 9.5
to 11.4 per 100,000 per year over a period of 11 years (up to 2005)
[Benchimol et al. 2009]. However, the incidence of UC in this region re-
mained unchanged over the same time frame (4.1 to 4.2 per 100,000
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per year). An increase of up to 10-fold in the incidence of IBD was
reported for several regions of Australia over a 30-year period. An
11-fold increase in pediatric UC was also reported, with the increase
being the steepest during the previous two decades [Phavichitr et al.
2003].

The increased incidence observed across nearly the entire world
has also provided new impetus to the discussions about the patho-
genesis of these disorders and the opportunities for improving care
[Abramson et al. 2010, Benchimol et al. 2009, Benchimol et al. 2011,
Buderus et al. 2015].

While it is well-known that the incidence of IBD is greater among
urban populations, a recent study from Canada demonstrated that
this correlation with residential density is strongest among toddlers
< 5 years old, followed by children < 10 years old and then adoles-
cents, with no significant correlation to urban setting among adults
[Benchimol et al. 2017]. There was no difference in this study be-
tween CD and UC.

Nonetheless, there are limitations to the relevance of these effects
at the population level. Even the authors of the Canadian paper
speculated that the strong differences in incidence among young
children may be a reflection of differences in access to and utiliza-
tion of health care services in different settings.

Models of the etiology of IBD consistently define categories of ge-
netic factors, environmental factors (diet, nicotine for CD, etc.), and
gut microbiome factors, all of which interact to elicit a dysregulated
immune response.

Genetic factors are of greater importance in children whose symp-
toms emerge prior to the age of 6. These patients should be tested
specifically for genetic causes of their disease, with crucial differen-
tial diagnoses being undertaken to exclude other disorders whose
presentation may mimic that of IBD (see also Chapter 2: Unique as-
pects in the pathophysiology of pediatric IBD).

In contrast to the increasing incidence of IBD with ever-younger
ages of onset, epidemiological studies on VEO-IBD (very early-onset
inflammatory bowel disease = IBD with onset prior to age 6) have
demonstrated that the percentage of children who present at a very
early age has remained low yet constant, while the incidence of
symptomatic IBD among older children and adolescents is increasing
[Bequet et al. 2017].
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For example, data on immigrants from developing countries who
move to countries with urban, western lifestyles argues particularly
strongly in favor of a major environmental factor, whether it be diet,
lifestyle, air pollution, or antibiotic use [Ahuja & Tandon 2010, Malaty
et al. 2010, Pinsk et al. 2007, Schildkraut et al. 2013] (see also Chap-
ter 2: Unique aspects in the pathophysiology of pediatric IBD, and
Chapter 3: Risk factors). Studies have previously shown that contact
with farm animals and a rural lifestyle are protective factors [Radon
et al. 2007].

CEDATA-GPGE

In 2004, the German Society for Pediatric Gastroenterology and Nu-
trition (GPGE) initiated the CEDATA-GPGE® patient registry with the
objective of improving the quality of care for children and adoles-
cents with IBD. The registry fulfills this objective by systematically
collecting and evaluating treatment data.

Three institutions were involved in the establishment of this registry:
the Institute for Medical Informatics and Biometry at the Technical
University of Dresden, the Institute for Epidemiology at the Ludwig
Maximilian University of Munich, and the Department of General
Pediatrics and Neonatology at the Justus Liebig University of Giessen.

The database and the reporting procedures were reviewed and ap-
proved by all relevant ethics committees and data protection of-
ficers, and the participating institutes and hospitals in Austria were
granted approval by their local ethics committee.

Data is now being collected in anonymous form in a platform-inde-
pendent manner using a web-based system and the data is concur-
rently reviewed for medical plausibility. Feedback is also provided to
the reporting institutions on the quality and outcomes of treatment.
The registry has helped improve outcome parameters relevant to pa-
tients at the institutions participating in the registry. More informa-
tion and options for contacting and participating in the registry can
be found at the GPGE website (www.gpge.de).
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5. Symptoms and differential diagnoses
Stephan Buderus

Clinical symptoms

The most important and prominent gastrointestinal symptoms that
point to a diagnosis of inflammatory bowel disease (IBD) in children
and adolescents are abdominal pain and diarrhea as well as blood
in stool or bloody diarrhea. These symptoms may obviously also be
due to intestinal infections, but such infections should not persist
longer than 2-3 weeks, after which the patient should show clear
signs of improvement or be completely healed. In addition to ab-
dominal pain and diarrhea, the third classical clinical symptom of
Crohn’s disease is impaired weight gain or even weight loss.
However, the critical challenge for pediatricians (and other primary
care physicians with pediatric patients) is to identify patients who
very likely have IBD from among the high number of patients suffer-
ing from similar symptoms of other causes, and to do so in a rapid
and precise manner without the need for invasive procedures. Once
identified, such patients then require more specific and, indeed, in-
vasive diagnostic testing. A recent analysis of the German-language
pediatric IBD registry CEDATA-GPGE [Buderus et al. 2015] showed
that 58-79% of patients report abdominal pain at the time of diagno-
sis regardless of whether they are diagnosed with ulcerative colitis
(UQ), Crohn's disease (CD), or inflammatory bowel disease unclassi-
fied (IBDU). Between 66% and 90% of all patients suffer from diar-
rhea, with the highest rates among children < 10 years old with UC,
and the relatively lowest rates among children in this age group with
CD. There is a marked difference in the frequency of the symptom
“blood in stool” between the two disorders: Whereas the vast ma-
jority (85-95%) of all patients with colitis (both UC and IBDU) has
blood in stool, for CD only 47% of children < 10 years old and 33%
of older children report this symptom. In contrast, while a large per-
centage of CD patients suffer from impaired weight gain or weight
loss (64% of patients > 10 years old, 46% of younger patients); this
is the case for only 35-40% of UC patients. Approximately one-
quarter of CD patients report the related symptom of loss of appe-
tite compared with nearly 15% of UC patients. Several other inter-
national studies have reported similar frequencies of symptoms and
correlations with specific IBD diagnoses, which have also remained
“stable” over time [Bequet et al. 2017, Kughathasan et al. 2003,
Langholz et al. 1997, Sawczenko & Sandhu 2003]. In addition to
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gastrointestinal symptoms, IBD also involves extraintestinal symp-
toms and extraintestinal manifestations (EIM) [Timmer et al. 2011].
These symptoms may occur before (up to 30% of all EIMs!; Greuter
et al. 2017) or at diagnosis of IBD, or over the course of the disease.
These manifestations include quite non-specific symptoms such as
fever, fatigue, and/or reduced performance. All pediatricians must
thoroughly record and evaluate their patients’ developments in height
and weight using percentiles. IBD may present in pediatric patients
as a disorder of height and weight growth, and may be ob-
served as a rapid change in percentile or a drop in percentile.
The chronic inflammation may also lead to delayed puberty (see
Chapter 15: Growth and puberty).

Key elements in clinical gastroenterological examinations

Even a “basic” impression (by physician global assessment) of the pa-
tient may help steer a physician toward the diagnosis of IBD. A child
with abdominal pain who “really looks sick” will elicit a different
diagnostic approach and consultation than another child (or ad-
olescent) with the same symptoms who appears at first glance to
be rather healthy. Naturally, a basic global impression is never suffi-
cient. The specific examination must cover the entire body, particu-
larly including an inspection of the anogenital region. The oral mu-
cosa must be examined for possible mouth ulcers (patients should
also be asked about this while collecting their history). Swollen lips
with marked inflammation (with or without aphthae) may be due
to CD or to another rare form of IBD known as orofacial granu-
lomatosis. Abdominal palpation may reveal local pain on palpa-
tion and palpable guarding in the lower right abdomen caused
by Crohn'’s ileitis or Crohn'’s ileocolitis. Painful palpation or guarding
over affected sections of the gut is also typical of an UC flare. If the
anal inspection reveals perianal fistulas, these indicate a diagno-
sis of CD. Abscesses may also be observed in this region, and are a
conseguence of penetrating Crohn’s inflammation that may present
clinically as redness, overheating, and local pain on pressure. Small
anal skin tags and anal fissures may be observed with both CD
and UC. Large and obviously inflamed anal skin tags which are often
smeared with stool are typical of CD [Levine et al. 2014]. Whenever
IBD is suspected, the patient’s Tanner puberty stage should be
measured and recorded (age-appropriate? see above and Chapter 15:
Growth and puberty). The patient’s puberty stage should continue
to be recorded at regular intervals over the course of IBD treatment
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until the completion of puberty. IBD patients often appear pale dur-
ing examinations, a reflection of the fact that 30-75% of pediatric
IBD patients are also diagnosed with anemia [de Laffolie et al. 2017,
Sjoberg et al. 2014, Wiskin et al. 2012]. This common finding, which
is relevant for both diagnosis and treatment, is classified as an EIM
of IBD.

Other organ-specific symptoms or findings during
the diagnosis of IBD which may represent EIMs

According to various studies, either arthralgia (approximately 15—
20%) and/or arthritis (4—15%) are the most common EIMs. Both
can affect peripheral joints as well as the spinal cord, especially the
sacroiliac joint. The most common skin manifestation of IBD is ery-
thema nodosum, which may also present as a dermal symptom of
infection in the form of painful, round, blue-red, slightly raised, in-
durated rashes. Nearly 1% of patients have pyoderma gangreno-
sum. This is an ulcerating skin lesion that is often painful, at least
initially, and primarily affects the calves but may also be found at
other sites on the body. Ophthalmic disorders associated with IBD
include uveitis, iritis, and episcleritis. Potential hepatobiliary in-
volvement may range from elevated liver enzyme levels to au-
toimmune disorders of the liver and bile ducts (autoimmune
hepatitis, primary sclerosing cholangitis). Pancreatitis is also a
potential complication of IBD. Potential side effects of IBD medica-
tions (such as azathioprine) on the pancreas must also be taken into
consideration. Approximately 15% of patients present with the symp-
toms/findings of extraintestinal manifestations of IBD described here
at the time of their diagnosis, a rate which increases to 30% during
the first year of the disease [Dotson et al. 2010, Jose et al. 2009,
Timmer et al. 2011].

Differential diagnoses

As previously described, abdominal pain is one of the most common
symptoms experienced by children and adolescents, and is also in-
itially non-specific from a diagnostic perspective. The KiGGS study
conducted in Germany revealed that nearly 70% of 3-10 year olds
and nearly 60% of 11-17-year-old adolescents experienced abdom-
inal pain at least once in the prior 3 months [Schwille et al. 2009].
International studies have reported rates of 20-40% of all children
and adolescents suffering regularly from abdominal pain [Chitkara
et al. 2005, Hyams et al. 2016, van der Veek et al. 2010]. The most
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frequent, and thus most important, differential diagnosis for IBD is
functional abdominal pain disorders as classified by the Rome IV
criteria [Hyams et al. 2016]. This group of disorders can be differenti-
ated from IBD both by patient history and by clinical examination, and
by using additional simple, less invasive, and cost-effective laboratory
diagnostic methods (see Chapter 7: Diagnosis). Symptoms such as
diarrhea, anemia, reduced performance, etc. may be characteristics
of celiac disease as well as of IBD. For this reason, laboratory diag-
nostic testing should always include detection of immunoglobulin
(Ig)A antibodies to transglutaminase (and serum IgA levels). Fructose
malabsorption may be the cause of abdominal pain in the presence
or absence of diarrhea, particularly in infants but also in toddlers.
This condition is harmless and can be managed easily by education
and dietary modifications. The same holds true for lactose mal-
absorption, although this condition is typically only relevant for
children ages 6-10 and above depending on their personal dietary
patterns. The diagnostic options for both of these conditions in-
clude collecting the patient’s medical history and the possibility of
diagnostic fasting from the affected sugar followed by 2—-3 weeks
of observation, with the hydrogen breath test representing an ad-
ditional option when the proper equipment is accessible. As men-
tioned briefly above, it is advisable to rule out potential gastroin-
testinal infections during the initial phase of diagnosis. To this end,
stool samples should be tested for Salmonella, Shigella, Yersinia,
and Campylobacter spp. and for Clostridium difficile toxin. In-
fants and toddlers in particular should also be tested for gastrointes-
tinal viruses, even though they rarely cause symptoms lasting longer
than 14 days. Despite the fact that Giardia infection is typically
considered to only be a threat in foreign countries, infections also
occur in Germany with some frequency: As published by Sagebiel
et al., 62% of the 3,651 infections reported to the Robert Koch In-
stitute (RKI) in 2006 were acquired in Germany [Sagebiel et al. 2006].
For this reason, patients should be tested for this pathogen as a po-
tential differential diagnosis to IBD. It is also important to note that
detection of an infection does not necessarily rule out the possibility
of IBD, as IBD is sometimes triggered during an infection. The key
distinction is that a gastrointestinal infection will heal (with or with-
out treatment depending on the pathogen), after which it no longer
causes any symptoms.

Parents frequently ask their child’s physician whether the child’s symp-
toms might be due to a food allergy. This is typically not the case if
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the patient’s history does not provide a clear link between the symp-
toms and the ingestion of a specific food or food group (a tempo-
ral correlation between ingestion and reproducible onset of symp-
toms). However, in rare cases infants and toddlers may suffer from
a unique non-lgE-mediated form of food allergy known as FPIES
(food protein-induced enterocolitis syndrome), which may trigger
a clinical presentation that mimics VEO-IBD with diarrhea that is
often bloody, weight loss, and an overall impression of a sick child.
In most cases, cow milk proteins are the trigger for this allergic re-
action, although soy, egg, rice, and other protein sources have also
been implicated.

This list of potential differential diagnoses is not exhaustive, but
does cover the most clinically relevant conditions. Other differential
diagnoses are discussed in more detail in Chapter 7 on the diagno-
sis of IBD.
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6. Extraintestinal manifestations
Michael Melter

The topic of extraintestinal manifestations (EIMs) of inflammatory
bowel disease (IBD) is frequently and unjustifiably underestimated,
as up to 50% of adult IBD patients and up to 80% of pediatric IBD
patients (in older studies) have been reported to develop at least
one EIM [Stawarski et al. 2006].

According to one large multicenter registry, 6% of children and ad-
olescents with IBD had at least one EIM prior to diagnosis [Jose et al.
2009]. The only risk factor identified for EIMs in this study was age
(> 5 years old) [Jose et al. 2009]. Furthermore, nearly 20% of pa-
tients developed at least one EIM at a later time point (thus yielding
a total incidence of around 25%), while 3% developed a second EIM
and 1% a third [Jose et al. 2009]. The incidence of EIMs in the reg-
istry did not vary by the type of IBD (including indeterminate colitis),
age at diagnosis, or ethnicity [Jose et al. 2009]. A few studies have
reported that EIMs in adult (a)IBD are more prevalent in women,
while similar findings have not (yet) been demonstrated for pediatric
(p)IBD [Bernstein et al. 2001, Lakatos et al. 2003].

Different EIMs either correlate directly with the inflammatory activity
of pIBD, are dependent on it, and/or are directly treatment-emergent.

When evaluating the incidence rates of EIMs, it must be kept in
mind that EIMs which are not obviously apparent or clinically symp-
tomatic (e.g. pneumologic or hepatobiliary EIMs) may require active
“evaluation” to verify their presence. Consequently, many of the re-
ported incidence rates of EIMs must be interpreted as a “minimum
incidence” [Gregorio et al. 2001, Jose et al. 2009]. The most impor-
tant pIBD EIMs are listed in Table 6/1 (adapted from Daebritz et al.
2017) and are described below.

Musculoskeletal manifestations

Impaired growth is a common manifestation of pIBD. It may be ap-
parent even before the onset of intestinal symptoms and is often
the only symptom of the disease up to that point [Rabizadeh et al.
2013]. In studies and registries which do not include growth as an EIM,
musculoskeletal manifestations comprise approximately one-third of
all EIMs (approximately 25% joint symptoms, approximately 15% os-
teopenia/osteoporosis) [Jose et al. 2009, Stawarski et al. 2006]. Arthri-

tis is the most common EIM experienced prior to the diagnosis of pIBD.
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The pathogenesis of osteoporosis/osteopenia has not yet been com-
pletely elucidated, but it does lead to a reduction in maximum bone
mass in up to half of all pIBD patients [Thearle et al. 2000].

On the other hand, it is certain that these patients (may) develop
disorders of growth and bone mineralization even in the absence
of exposure to corticosteroids. The primary causal factors for these
pathologies are disease activity, dietary deficiencies (e.g. calcium, vita-
min D), low body mass index, insufficient physical activity, or — in
most cases — a combination of these factors, since all of them es-
sentially reflect disease activity and the management of disease ac-
tivity [Compston et al. 1987, Dubner et al. 2009, Pappa et al. 2011,
Thearle et al. 2000, Vestergaard 2004]. In other words, insufficient
control of disease activity is the most crucial predictor of an elevated
risk of bone fracture. No validated and reliable diagnostic methods
of detecting bone density in pIBD patients have been identified to
date [DeFilippis et al. 2016], and the data on treatment of this compli-
cation is also very meager. “Optimization” of dietary intake of calcium
and vitamin D as well as the implementation of a low-weight-bear-
ing exercise regimen have been proposed as the “primary therapy”
[Ma & Gordon 2012]. The utility of bisphosphonates in treating pIBD
has not been sufficiently studied, and consequently its use should
be considered only a case-by-case basis [Ma & Gordon 2012].

Any myopathy observed in pIBD patients is typically associated with
corticosteroid use.

Hepatobiliary manifestations

Up to 40% of pIBD patients have elevated levels of transaminases
and/or other hepatic laboratory parameters, at least transiently
[Pusateri et al. 2015]. Chronic hepatic pathologies associated with
IBD (see below) have been reported in approximately 10% of all
pIBD patients, and are initially associated with a major increase in
levels of transaminases (> 4-fold of the upper limit of normal) and/or
of gamma-glutamyl transferase (yGT, > 252 U/I) significantly more
often [Jose et al. 2009, Valentino et al. 2015]. The most central of
these pathologies are autoimmune liver diseases, which are much
more frequently observed in children and adolescents with IBD than
in adult IBD patients. Among these diseases, autoimmune sclerosing
cholangitis (ASC) and autoimmune hepatitis (AIH, primarily type 1)
are much more relevant than primary sclerosing cholangitis (PSC),
especially in younger patients (Figures 6/1 and 6/2). In contrast to

PSC, ASC is characterized histologically by extensive autoimmune
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Figure 6/1: Histology image of PSC with inflammatory infiltration in a portal triad, prolifer-
ation to a bile duct, and “onion skin” fibrosis around a bile duct (lower right side of panel)

Figure 6/2: Ultrasound image of an enlarged common hepatic duct with thickened walls
anterior to the portal vein in a patient with UC and PSC
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Figure 6/3: ERC with typical pathologies of PSC

inflammation with detectable autoantibodies (primarily anti-nuclear
antibodies [ANA] and smooth muscle antibodies [SMA]), hypergam-
maglobulinemia, and interface hepatitis. ASC cannot be differenti-
ated from type 1 AlH using these parameters alone [Gregorio et al.
2001, Mieli-Vergani & Vergani 2011]. On the other hand, perinuclear
anti-neutrophil cytoplasmic antibodies ()ANCA) can be detected in
about 75% of pASC patients. Because a non-trivial percentage of
pASC patients have mostly normal parameters of cholestasis (yGT,
alkaline phosphatase) and no histological signs of sclerosing chol-
angitis, yet are almost always seropositive for autoantibodies (see
above) [Gregorio et al. 2001], all pIBD patients with indications of
autoimmune liver disease should undergo both a liver biopsy and
cholangiography (magnetic resonance cholangiopancreatography
[MRCP] or endoscopic retrograde cholangiopancreatography [ERCP])
(Figure 6/3) [Gregorio et al. 2001, Mieli-Vergani & Vergani 2011].
Overall, the cumulative incidence of all forms of pediatric sclerosing
cholangitis (ASC, PSC) has been reported to be higher among pa-
tients with ulcerative colitis (UC) than with Crohn'’s disease [Jose et al.
2009]. In addition to autoimmune liver diseases, treatment-emergent
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hepatopathies are also a possibility that must be kept in mind for
IBD patients [Valentino et al. 2015]. Although the prevalence of
cholelithiasis has been reported to be higher for pIBD, in our clinical
experience this complication is only of minor importance.

Cutaneous/mucosal manifestations

Nearly 10% of all pIBD patients have at least one cutaneous/mucosal
manifestation [Jose et al. 2009]. Typical examples include erythema
nodosum, pyoderma gangrenosum, and psoriasis. Erythema nodo-
sum (Figure 6/4) presents as reddish-violet to yellowish-green granu-
loma formation on the shins, the knees, and the ankles, and only
rarely on the upper extremities or the buttocks, and is very painful.
Pyoderma gangrenosum (Figure 6/5) presents as deep and painful
ulcers, primarily in areas of prior trauma. More recent studies have
suggested that a much higher rate of cutaneous/mucosal manifes-
tations of up to 20% can be expected if the dermatological side
effects of anti-tumor necrosis factor drugs are defined as disease
manifestations [Malkénen et al. 2014, Perman et al. 2012]. In addi-
tion, pediatric patients with a certain genetic predisposition may de-
velop psoriasis as a reaction to infliximab therapy, although this drug
should only be discontinued if the skin reactions become severe
[Sherlock et al. 2013]. While it is known that alBD patients are at
higher risk of non-melanoma skin cancer when taking thiopurines,
and of melanoma when taking biologics, there is no evidence that
these findings also apply to pIBD patients [Andriole et al. 2009,
Ariyaratnam & Subramanian 2014, Borum et al. 2011, Ramiscal &
Brewer 2013, Singh et al. 2011]. Due to the elevated lifetime risk of
dermatosis and dermal malignancies, all patients should use ade-
guate sun protection and undergo dermatological screening at least
once per year [Beaugerie & ltzkowitz 2015, Mantzaris 2014, Ott &
Schoélmerich 2013].

Following arthritis, aphthous stomatitis is the second-most common
EIM experienced prior to diagnosis of pIBD, and has been observed
in about 14% of pIBD patients [Jose et al. 2009].

The presence of non-caseating granulomatous inflammation of the
skinis defined as “metastatic” CD (MCD), and is not directly “continu-
ous” with gastrointestinal tract inflammation [Mirheydar et al. 2014].
This manifestation has only been reported in a small number of pIBD
cases, in all of which it was described as urogenital metastasis of CD
[Siroy & Wasman 2012]. It presents as swelling, erythema, plaques,

fissures, and/or ulcers in the vulvovaginal or penoscrotal region, and
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Figure 6/4: Erythema nodosum on both lower legs

Figure 6/5: Pyoderma gangrenosum in a 16-year-old male patient with
severe manifestations of CD; status post ileostomy. Multiple pyoderma
gangrenosum foci on the skin of the abdomen.
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typically presents prior to the initial diagnosis of CD. MCD does not
correlate with the activity of the bowel disease [Rani et al. 2016].

Hematologic/thromboembolic manifestations

Anemia is a primary EIM in a large number of pIBD patients, with
nearly three-quarters of patients exhibiting this manifestation at the
time of their diagnosis [Gerasimidis et al. 2013]. The prevalence and
severity of anemia is greater for CD than UC, although the severity
typically correlates with the extent of colon inflammation in all forms
of IBD [Jose et al. 2009, Sjoberg et al. 2014]. Anemia is usually trig-
gered in pIBD by iron deficiency, which may also arise cumulative-
ly over the course of the disease as the body’s iron reserves are
poorly utilized due to the (chronic active) inflammation [Jose et al.
2009]. These two forms of anemia can be differentiated by meas-
uring levels of soluble transferrin receptor and serum ferritin [Skikne
et al. 2011]. The optimal dose and route of administration of iron
supplementation in pIBD are controversial, with comparative studies
showing no significant differences between the intravenous and oral
routes [Jose et al. 2009, Rizvi & Schoen 2011]. Intravenous adminis-
tration of iron is recommended for patients with elevated levels of
C-reactive protein [Stein & Dignass 2013].

More recent data have shown that folic acid and/or vitamin B, de-
ficiencies are uncommon at the time of pIBD diagnosis [Jose et al.
2009]. Nonetheless, the levels of these nutrients should be moni-
tored very closely whenever patients receive treatments which may
affect folic acid metabolism (such as methotrexate) or if the terminal
ileum is heavily involved or has been resected [Jose et al. 2009]. Se-
rum folic acid is the preferred method of measuring folic acid levels,
while serum methylmalonic acid and serum homocysteine are the
best method of determining vitamin B,, levels [Jose et al. 2009].

Numerous pathologies of the coagulation system are observed in
pIBD patients, with the prevalence of venous thromboembolism being
particularly high. Hypercoagulopathy is observed primarily, but not
exclusively, during periods of active inflammation [Baysoy et al. 2011].

Other extraintestinal manifestations

Ocular inflammatory disorders ([epi]scleritis, anterior uveitis),
papilledema, corneal infiltrates, and glaucoma have been observed
in approximately 7% of all pIBD patients [Jose et al. 2009]. At the
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same time, ophthalmic screening of asymptomatic pediatric patients
also reveals mild uveitis in about one-quarter of this group [Ottaviano
et al. 2018]. Boys with Crohn’s colitis are most frequently affected
[Ottaviano et al. 2018].

The urinary tract manifestations of IBD include nephrolithiasis
(primarily calcium oxalate stones) and obstructive uropathy.

The known pancreatic manifestations of pIBD are heterogeneous,
and the pathological mechanisms of these disorders remain mostly
unclear. In addition to pancreatic pathologies which are treatment-
emergent or triggered by granulomatous inflammation, acute, chron-
ic, and autoimmune pancreatitis have all been observed [Martin-de-
Carpi et al. 2017].

Bronchopulmonary manifestations have been described in < 1%
of alBD patients, with very few reports in pIBD patients [Inoue et al.
2017]. Because IBD and asthma are both triggered by similar under-
lying pathological mechanisms, an association between these condi-
tions seems likely. However, a study in pIBD patients without respira-
tory symptoms found no evidence of a significant link to pulmonary
disorders despite exhaustive investigation [Yammine et al. 2016]. In
contrast, one population-based case-control study demonstrated a
correlation between asthma and CD and early-onset pUC [Kuenzig
et al. 2017].

Pediatric IBD patients are at risk of psychiatric disorders, especially
during periods of flare. Of note, up to 25% of adolescents with IBD
exhibit signs of depression [Rufo et al. 2012, Szigethy et al. 2010].

Poorly-controlled pIBD (especially CD) can lead to delayed puberty,
including delayed menarche and even amenorrhea [Ballinger et al.
2003]. In cases of primary amenorrhea, it may be necessary to ex-
clude other causes such as Turner syndrome [Durusu et al. 2005].

Patients with pIBD have also been observed to have higher inci-
dences of amyloidosis or other forms of malignancy, although the
overall incidence rates of these disorders are very low in the pediat-
ric population.
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Musculoskeletal manifestations

— Growth retardation/delayed growth

— Arthropathy, arthritis (axial and peripheral)

— Osteoporosis/osteopenia, compression fractures
— Corticosteroid-induced myopathy

Delayed development/puberty
— Delayed menarche
— Amenorrhea

Hepatobiliary manifestations

— Elevated transaminases/yGT

— Primary sclerosing cholangitis (PSC)

— Autoimmune sclerosing cholangitis (ASC)
— Autoimmune hepatitis (AlH)

— Hepatic pathologies due to drug toxicity
— Gallstones

Cutaneous/mucosal manifestations
— Erythema nodosum

— Pyoderma gangrenosum

— Psoriasis

— Aphthous stomatitis

— ,Metastatic” Crohn's disease (MCD)
— Cutaneous malignancies

Ocular manifestations

— Inflammation ([epi]scleritis, anterior uveitis, inflammatory corneal infiltration)
— Papilledema

— Glaucoma

Urinary tract manifestations
— Nephrolithiasis (primarily calcium oxalate stones)
— Obstructive uropathy

Pancreatic manifestations
— Pancreatitis (acute, chronic, autoimmune)
— Granulomatous inflammatory pancreatic pathologies

Bronchopulmonary manifestations
— Asthma

Hematologic/thromboembolic manifestations
— Anemia
— Venous thromboembolism

Psychological manifestations
Unclassified EIMs

— Amyloidosis

- Malignancies

Table 6/1: Extraintestinal manifestations (EIMs) of pediatric IBD
(adapted from Daebritz et al. 2017)
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7. Diagnosis (including Porto criteria)
Stephan Buderus

The diagnosis of inflammatory bowel disease (IBD) — whether it
be Crohn'’s disease (CD), ulcerative colitis (UC), or IBD unclassified
(IBDU) —is made using a combination of the patient’s medical history,
clinical examination, laboratory testing, imaging of the gastrointes-
tinal (Gl) tract (magnetic resonance imaging, ultrasound, but rarely
computed tomography or conventional X-rays), as well as endoscopy
of the upper and lower Gl tract, including histological examination
of biopsy material from all regions of the Gl tract probed by endos-
copy [Levine et al. 2014]. It is crucial that differential diagnoses such
as acute or chronic Gl infections or immunodeficiencies be excluded
(or taken into consideration). The objective of diagnosis is to accu-
rately identify and describe the regions of the Gl tract which are
affected, meaning inflamed. Pediatric gastroenterologists use the
Paris classification to describe the pattern of inflammation, which
represents the phenotype of the disease [Levine et al. 2011].

Medical history and physical examination

The unique issues which need to be clarified in the medical history of
patients with suspected IBD have been described above. It is worth-
while to re-emphasize the importance of using percentiles to eval-
uate body weight and height, as interruptions or deviations (drops)
in these parameters from the child’s previous development may rep-
resent potential signs of chronic bowel inflammation which often
present months or years before fulminant disease itself. Delays in
puberty should be interpreted in a similar manner. Although IBD is
not an inherited disorder in the classical sense, it nonetheless ex-
hibits a certain degree of genetic predisposition. For this reason, the
history should always include questions about IBD among other
family members. For example, the CEDATA-GPGE registry described
previously [Buderus et al. 2015] reveals family linkage in 11% of cases
(IBDU < 10 years old) to 22% (CD < 10 years old). Parents should
also be queried as to whether they may potentially be consanguine
when diagnosing IBD, as this may represent a risk factor for the
presence of an immunodeficiency that may trigger chronic bowel
inflammation.

A complete physical examination — including inspection and palpa-
tion of the abdomen, evaluation and documentation of Tanner pu-

berty stage, examination of the oropharynx and oral mucosa (mouth
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ulcers), and inspection of the anal region (fissures, fistulas, skin tags,
abscesses) — is the clinical basis for all further diagnostic procedures.

Laboratory tests

Basic laboratory tests can be used to solidify or rule out suspicion
of IBD and to evaluate important differential diagnoses. These tests
should focus on blood, stool, and urine (urinalysis as a screening
baseline).

Blood tests

Blood counts may reveal anemia (see Chapter 5: Symptoms and
differential diagnoses; low hemoglobin, reduced mean corpuscular
volume [MCV], elevated red blood cell distribution width [RDW]),
while thrombocytosis may indicate chronic inflammation. The sero-
logical markers of inflammation ESR (erythrocyte sedimentation rate)
and CRP (C-reactive protein) are also key tests that should always
be performed. Elevated levels of either marker are potentially indic-
ative of IBD. However, one large study [Mack et al. 2007] reported
that these parameters (as well as serum albumin) were normal in
21% of all patients with mild CD and even in 54% of patients with
low-grade UC. Interestingly, the same parameters were also un-
remarkable in 3.8% of patients with moderate to severe CD and
4.3% of patients with moderate to severe UC. Hence, normal levels
of these parameters do not exclude IBD, while elevated levels do
warrant special attention and further diagnosis. Additional serolog-
ical diagnostic tests include total protein and/or serum albumin
(see above), ALT (alanine transaminase), YGT (gamma-glutamyl trans-
ferase), lipase, and creatinine. These parameters all help provide
indications of potential involvement by other organ systems. \When-
ever IBD is suspected, the major differential diagnosis of celiac dis-
ease must be excluded. This can be accomplished by measuring
levels of serum immunoglobulin (Ig)A and transglutaminase IgA
antibody titers. In patients with IgA deficiency, titers of deamidated
gliadin IgG antibodies must also be measured.

Diagnostic testing must be broadened for all patients who exhibit
any indications of immunodeficiency in their history or by clinical ex-
amination [Uhlig et al. 2014]: primarily by measuring immunoglobu-
lin A, E, G, and M levels, cellular immune profiling, and by neutrophil
oxidative burst testing (see also Chapter 2: Unique aspects in the
pathophysiology of pediatric IBD).
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Stool tests, fecal markers of inflammation

The development of tests for the fecal markers calprotectin and
lactoferrin feasible for use in routine diagnosis represented a gen-
uine milestone in the evaluation of potential gastrointestinal inflam-
mation. Both of these markers are glycoproteins that are present in
the granules of neutrophils and are secreted from these granules into
the intestinal mucosa during inflammatory responses [Kopylov et al.
2014]. Elevated levels of these markers indicate inflammation, while
normal levels reflect intact gut mucosa. The tests are thus particu-
larly well-suited for screening of patients experiencing abdominal
pain and diarrhea which may result from functional disorders (ir-
ritable bowel syndrome, functional abdominal pain, etc.) or IBD.
When used as an adjunct to the serum parameters listed above,
these markers can increase diagnostic sensitivity and specificity. The
paper containing the ESPGHAN 2014 guidelines [Levine et al. 2014]
cited a meta-analysis reporting a sensitivity of 97.8% for calpro-
tectin and a specificity of 68.2% for diagnosing IBD. In contrast, a
Dutch study [Holtman et al. 2017] investigated point-of-care tests
for calprotectin and lactoferrin both in the primary care setting and
in patients referred to pediatric gastroenterologists for further diag-
nosis. Screening performed solely in the primary care setting result-
ed in specificities of 95% (calprotectin) and 98% (lactoferrin), while
calprotectin and lactoferrin both had sensitivities of 94% in referral
patients, with specificities of 93% for calprotectin and a stellar 99%
for lactoferrin. The authors concluded that their data confirmed that
the use of fecal markers of inflammation can simplify the diagnosis
of IBD, and more importantly can allow treatment to be planned in a
more targeted manner. When using these tests, physicians must be
aware that the tests reflect “only” inflammation — in other words,
elevated lactoferrin or calprotectin levels do not indicate whether
inflammation is being triggered by an infection or by IBD. Juvenile
polyps are another important and frequent differential diagnosis
for patients with elevated calprotectin and lactoferrin levels. These
markers appear to be released from inflamed polyps whose surfaces
are often eroded, and may reach high levels in this event. Patients
with juvenile polyps typically visit their physician due to blood in
stool with or without abdominal pain.

Endoscopy

If the suspicion of IBD has solidified for a given patient based on the
results of the diagnostic tests described above (see Figure 7/1), the
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next and most important examination is an ileocolonoscopy. De-
pending on the macroscopic findings, > 2 biopsies must be collected
from each segment of the bowel from the ileum to the rectum for
histological examination [Levine et al. 2014]. An upper endoscopy
(esophagogastroduodenoscopy; EGD) is also a key component of the
recommended diagnostic endoscopy regimen as a means of evaluat-
ing the esophagus, stomach, and duodenum, and to collect biopsies
from each organ. The typical endoscopic characteristics of CD are
aphthous ulcers, skip lesions, a cobblestone pattern of the mucosal
surface, terminal ileitis, discontinuous inflammation, stenosis, and
aphthous ulcers and ulcerous lesions in the upper Gl tract. These
macroscopic findings point to a diagnosis of CD. In contrast, UC is
characterized by a continuous pattern of inflammation with variable
involvement from the rectum to the oral cavity and a dark red tinge
to mucosa with multiple, usually small, superficial erosions. The usual
delicate vascular pattern is disrupted or enhanced, and vessels are
exceedingly vulnerable upon contact or biopsy. In patients with pan-
colitis, backwash ileitis may occur, in which the mucosa in the ter-
minal ileum appears similar to the inflamed colonic mucosa in UC.
Continuous colitis with diminishing inflammatory activity from the
rectal origin to the most distal localization together with a terminal
ileum of normal macroscopic appearance and normal EGD findings
are all characteristics of UC.

The identification and definition of atypical UC was an important step
in the continuing development of the diagnosis and classification of
pediatric IBD. This diagnosis comprises macroscopic and histological
findings which do not meet the standard “textbook” criteria of UC:
namely, bowel inflammation restricted to the mucosa that is con-
tinuous and localized only in the colon (see Table 7/1).

The term rectal sparing describes normal macroscopic findings in
the rectum, while the inflammation typical of UC begins oral to the
rectum. However, it is necessary to detect inflammation typical of
UC by histology in order to diagnose this condition. A cecal patch
is a typical macroscopic presentation of UC in the cecum, and is
usually observed periappendiceal following the presence of a distal
segment of colon with no inflammation (thus breaking the rule that
"UC inflammation is always continuous”) (Figure 7/2). Severe forms
of UC may be described as transmural in a histological assessment.
If the disease was only very briefly active, the extent of inflamma-
tion may differ from one focus to the next by histology (focality is
usually otherwise a characteristic of CD). Typical and well-formed
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Patient with suspected IBD, for confirmation/exclusic

History
Physical examination findings, laboratory tes

especially serological and fecal markers of inflam

Ileocolonoscopy and EGD with biopsi
from all bowel segments examined
Typical UC Atypical UC
N

Consider!

Small bowel diagnostic tests:
MR enterography, video capsule endoscopy if neces

Path. small bowel findi
or further involvement ( Unremarkable

IBDU

Figure 7/1: Diagnostic algorithm for pediatric patients with suspected IBD — the Porto criteria
(source: mod. from Levine et al. 2014)

granulomas are a diagnostic indication of CD regardless of their
localization within the Gl tract. Therefore, this information should
always be requested specifically on a histology order form when IBD
is suspected.

The third subgroup of pediatric IBD is IBDU. This is an IBD which
cannot be classified as UC or CD based on findings from endos-
copy, histology, or imaging (see below). However, this diagnosis is
not a hand-waving diagnosis or for use when the clinician is uncer-
tain, but rather represents “genuine” IBD requiring medical man-
agement to the exact same extent as UC or CD. Since this disorder
manifests as colitis, treatment typically follows the same principles
as those used for UC (see Chapter 9: Treatment of ulcerative colitis).
The text of the Porto guideline describes detailed criteria and cate-
gories (“Classes”) which allow certain colitis findings to be classified
or ruled out as IBDU or CD (see Table 7/2). An English-language app
is now available (“IBD Classes”) which queries these criteria and re-

turns the diagnostic classification.
54



by inflamed cecal patch

Type Macroscopic appearance | Microscopic appearance
UC with rectal Rectum or rectosigmoid Microscopic inflammation
sparing unremarkable typical of UC

UC with cecal Typical colitis followed by Typical UC histology, “patch
patch normal segment followed biopsies” reveal non-specific

inflammation

Acute severe
colitis

Continuous inflammation
from rectum onward

Inflammation may be trans-
mural, fissuring ulcerations
possible, no lymphoid
aggregates, otherwise
typical UC histology

Very transient
colitis (usually
young patients!)

Continuous inflammation
from rectum onward,
possibly also rectal sparing

Signs of focality by histology
(instead of continuous
inflammation), disrupted
crypt architecture possibly
not (yet) visible

UC with involve-
ment of upper
Gl tract

Gastric erosions or small
gastric ulcerations, no
serpiginous or linear lesions

Diffuse focal gastritis

Table 7/1: Forms of atypical UC according to the 2014 revised Porto criteria
(mod. from Levine et al. 2014)

Figure 7/2: Atypical manifestations of UC with distal colitis and, here, cecal
patch (view of the opening of the appendix with surrounding inflammation)
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Imaging modalities

The diagnostic algorithm in the Porto guideline calls for potential
small bowel IBD involvement to be assessed during primary diagno-
sis of all pediatric patients using an appropriate examination tech-
nique, which in most cases is MR enterography (Sellink technique).
This technique allows the extent of gut inflammation to be evalu-
ated, both in terms of its length and of potential inflammatory wall
thickening, stenosis, and prestenotic dilatation. Moreover, magnetic
resonance imaging (MRI) is the technique of choice for visualizing
fistulas (in the lesser pelvis but also at enteroenteric localizations).
Although abdominal ultrasound — which in practice is performed
in nearly all children and adolescents prior to endoscopy — is valua-
ble as a screening method and for follow-up examinations, accord-
ing to the guideline its predictive power is not comparable to that
of MRI for primary diagnosis. Hydrosonography is an approach to
improving the value of a diagnosis. Similar to an MR enterography,
patients drink a weight-adjusted volume of polyethylene glycol solu-
tion prior to the examination. Filling the bowel allows the intestinal
walls to be visualized better, and wall thickness can be more easily
measured using high-frequency linear ultrasound transducers. The
administration of fluids can even help provide evidence of steno-
sis and prestenotic dilatations. This method is particularly well suit-
ed for evaluating the gut of young children or of patients who do
not tolerate the specific conditions of MR enterography, and can be
used both at the time of diagnosis as well as over the course of the
disease.

Video capsule endoscopy can also be used in some patients to
diagnose the small bowel. This method is particularly useful in pa-
tients with suspected CD that cannot be adequately confirmed or
excluded despite endoscopy, histology, and other imaging modal-
ities. “Typical” patients with this dilemma are those with isolated
small bowel Crohn’s that is localized outside of the normal “range”
of upper and lower endoscopy. Analyses of the pediatric IBD reg-
istries EUROKIDS [de Bie et al. 2012] and CEDATA-GPGE [Buderus
et al. 2015] have shown that this disease localization (Paris 4b, see
below) is rare and is only present in about 2.9-6.7% of newly diag-
nosed patients.
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Non-existent

— Fistulas (perianal or intra-abdominal)

— Small bowel wall thickening or other
signs of small bowel inflammation
(excluding backwash ileitis)

— Macroscopic and microscopic dis-
continuity of distribution of inflamma-
tion (exceptions: macroscopic rectal
sparing and cecal patch)

— Large, inflamed perianal skin tags

Frequency Finding/symptoms Diagnostic
in UC approach
Class 1: — Classical, well-formed granulomas CcD

Class 2:
Rare with UC
(< 5%)

— Complete rectal sparing (microscopic
and macroscopic), otherwise typical
UC findings

— Relevant growth delay (height velocity
< 2 SDS) not explained by other causes

— Transmural inflammation in the absence
of severe colitis

— Esophageal or duodenal ulcers or
aphthous ulcerations in the stomach
not explained by other causes
(e.g. Helicobacter pylori or NSAIDs)

— Positive ASCA and negative pANCA

— Reverse gradient of mucosal inflamma-
tion (i.e. colitis more severe proximal
than distal)

IBDU if at least one
class 2 criterion is
present

Class 3:
Uncommon
with UC
(approx. 5-10%)

— Severe scalloping/hypernodularity
of the mucosa of the stomach or the
duodenum not explained by other
causes (e.g. H. pylori, celiac disease)

— Non-bloody diarrhea

— Focal chronic duodenitis on multiple
biopsies

IBDU if at least
two to three
criteria are present

SDS = Standard deviation score; NSAIDs = Non-steroidal anti-inflammatory drugs

Table 7/2: Diagnostic criteria for children with untreated colitis at the time of diagnosis
(mod. from Levine et al. 2014)

Description of the localization of disease according to the
Paris classification [Levine et al. 2011]

A precise description of the regions of the gut affected by chronic
bowel inflammation is of practical importance both for diagnosis
and for medical therapy at the start and over the course of treat-
ment. The phenotype of the disease is relevant to the selection of
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medication, to risk stratification for the expected phenotype, and
to providing appropriate consultation to the patient and his or her
family. The Paris classification was developed by a committee of
pediatric experts based on the Montreal classification for adults
(see Figure 7/3). For UC (E1-E4 based on extent, E4 = pancolitis),
the item “severe disease” is also encoded as an additional category
(S1, when present). For CD (L1-L4), the classification contains more
dimensions and comprises the items of age (< 10 years old or older),
possible stenosis, fistulizing disease, perianal disease, and potential
delayed growth.

Paris classification of ulcerative colitis

E3=——m>
extensive
colitis distal
to hepatic
flexure

< E2=

left-sided colitis

E4=——>
pancolitis

proximal

to hepatic

flexure

E1=
Addendum: proctitis
SO:  never severe

S1:  sometimes severe

severe = PUCAI > 65

N

PUCAI = Pediatric Ulcerative Colitis Activity Index

Figure 7/3: Paris classification of pediatric IBD (source: Buderus et al. 2015; mod. from Levine
et al. 2011)
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Paris classification of Crohn’s disease

L4a =
involvement of
upper Gl tract above

ligament of Treitz

L3 = L4b =

terminal ileum involvement of

and colon upper Gl tract
distal to ligament

of Treitz and

proximal terminal

M= —> ileum

distal third L2 =

ileum + cecal Crohn’s colitis

involvement

Addenda: Addenda:

Ala: 0—< 10 years old B1:  no strictures,

Alb: 10-< 17 years old no fistula formation

A2: 17-40 years old B2:  stricturing

A3: > 40 years old B3: fistulizing

B2B3: stricturing or fistulizing,
concomitant or serially

p: perianal disease

GO:  without delayed growth

G1:  with delayed growth

Figure 7/3 continued

Additional diagnostic issues following diagnosis of IBD

All patients diagnosed with IBD should be screened routinely for
tuberculosis by intradermal skin test or interferon-gamma release
assay (IGRA). It is necessary to rule out the rare yet conceivable dif-
ferential diagnosis of tuberculosis due to both the potential future
need for immunosuppressant therapy and in order to diagnose CD.
Patients’ immunization history must be surveyed in detail in order to
identify and rectify any gaps in their vaccinations prior to initiating
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immunosuppressant therapy. If there is any doubt, the relevant
antibody titers should be measured. In terms of viral diseases, it
is recommended to test serology for cytomegalovirus (CMV) and
Epstein-Barr virus (EBV).

According to the Porto guideline, it may be advisable to measure
titers of the serological “markers” of anti-Saccharomyces cerevisiae
antibodies (ASCA; more typical of CD) and perinuclear anti-neutro-
phil cytoplasmic antibodies (p)ANCA; more typical of UC), especially
if it is otherwise proving difficult to differentiate between a diagno-
sis of CD or UC.

Another special group of IBD patients has been increasingly identi-
fied and characterized in recent years. These patients do not suffer
from the typical symptoms of IBD, but rather from chronic bowel
inflammation with a symptomatic presentation resembling that of
monogenic immunodeficiencies [Uhlig et al. 2014]. These patients
are typically children under the age of 6, and accordingly this group
of disorders has been summarized under the abbreviation VEO-IBD
(very early-onset inflammatory bowel disease). Early diagnosis of this
condition is key to avoid triggering complications by “normal” IBD
therapy due to a failure to recognize the immunodeficiency. Thank-
fully, bone marrow transplantation may prove to be a curative treat-
ment option for several of these disorders. Therefore, the authors
of the Porto guideline published a table summarizing the important
alarm signs and symptoms of immunodeficiency (see Table 7/3).

Positive family history of immunodeficiency

Consanguineous parents or more than 2 family members with early-onset IBD

Infantile IBD (< 2 years old)

Severe form of IBD, particularly with perianal/rectovaginal disease and/or
abscesses

Recurrent infections in the absence of immunosuppressants
(particularly lung and skin infections)

Neutropenia, thrombocytopenia, or abnormal immunoglobulin status (IgG)
in the absence of immunosuppressants

Nail dystrophy and hair and skin abnormalities (e.g. eczema)

Table 7/3: Alarm signs and symptoms of immunodeficiency (mod. from Levine et al. 2014)
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8. Treatment of Crohn’s disease

Martin Classen

When starting to plan a treatment strategy for patients diagnosed
with Crohn'’s disease (CD), physicians must attempt to predict the
patient’s disease activity and the corresponding phenotype and risk
of complications (especially for patients with penetrating or strictur-
ing phenotypes). These parameters must then be weighed against
the risks of treatment [Vernier-Massouille et al. 2008]. The high risk
of complications requiring surgical management, the risks of growth
retardation and impaired development, and especially the risk of im-
paired quality of life must be conveyed realistically to parents who
may be very worried. In contrast, while the potential risks of drugs,
especially immunomodulators and biologics, may occasionally ap-
pear imposing, their complications are actually fairly rare.

The following predictors of poor outcome (POPO criteria) may be used
to carefully formulate a prognosis. These criteria are not evidence-
based, but rather stem from the experience of the authors of the
ESPGHAN guideline [Ruemmele et al. 2014]:

— Deep colonic ulcerations on endoscopy (Figures 8/1 and 8/2)
— Persistent severe disease despite adequate induction therapy
— Stricturing or penetrating disease (B2 and/or B3) at diagnosis
— Severe perianal manifestations

— Extensive (pan-enteric) disease

— Marked growth retardation (height < 2.5 SDS)

— Severe osteoporosis

Additional prognostic indicators may include serological parame-
ters (e.g. ASCA), genetic markers, but also the pattern of inflamma-
tion. Multivariate analyses have identified small bowel involvement,
perianal involvement, and esophageal involvement as risk factors
[Mossop et al. 2008, Siegel et al. 2016].

The mandatory complete evaluation of the inflammation pattern
at diagnosis should be supplemented by an examination for any
possible extraintestinal manifestations, deficiencies, and growth or
development retardation. These factors must be incorporated into
treatment planning. A review by Daebritz et al. provides treatment

strategies in the form of an algorithm [Daebritz et al. 2017].
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Figures 8/1 and 8/2: Deep colonic ulcerations

Induction of remission

The first-line treatment for induction of remission is exclusive en-
teral nutrition (EEN) with a semi-elemental diet that can be drunk
or fed by nasogastric tube [Narula et al. 2018, Ruemmele et al. 2014].
This treatment strategy is described in detail in Chapter 11: Nutrition
and dietary therapy. It has the major advantage of being free of ad-
verse effects and capable of balancing protein energy malnutrition;
however, it imposes a burden on patients and reduces their quality
of life. Comparisons versus corticosteroids have confirmed that both
are of equal value [Connors et al. 2017, Grover & Lewindon 2015,
Grover et al. 2016].

Systemic corticosteroid therapy with prednisolone is an alterna-
tive available for induction of remission in children who reject EEN or
whose symptoms do not markedly improve within 2 weeks of EEN.
Although prednisolone is still considered a standard therapy along
with budesonide in adults, it should only be administered to children
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and adolescents in exceptional cases as it has major negative impacts
on growth and bone density, does not confer mucosal healing, and
because 14-50% of patients develop steroid dependence within 1 year
[Krupoves et al. 2011, Tung et al. 2006].

The ESPGHAN guideline recommends administering 1 mg/kg (max.
40 maq) in a single morning dose and tapering the drug over 10 weeks
according to the following regimen:

Week
1 2 3 4 5 6 7 8 9 10 "
40 40 30 30 25 25 20 15 10 5
35 35 30 30 25 20 15 15 10 5
30 30 30 25 20 15 15 10 10 5
25 25 25 20 20 15 15 10 5 5
20 20 20 15 15 12.5 10 7.5 5 2.5
15 15 15 12.5 10 10 7.5 7.5 5 2.5

Prednisolone
[mg]

o|lo|lo|lOo|O|O

Table 8/1: Prednisolone tapering regimen for CD (adapted from Ruemmele et al. 2014)

Corticosteroid therapy should be avoided in patients with fistulas,
as these drugs elevate the risk of this complication [Brueckner et
al. 2018]. Special considerations should be made for such patients,
and if needed anti-tumor necrosis factor (TNF)-o antibodies should
be administered to induce remission (see also Chapter 10: Surgical
treatment).

Oral extended-release budesonide may be tested in patients with
mild disease activity and isolated ileocecal involvement [Otley et al.
2012, Ruemmele et al. 2014]. Systemic adverse effects may also
afflict children with long-term use. Our own experience suggests
that the effectiveness of this drug is not sufficient in patients with
marked intestinal wall thickening.

Corticosteroids are not suitable for maintaining remission. Patients on
steroid therapy must be monitored for potential side effects [Aljebab
et al. 2017]. This particularly includes blood pressure checks, eye
examinations for early identification of cataracts and glaucoma, and
monitoring patient growth. Corticosteroids also increase the risk that
infections will be severe [Veereman-Wauters et al. 2012].

For patients whose primary manifestation is perianal fistulas and se-

vere disease course who have predictors of poor outcome and are
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resistant to corticosteroid therapy, anti-TNF-o. therapy may also
be discussed as a means of inducing remission (top-down strategy).
One study in adults has suggested that initiating anti-TNF therapy
within 2 years of diagnosis leads to a significant reduction in the
frequency of surgery versus initiating it at a later time point [Ma et al.
2017]. A study in children showed a significantly higher rate of remis-
sion when anti-TNF-o therapy was initiated early. It typically takes
2—-4 weeks until response can be evaluated.

Antibiotic therapy can also be used to reduce inflammatory activ-
ity, especially in patients with fistulizing disease but also in patients
with luminal CD [Su et al. 2015]. The data available on this strategy
in the pediatric population is relatively meager. Antibiotics are more
likely to be effective in patients with colonic involvement than those
with isolated small bowel disease. Experience has been reported us-
ing metronidazole (15-20 mg/kg in 2-3 single doses; oral or i.v.),
ciprofloxacin (15 mg/kg oral in 2 single doses), and third-generation
cephalosporins (e.g. cefotaxime 100 mg/kg, max. 2,000 mg in
3 single doses i.v.). For severe cases, an antibiotic targeting anaero-
bic bacteria can be combined with an antibiotic targeting gram-neg-
ative bacteria (the standard combination is metronidazole plus cip-
rofloxacin). The antibiotic rifaximin, which is poorly absorbed orally,
has also been proven effective in studies in adults [Prantera et al.
2012]. None of the antibiotics listed above have been formally ap-
proved for the treatment of pediatric CD.

Thiopurines have demonstrated the ability to induce remission in
studies in adults [Prefontaine et al. 2010]. However, due to the lack
of studies in children, the slow onset of the effects of thiopurines,
and their relatively low potency, they are not prescribed to children
for this indication [Ruemmele et al. 2014].

lleocecal resection may be discussed as an alternative to medical
therapy to induce remission in patients with isolated ileocecal in-
volvement.

In summary, the benefits and risks of the treatment options as well
as the preferences and acceptance level of the families must be
weighed at diagnosis or during acute flares of inflammation. Clear
treatment objectives should be defined.

The identification of micronutrient and vitamin deficiencies and
compensation of these deficiencies is an important adjunct meas-
ure at the time of diagnosis. However, clear recommendations for

measurement and supplementation are not available for all micro-
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nutrients [Miele et al. 2018]. Nonetheless, deficiencies are very com-
mon for vitamin D and iron in particular, with zinc deficiency also
often occurring in patients with protracted diarrhea [Hwang et al.
2012, Weisshof & Chermesh 2015, Yoon 2016]. All identified de-
ficiencies should be corrected due to the potential impact on the
course of the disease (data is available on the impact of vitamin D)
[Ananthakrishnan et al. 2013, Levin et al. 2011, Torki et al. 2015], on
growth, on bone density, and on quality of life [Bischoff et al. 2014,
Miele et al. 2018]. Intravenous iron supplementation in particular
has proven its worth [Bonovas et al. 2016, Dignass et al. 2010, Stein
et al. 2018].

Maintenance of remission

The guidelines and professional associations all agree that long-term
therapies which maintain remission should be the objective for all
pediatric patients, especially since the severity of the disease is usu-
ally worse in pediatric patients than in adults.

Only a very small percentage of patients is eligible for mesalazine
therapy to maintain remission, and then only in patients with iso-
lated colitis, no upper gastrointestinal (Gl) tract manifestations, and
mild disease activity [Ruemmele et al. 2014]. Due to its low fre-
quency of side effects, mesalazine is typically initiated at high doses
(50-75 mg/kg, max. 4 g/day).

If disease control is not achieved within several weeks, or if a second
course of corticosteroids is required, treatment with immunosup-
pressants must be started. Rectal plus oral administration of mesala-
zine can also be tested for certain patterns of inflammation (rectal
manifestation) to determine whether this approach is beneficial, as
is the case for ulcerative colitis.

Following successful induction of remission, partial enteral nu-
trition may be used to maintain remission [Schulman et al. 2017,
Tsertsvadze et al. 2015]. There is currently no evidence on whether
specific elimination diets have a similar effect.

Immunosuppressants. Before starting any immunomodulatory
therapy, the patient’s vaccination record must be reviewed and re-
plenished as needed (see also Chapter 13: Immunization of children
and adolescents with IBD), and chronic hepatitis B and tuberculosis
must be ruled out. The risk posed to children who contract Epstein-
Barr virus (EBV) during thiopurine therapy, and who are thus at ele-
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vated risk of lymphoma, is currently the topic of intense discussion
[Gordon et al. 2016, Nissen et al. 2015]. This topic is not mentioned
in any of the available guidelines. MTX therapy does not pose a
greater risk of lymphoma, and thus should be considered as an alter-
native for patients who are EBV-naive.

The key immunosuppressants and immunomodulators (IS) are
the thiopurines (azathioprine [AZA] and 6-mercaptopurine [6-MP])
and methotrexate (MTX). In light of the delayed onset of immuno-
suppressants, it is advisable to initiate their use early, preferably to-
gether with nutritional therapy, at the time of diagnosis [Ruemmele
et al. 2014]. There are only very few children and adolescents who
do not require an effective long-term therapy to maintain remission.
Physicians should always choose IS for patients with upper Gl tract
(esophagus, proximal small bowel) involvement, a tendency toward
stenosis, growth retardation, and evidence of high inflammatory ac-
tivity (high levels of inflammation parameters, erythema nodosum).
Infliximab is a better choice for patients with fistulizing disease.
IS should be used as a steroid-free therapy for maintenance of re-
mission [Doménech et al. 2008, Prefontaine et al. 2010, Ruemmele
et al. 2014]. Thiopurines should not be administered alone as induc
tion therapy.

The following practical aspects should be taken into consideration
when prescribing thiopurines. First, a therapeutic effect cannot be
expected until 8—14 weeks after starting therapy. AZA is admin-
istered at doses of 2-2.5 mg/kg, and 6-MP at 1-1.5 mg/kg. Both
drugs are initiated at the full dose provided that thiopurine methyl-
transferase (TPMT) testing reveals normal activity. Blood counts
and transaminase and lipase levels should be checked after 2 and
4 weeks and every 2 months thereafter. Therapy may be switched
to 6-MP if liver enzyme levels rise or if gastrointestinal or flu-like
symptoms appear. Pancreatitis occurring within 6 weeks of initia-
tion is dose-independent and requires cessation of therapy. Elevated
lipase levels may also be caused by the inflammatory bowel disease
itself, while typical thiopurine-induced pancreatitis triggers conven-
tional acute pancreatitis that improves rapidly following discontinua-
tion of the medication. In the event of elevated transaminase levels,
uncertain effectiveness, or uncertain adherence, measurement of the
levels of AZA metabolites (6-thioguanine nucleotide [6-TGN] and
6-methylmercaptopurine [6-MMP]) is recommended. Figure 8/3
shows the metabolism of azathioprine to its active metabolites.
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6-Thiouric acid

Active ingredients

Azathioprine/6-mercaptopurine: metabolism

Azathioprine Inhibition by
allopurinol
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6-Thioguanosine monophosphate

6-Thioguanosine diphosphate
6-Thioguanosine triphosphate
= 6-Thioguanine nucleotides

Optimize dosage by measuring drug levels

Figure 8/3: Metabolism of thiopurines
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Awareness of serum levels of the drug and its metabolites can help
optimize therapy and identify potential non-adherence. Table 8/2
provides an overview of which measures can be taken based on se-
rum levels and treatment response.

If thiopurines are not tolerated or not effective, low-dose pulse
methotrexate (MTX) can be administered as an alternative that
is typically equivalent in value [Ruemmele et al. 2014]. The num-
ber of studies on MTX is much lower than that for thiopurines
[Scherkenbach & Stumpf 2016], and consequently experience from
the field of rheumatology should be used as a practical guide. MTX
may be selected as primary maintenance therapy or in the event of
thiopurine failure. Some patients who do not achieve remission on
thiopurines respond well to MTX (and vice versa!). However, patients
of both sexes must be informed about the need to practice effec-
tive methods of contraception. MTX is administered at a dosage of
15 mg/m?2 subcutaneously once per week (max. 25 mg), and auto-
injectors are now available. The bioavailability of the drug fluctuates
when administered orally, and consequently this route is not recom-




6-TGN
(pmol/8 x 10®
RBC)

6-MMP
(pmol/8 x 10®
RBC)

Dose-
dependent
adverse event

Interpretation

Recommendation

but weak thera-
peutic effects

Low Low—normal Ineffective Underdosing Increase adherence

(< 230) (< 5,700) or low or thiopurine dose
adherence

Low High (> 5,700) | Hepatotoxicity | TPMT hyper- Consider allopurinol

(< 230) and others, metabolizers co-treatment and dose

reduction to 25-33%
of standard dose,
or change medication

Therapeutic

Normal or high

Weak effects,

Therapy failure

If clinically resistant,

(230-450) but hepato- change drug category
toxicity
and others
High Normal Myelo- Low TPMT Switch type of immuno-
(>450) suppression activity modulation if homozy-
(heterozygote | gote (or absent TMPT
or homozygote) | activity) or reduce dose
to half if heterozygote
(or moderately low TPMT
activity)
High High Myelo- Overdose Reduce dose and if
suppression clinically resistant,
and hepato- change drug category
toxicity

Table 8/2: Dose optimization based on thiopurine metabolites (source: mod. from Ruemmele et al. 2014).

mended. It may be advisable to administer ondansetron 1 hour prior
to the MTX dose in patients with severe nausea. Patients should
then take 5 mg oral folic acid on the following day. If stable remis-
sion is achieved, the MTX dose may be reduced to 10 mg/m2 per
week after several months.

All patients currently or previously receiving immunosuppressants
should be advised to consistently use sun protection.

Biologics. Biologics play a central role in the treatment of CD, not
only because of their high therapeutic potency but also due to their
risks and the development of intolerance. Only the two anti-TNF-a
antibodies infliximab (IFX) and adalimumab (ADA) have been ap-
proved for pediatric CD. Although adults can be prescribed vedo-
lizumab and ustekinumab, experience with these agents in children
is limited and they are not approved for this indication.
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In addition to combinations of antibiotics, thiopurines/MTX, and sur-
gery, early therapy with a biologic agent should also be considered
for patients with fistulizing disease (see below). Early biologic
therapy should also be considered as an adjunct to nutritional thera-
py for patients with extensive disease involvement, severe osteopo-
rosis, inflamed stenosis, deep ulcerations, growth retardation/failure
to thrive, delayed puberty, and perianal pathologies. Biologics can
be used in these patients both to induce and to maintain remission
[deBruyn et al. 2018, Ruemmele et al. 2014, Walters et al. 2014].

To date, no controlled studies have compared the efficacy of the two
anti-TNF-o antibodies; however, studies in adults suggest that their
efficacies are comparable [Doecke et al. 2017]. Hence, the choice
from among these two drugs should be made from the perspectives
of practicability and of the family’s requests. It may then be advisable
to switch patients with primary non-response, loss of response,
or severe adverse effects to the other anti-TNF-o antibody. Combin-
ing IFX in particular with an immunomodulator may be advisable to
prevent the development of neutralizing antibodies [Cozijnsen et al.
2015, Day et al. 2018, Doecke et al. 2017, Dulai et al. 2014]. Patients’
EBV status should also be taken into account (see above).

Trough levels and antibody levels should be monitored during the
course of therapy, especially in patients with loss of response [Barnes
& Allegretti 2016]. In the event of secondary loss of response, the
therapeutic options (dose escalation and/or shorter intervals) for the
drug currently in use should first be exhausted before switching to
another agent. Should the loss of response be due to the produc-
tion of anti-IFX antibodies, administration of thiopurines or MTX
may suppress the production of these anti-IFX antibodies.

Duration of remission maintenance therapy

Therapy with immunomodulators or biologics should be continued as
long-term therapy (at least several years) if demonstrated effective.
Cessation of therapy may be considered in the following situations:

— In patients with several years of steroid-free complete remission,
— After a risk/benefit discussion with the patient,

— If growth and puberty are complete [Ruemmele et al. 2014].
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The risk of relapse is lower in patients without mucosal inflammation,
which can be confirmed by endoscopy, calprotectin levels, and mag-
netic resonance imaging (MRI)/capsule endoscopy. However, normal
blood counts are not sufficient for this task!

Failure of standard therapy

The following explanations must always be considered when treat-
ment fails:

— Non-adherence (common among adolescents)

— Infections (esp. with Clostridium difficile and cytomegalovirus in
patients with immunosuppression)

— Change in pattern of inflammation
— Development of antibodies against the medications used
— Development of stenosis, fistulas, and abscesses

A re-evaluation may be advisable in many cases of resistance to
therapy.

Consulting an experienced pediatric gastroenterologist has proven
to be helpful for difficult cases (www.gpge.de). It may also be help-
ful to switch to a new drug or to a surgical intervention (resection,
protective ileostomy). Medications which have not yet been ap-
proved for this indication, such as tacrolimus or even the “new” bio-
logics such as vedolizumab or ustekinumab, may be other options.

Special considerations for perianal fistulizing disease
[Gecse et al. 2014, de Zoeten et al. 2013]

In the CEDATA-GPGE registry, 2.1% of pediatric patients have pen-
etrating, fistulizing disease (B3), while 11.5% have perianal pathol-
ogies with deep fissures, fistulas, or abscesses [Buderus et al. 2015].
The prevalence of anal pathologies depends on the pattern of in-
flammation [Adler et al. 2017]. To date, no prospective studies have
investigated antibiotic treatment of fistulas in children, although adult
studies have shown ciprofloxacin plus metronidazole to be effective.
The combination of ciprofloxacin plus IFX may increase the rate of
remission [Freire et al. 2011].

In one study, the rates of fistula healing were 54% with AZA/6-MP
versus 21% in the placebo group [Korelitz & Present 1985]. Historical
study data is also available on tacrolimus (one placebo-controlled
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study with 46 patients: 43% response vs. 8% with placebo; Sandborn
et al. 2003). Post-hoc analysis of the prospective evaluation of IFX
in children [Crandall et al. 2009] and prospective data on the use
of ADA [Ruemmele et al. 2018] showed beneficial effects on the
closure of perianal fistula. There are several retrospective studies
demonstrating these effects. Therefore, top-down strategy in cases
with manifestation of perianal fistula at diagnosis is recommended
[Ruemmele et al. 2014]. In conclusion, the combination of biologics
(or alternatively IS) with antibiotics and surgery is the primary strate-
gy for treating children with perianal fistulizing CD.
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9. Treatment of ulcerative colitis
Stephan Buderus

Objectives of treatment

From the perspective of sick patients and their families, the primary
objective of treatment is clear: completely eradicating the symptoms
of ulcerative colitis (UC), primarily bloody and painful diarrhea, as
rapidly as possible by medical (or possibly even surgical) treatment.
These children and adolescents want to return to their normal lives
as quickly as possible — they want to get back to school, sports
practice, and their other recreational activities as soon as they can.
Following induction, remission should be maintained for as long as
possible, which ideally means that “disease flares” occur only rare-
ly or not at all. However, when viewed more closely, the demands
placed on an optimal therapy have many different layers. Most ex-
perts plan therapies to induce and maintain remission in a manner
that provides the greatest likelihood of achieving mucosal healing.
According to the most common pathophysiological concepts of the
disease, effective blockage of the inflammation process can lead to
the healing of intestinal inflammation, which in turn leads to an over-
all intact mucosal surface and barrier. The adverse effects of treat-
ment should be avoided to the greatest extent possible, and regu-
lar long-term monitoring of UC inflammation can also help prevent
cancer development. Any relevant nutritional deficiencies — such as
iron, other trace elements (e.g. zinc), vitamins (e.g. vitamin D), or
low body weight in patients whose disease is severe and protracted
prior to diagnosis — should be remedied, preferably at the start of
treatment.

Examples of factors which are relevant to the treatment decision
include the issue of whether the UC is newly diagnosed or relapsing,
the extent of the disease (see Paris classification), the severity of the
inflammation, and any prior medical treatments. The severity of dis-
ease should be evaluated by incorporating both endoscopic findings
(macroscopic impression and extent of inflammatory mucosal pathol-
ogies and histological examination of the same), serological findings
(ESR, CRP, Hb, thrombocytosis), and fecal markers of inflammation
(calprotectin or lactoferrin). Clinical aspects such as global health
status, fever, potential weight loss or low body weight, and imaging
findings such as possible inflammatory wall thickening or dilation (dia-
meter) of the colon are also relevant. The PUCAI (Pediatric Ulcerative

Colitis Activity Index; Turner et al. 2007) allows the disease to be
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classified into inactive, mild, moderate, and severe disease activity
using six items which are easy to survey and assess (see Table 9/1),
and its regular usage has proven to be an effective tool. The index’s
scores — which range from a minimum of 0 to a maximum of
85 points — have been shown to be well-correlated with endoscopic
findings. It is recommended that the PUCAI be administered rou-
tinely in the care and treatment of UC patients, and should even be
calculated daily for patients with acute severe colitis (PUCAI > 65).
In accordance with the guidelines [Turner et al. 2018a, Turner et al.
2018b], changes in PUCAI score should be the basis on which treat-
ment decisions are made or recommended.

The current evidence-based guidelines addressing the treatment
of UC in detail are the DGVS (German Society for Digestive and
Metabolic Diseases) guideline [Kucharzik et al. 2018], which were
compiled in collaboration with the GPGE, and the two-part specific
pediatric guideline (ambulatory care and acute severe colitis) by the
ESPGHAN/ECCO [Turner et al. 2018a, Turner et al. 2018b].

The most important aspects in the treatment of UC will be discussed
briefly below, while more detailed information can be found in other
sources, including the current guidelines cited here.

5-Aminosalicylates (5-ASA), oral and rectal. Oral 5-aminosalicy-
lates (5-ASA) are the first-line treatment for induction and main-
tenance of remission in patients with mild to moderate UC.
A combination of oral and rectal administration has proven more
effective than oral therapy alone. If patients do not clearly respond
after 2-3 weeks of treatment, it is recommended that treatment be
intensified (e.g. by adjunct administration of prednisolone).

Because isolated proctitis (E1) and limited left-sided colitis (E2) are
rare manifestations in pediatric UC, there are very few children and
adolescents eligible for local rectal therapy alone. Mesalazine should
be preferred to local corticosteroids for rectal therapy of UC due to
its superior effectiveness.

Mesalazine is administered orally at a dose of 60-80 mg/kg BW/day
(one pediatric study even investigated high-dose therapy of up to
118 mg/kg BW/day, which did not yield any superior treatment out-
comes) up to a maximum dose of 4.8 g per day. Mesalazine is ad-
ministered rectally at a daily dose starting at 25 mg/kg, typically
either up to 1 g or maximum 2 g per day. Suppositories are also
available at different strengths up to 1 g for very distal inflamma-

tion. The 2012 ESPGHAN/ECCO guidelines also mention that, when
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Symptom Points

1 Abdominal pain
No
Yes, but can be ignored

Yes, cannot be ignored 10
2 Rectal bleeding

No 0

Yes, but small amount only, in < 50% of stools 10
Yes, small amount with most stools 20
Large amount (> 50% of the stool content) 30

3 Stool consistency of most stools

Formed

Partially formed

Completely unformed 10

4 Number of stools per 24 hours

0-2 0
3-5 5
6-8 10
>8 15

5 Nocturnal stools
(any episode causing wakening)

No 0
Yes 10
6 Activity level

No limitation of activity 0

Occasional limitation of activity

Severely restricted activity 10

Maximum PUCAI score: 85 points

Activity categories: Treatment response:
Remission/inactive: < 10 Low: > 10

Mild: 10-34 Moderate > 20
Moderate: 35-64 High: > 35

Severe: > 65

Table 9/1: PUCAI = Pediatric Ulcerative Colitis Activity Index
(adapted from Turner et al. 2007)
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prescribed as combination therapy, the total mesalazine dose should
typically not exceed 150% of the maximum oral dose, and that the
maximum total dose for adults is 6.4 g per day [Turner et al. 2012].
When prescribing mesalazine as oral therapy, various extended-re-
lease formulations (granules, extended-release tablets) may pro-
mote adherence to therapy by permitting a single dose per day.
Pediatric studies have shown that remission rates of 35-55% (as
measured by the PUCAI) can be expected with mesalazine mono-
therapy. The “well-known" drug sulfasalazine is also available as an
alternative. The dose of this agent is 40-70 mg/kg BW/day, with a
maximum dose of 4 g per day. Increasing the dose in a stepwise
manner up to the final dose over a period of 1-2 weeks may im-
prove the tolerability of sulfasalazine. Although sulfasalazine is at
least as effective as mesalazine at treating colitis, mesalazine is better
tolerated overall (fewer headaches and gastrointestinal symptoms).
Sulfasalazine is clearly indicated in patients with IBD-related joint
pain or arthritis, as it specifically targets these symptoms while me-
salazine does not. This class of drugs is very safe overall. Side effects,
especially severe side effects, are rare. These side effects may in-
clude headaches, skin rash, gastrointestinal symptoms, pancreatitis,
pericarditis, nephritis, myocarditis, myalgia, arthralgia, myelotoxicity,
and elevated liver enzyme levels. It is recommended that the appro-
priate laboratory parameters be measured at least once or twice per
year in patients on long-term therapy.

Steroids (prednisone, prednisolone). Corticosteroids are indicated
for the induction of remission. They should be prescribed in oral
form to patients with mild or moderate UC who have failed 5-ASA
treatment. Steroids may also be administered as first-line agents for
patients with more pronounced forms with moderate disease activity.
For patients with severe UC (PUCAI > 65), it is recommended that
prednisolone be administered intravenously at least until response
is detectable. Patients may then switch to oral therapy if desired.
Selected patients (good overall clinical condition, no high levels of
inflammation markers) may also be switched to oral therapy at a
PUCAI of 65 on a case-by-case basis. As with Crohn'’s disease (CD),
the dose of prednisolone is 1 mg/kg BW/day, typically as a single
dose in the morning, with a maximum dose of 40 mg per day (with
exceptions permitted). A dose reduction should be scheduled after
2-3 weeks (see regimen in Chapter 8: Treatment of Crohn’s disease),
resulting in a total of about 12 weeks of treatment. The rates of
induction of remission within 3 months are 50—-64% with oral cor-

ticosteroid therapy. Steroids are not used to maintain remission.
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There is a relatively high likelihood that side effects will emerge over
the course of corticosteroid therapy, including increased appetite,
weight gain, steroid acne, mood swings, leukocytosis, etc. Most of
these side effects are reversible by dose reduction or discontinua-
tion. It must be kept in mind that corticosteroids may also have im-
munosuppressive effects at the doses described here. This requires
extra vigilance by patients and physicians in order to prevent infec-
tions and to diagnose and treat any infections which do occur as
rapidly as possible. Ophthalmic complications may also result from
corticosteroid therapy (elevated intraocular pressure, glaucoma, cata-
ract), and hence IBD patients receiving corticosteroid therapy should
speak with a proper specialist on this topic. For selected pa-
tients (with mild UC who did not adequately respond to 5-ASA), a
treatment attempt may be initiated with the topical corticosteroid
budesonide (at a dose of 9 mg once daily) in an appropriate formu-
lation (e.g. extended-release in colon) prior to starting prednisolone/
prednisone, provided that patients are informed that there is cur-
rently insufficient experience on the use of this drug in the pediat-
ric population according to its Summary of Product Characteristics.
The advantage of this 8-week therapy is the fact that it triggers far
fewer steroid-associated side effects. The ESPGHAN guideline also
points out that even the evidence in adults is only adequate for the
treatment of patients with left-sided colitis.

Patients are said to have steroid resistance or steroid dependence if
they are not able to reduce their dose of corticosteroids or to discon-
tinue their corticosteroids without a relapse of colitis within 3 months.
Patients who need to resume corticosteroid therapy within 3 months
of discontinuing them (i.e. early relapse of UC) are also classified as
being steroid-resistant. This scenario is observed in up to 45% of
pediatric UC patients (compared with approximately 8% of adults).

A scenario of this sort is also an indication for the use of thiopurines
(usually azathioprine [AZA] in German-speaking countries and in the
rest of Europe, but more often 6-mercaptopurine [6-MP] in North
America). This immunosuppressant is indicated for long-term main-
tenance of remission if 5-ASA is inadequate despite an optimized
dose and combined oral and rectal administration, or in patients with
rare 5-ASA intolerance. Inadequate response is characterized as two
or more UC flares per year. AZA can also be used as first-line therapy
following acute severe UC (PUCAI > 65).

A dose of 2-2.5(-3) mg AZA/kg/day (or 1-1.5 mg 6-MP/kg/day) is

administered. It may be useful to characterize the genotype or phe-
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notype of thiopurine methyltransferase (TPMT), which is the enzyme
responsible for metabolizing AZA. This may provide early identifica-
tion of patients with low or no enzyme activity, who are thus at an
elevated or high risk of myelosuppression. Measurement of 6-thio-
guanine (6-TGN; active substance) levels can help monitor whether
effective levels have been achieved, while measuring 6-methylmer-
captopurine (6-MMP; metabolite) levels can indicate whether hepa-
totoxicity is expected. Low levels may also be an indication that pa-
tients are not taking their medication regularly (poor adherence to
therapy) despite being at a “good dose”. When planning therapy,
it must be kept in mind that it may take 10-12 weeks before AZA
exerts its full effects. However, if inflammation control is still not
successful or detectable after this time and after effective levels of
the drug have been attained, other therapeutic alternatives need to
be considered. Patients must be informed of the need to consistently
use sun protection during treatment. A very rare but potentially
life-threatening complication of AZA therapy is the development of
hepatosplenic T-cell ymphoma (HSTCL), which afflicts adolescent
males in particular. A negative Epstein-Barr virus (EBV) status prior
to the start of treatment also appears to be a risk factor. These
risks must be discussed in detail with the patient before starting
treatment. Please refer to Chapter 8 on treatment of CD for more
information on side effects and required laboratory tests. AZA is in-
dicated for long-term treatment (meaning over the course of years)
if it proves to be effective at maintaining remission. Before consider-
ing discontinuation of AZA, the UC patient’s disease activity should
be re-evaluated, including recommended renewed endoscopy with
biopsy removal and histology. The current guideline recommends
“complete mucosal healing” as a prerequisite for discontinuation.

In contrast to the treatment of CD, methotrexate (MTX) is only of
minor importance for the treatment of UC and is not considered to
be part of the standard therapeutic repertoire. However, it may be
an option in rare cases of failure on or intolerance to AZA therapy.

Probiotics (Escherichia coli Nissle or the VSL#3 preparation of mul-
tiple strains, if available) may be considered for the treatment of UC
patients with mild disease activity as an adjunct to 5-ASA or as an
alternative for patients intolerant to 5-ASA.

Biologics (antibody-based therapies) are indicated for patients for
whom induction of remission fails despite optimized 5-ASA and
immunosuppressant therapy, patients who have frequent flares,

or patients with primary steroid resistance. The only drug currently
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approved for the treatment of UC in children (ages 6 and older) and
adolescents in addition to adults remains the anti-tumor necrosis
factor (TNF)-a antibody infliximab (IFX). The dose of IFX is 5 mg/kg
BW i.v. at time points O and after 2 and 4 weeks, and every 8 weeks
thereafter. However, recent experience suggests that UC patients in
particular may require more intensive care on a case-by-case basis,
which may indicate a higher dosage and/or shorter intervals in order
to induce or maintain remission. It may be helpful to measure effec
tive trough levels (and antibody levels) in order to optimize therapy.
For patients who have experienced 6 months remission on IFX plus
AZA combination therapy and who have stable trough IFX levels of
> 5 pg/ml, the new ESPGHAN guideline states that discontinuation
of AZA may be considered, especially for male patients, in order to
reduce the risk of side effects. However, this decision would also in-
crease the risk of developing antibodies to IFX, which in turn would
reduce the effectiveness of that medication. Adalimumab and
golimumab represent two alternative anti-TNF antibodies which
are both administered subcutaneously and are approved for the
treatment of adult UC. In contrast, vedolizumab utilizes a different
mechanism of action. This antibody targets o, integrins, thereby
preventing or inhibiting the migration of inflammatory T lymphocytes
into the gut mucosa. This feature makes this antibody especially indi-
cated in patients who respond inadequately to anti-TNF-o therapy.
Vedolizumab is administered by infusion and is approved for use in
adults. The onset of its effects takes about 6-14 weeks, which may
require intermittent resumption of steroid administration in some
cases. Pediatric case series have also demonstrated the efficacy of
vedolizumab in children (Ledder et al. 2017: 37% after 14 weeks in
this subgroup of children with very severe UC).

Acute severe colitis (ASC; PUCAI > 65!) is a particularly challeng-
ing scenario in the treatment of pediatric UC, which is reflected
by the dedication of an entire separate section of the ESPGHAN
guideline to the topic. It is thought that up to 28% of pediatric
UC patients suffer from at least one episode of ASC in the first
2-3 years of disease. It is again necessary to rule out the possibility
of an infectious etiology either before or during intensive or inter-
disciplinary care (pediatric surgery/surgery/radiology) and treatment
(see Chapter 7: Diagnosis). Pain management should preferably be
conducted with acetaminophen. Non-steroidal anti-inflammatory
drugs (NSAIDs) should not be prescribed, and opiates should only
be used in exceptional cases with close monitoring. Thromboprophy-

laxis should be considered, especially for adolescents. All patients
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should be monitored closely for weight changes and fluid and elec-
trolyte imbalances, and oral 5-ASA therapy should be temporarily
discontinued. Although routine antibiotic treatment is not recom-
mended, it may be advisable for patients with suspected or po-
tential infections. Several case series have also demonstrated the
effectiveness of “antibiotic cocktails” (metronidazole, amoxicillin, doxy-
cycline, and vancomycin) at treating ASC. Corticosteroids (predniso-
lone, methylprednisolone, in this scenario up to 60 mg) must be
administered intravenously. The possibility of toxic megacolon must
be excluded by clinical examination and imaging (colon diameter
> 55 mm or > 40 mm in children < 10 years old, affects approxi-
mately 1-2% of the pediatric population with ASC). Patients must
be stabilized, and the (pediatric) surgeons must be notified of any
indication for surgery. If patients still have a PUCAI > 45 on the third
day of intravenous corticosteroid therapy, planning for the next steps
must begin. These include the possibility of transferring the patient
to a facility with more experience at treating pediatric gastroentero-
logical IBD, potential sigmoidoscopy (infection, particularly cytomeg-
alovirus, granulomas), measuring markers of inflammation (changes
in CRP), and a review of any upcoming tests for infectious agents.
Patients with a PUCAI > 65 on day 5 have an indication for starting
second-line therapy, for which either IFX or the calcineurin inhibi-
tors cyclosporine A (CsA) or tacrolimus (previously unmentioned)
are suitable options. This is also the time point at which the patient and
his or her parents should be informed about the possible upcoming
need for colectomy. Corticosteroid therapy can be reduced in a tai-
lored stepwise fashion, as it will have been ineffective by this point.
Patients should also be administered antibiotic prophylaxis against
opportunistic infections which may result from the use of multiple
immunosuppressants. The effectiveness of the second-line therapy
should also be monitored by daily measurement of PUCAI score.
If response is not clearly apparent after a maximum of 4-7 days
(PUCAI 35-60), the guideline recommends colectomy as the next
therapeutic step. Nonetheless, in rare cases, institutions with suffi-
cient experience with this indication may also attempt a third-line
therapy, for example CsA following the failure of IFX or vice versa.
However, adjunct corticosteroids may no longer be administered at
this point in time. The guideline paper explicitly points out that no
pediatric data is currently available for this type of approach. The
published data in adults is quite heterogeneous and reveals a mean
response rate of 62%, a remission rate of 39%, and colectomy rates
of 28% and 42% after 3 and 12 months, respectively.
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Figure 9/1 provides an overview of the treatment options for CD
and UC.

Crohn's disease Ulcerative colitis

Nutritional therapy

Methotrexate
Cyclosporine A, tacrolimus
Biologics (infliximab, adalimumab) Novel biologics
(not approved,
Antibiotics off-label)

Immunosuppressants

Endoscopic therapy

Figure 9/1: Treatment of IBD
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10. Surgical treatment

Martin Classen

Surgical interventions play an important role in the treatment of in-
flammatory bowel disease (IBD), both as an option to induce remis-
sion for patients with severe forms of the disease, and as a means
to treat complications. Nonetheless, all efforts should be made to
reduce the need for surgery, especially in pediatric patients, by pro-
viding an effective therapy from the very beginning (treat-to-target).
However, this strategy is not always successful, as demonstrated by
a registry study (EPIMAD) using (historical) data from 1988-2004
(692 patients, 532 CD, 160 UC), which reported that 153 of these
patients (128 CD, 25 UC) required bowel resection at a median of
18 months after diagnosis [Vernier-Massouille et al. 2008]. The in-
troduction of novel therapeutic agents has resulted in a reduction in
the frequency of surgical interventions at the population level [Kerur
et al. 2018, Mao et al. 2017].

Crohn’s disease (CD)

Surgery may be a necessary component of treatment for CD pa-
tients with both penetrating and stricturing phenotypes [Amil-Dias
et al. 2017, Blackburn et al. 2014, de Zoeten et al. 2013]. Long-term
studies in children have shown that the need for surgery increases
with the duration of the disease, as is also the case for adults. One
longitudinal study in adults (> 30 years) reported that nearly 60%
of patients had undergone at least one abdominal surgical interven-
tion after 30 years [Peyrin-Biroulet et al. 2012]. At another center, 69
of 286 CD patients (24%) required surgery within a 10-year period
at a mean of 9 months after the onset of disease (range 0 days to
7 years). The indications for surgery were strictures in 35 patients,
resistance to therapy in 13 patients, and perianal disease in 10 pa-
tients. lleocecal resection was performed in 40 patients and stoma
formation in 8 patients [Blackburn et al. 2014].

Indications for surgery in CD may include:

— Stenosis/strictures

— Fistulas and abscesses

— Severe bleeding

— Resistance to therapy and failure of medical therapies

85



Crohn’s Disease and Ulcerative Colitis in Children and Adolescents

Elective surgery to control disease activity is a particularly suitable
option for pediatric patients when medical therapy is inadequately
effective or associated with intolerable side effects. This is especial-
ly the case for adolescents who are prepubertal or in early puberty
with growth retardation and isolated ileocecal disease. Elective sur-
gery may also be considered as a primary treatment option to in-
duce remission. Diverting ileostomy can also lead to a major reduc
tion in disease activity in patients with severe Crohn'’s colitis with or
without fistulizing or stricturing disease [Maxwell et al. 2017].

Stenosis and strictures

Stenosis and strictures caused by inflammation may form as a result
of swelling and/or fibrosis of the bowel wall. The following methods
should be weighed as treatment options in interdisciplinary discus-
sions between pediatric gastroenterologists and surgeons:

— Intensification of anti-inflammatory therapy
(medical or enteral nutrition)

— Endoscopic balloon dilation

— Surgical strictureplasty

— Stricture resection and anastomosis

The decision of whether to operate and which method to use should
be made based on the following questions, information, and con-
siderations:

— Localization and length of the stricture (is it endoscopically
accessible? longitudinal? curved?)
— Is there evidence of intramural abscesses?
— Extent of inflammation versus fibrosis. The following parameters
may be useful to help answer this question:
- Levels of inflammation markers in blood and stool (high CRP
levels suggest a likelihood that anti-inflammatory therapy
will be superior. However, patients with stenosis/strictures
frequently have elevated fecal levels of calprotectin)
- Time elapsed between diagnosis and development of symptoms
of stenosis
- Inflammation revealed by magnetic resonance imaging (MRI)
— Ultrasound plus Doppler
— Have medical therapy options been exhausted?
— Are there complications of medical therapy?
— Acute ileus? — urgent indication
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— Would the option of enteral nutrition be feasible? This approach
has anti-inflammatory effects on stenosis and facilitates improved
bowel passage by reducing fibers. However, the long-term effec-
tiveness of this approach is limited

The desires and preferences of the patient and his or her family must
of course also be taken into consideration.

The following information should be collected and/or the following
general conditions should be met in order to determine the best
time point for surgery, provided there is no urgent indication:

— Diagnosis has been clearly confirmed

— Nutritional status and micronutrient intake should be optimized,
since protein-energy malnutrition may increase the risk of post-
operative wound complications

— Steroid therapy should be discontinued or adjusted to a low dose
whenever possible

— Studies in adults have reported that infliximab (IFX) does not
increase the risk of surgical complications [Colombel et al. 2004,
Nasir et al. 2010]

— The current extent/localization of the disease should be known
so that the proper surgical method can be selected

Fistulas

The disease can have a tendency to form fistulas in some patients.
There are several different types of fistulas:

— Enteroenteric

— Enterovesical or enterovaginal
— Enterocutaneous

— Into the retroperitoneum

Fistulas may be asymptomatic but they can also trigger symptoms.
Depending on the bowel segment and the organ targeted by the
fistula, symptoms such as secretion, pain, urinary tract infections,
incontinence, diarrhea, and/or malabsorption syndrome may occur.
A typical complication of fistulas is abscesses, which may present
with pain, fever, swelling, and bowel obstruction.

Fistulas most commonly manifest in the rectal and perianal regions
of pediatric patients [Brueckner et al. 2018, Buderus et al. 2015].
Fistulas are classified as simple or complex. A retrospective study
of 6,679 patients (41% female, mean age of 12.4 years at diag-
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nosis [interquartile range: 9.9-14.8]) from the US registry Improve-
CareNow reported that 1,399 patients (21%) experienced a perianal
manifestation during the observation period. For 98 patients, their
diagnosis was changed from UC to CD due to the manifestation of
an anal fistula [Adler et al. 2017].

Treatment of patients with anal fistulas should be planned on a
case-by-case basis, with close collaboration between specialists in
conservative treatment and in surgical treatment of IBD. A clinical
examination (under anesthesia if needed) and MRI of the lesser pelvis
should ideally be performed before any decision is made (Figures
10/1a and b). Surgical drainage is typically required for perianal ab-
scesses. Attempts should also be made to prevent further fistula
activity or renewed abscess formation. A combination of biologics,
antibiotics, and surgery is often helpful for this purpose [Amil-Dias
et al. 2017, de Zoeten et al. 2013]. One objective of these measures
is to close the internal opening of the fistula, which explains why
conservative therapy to induce mucosal healing may offer the best
chances of success. The most suitable options for this objective are
biologics and possibly immunomodulators [Amil-Dias et al. 2017,
Ruemmele et al. 2014]. Data from prospective studies is only avail-
able for IFX [Duff et al. 2012].

Short-term antibiotic therapy may also be useful (metronidazole, possi-
bly in combination with ciprofloxacin) [lwariczak et al. 2016, Ruemmele
et al. 2014, Su et al. 2015]. These antibiotics have not been formally
approved for this indication in children. Enteral nutrition has not
been established as effective at alleviating fistulizing disease.

The surgical options for perianal fistulas are as follows:

— Seton drains, which convert a complex fistula into a simple one
(especially important to prevent abscess formation)

— Excision of fistula

— Attempt to close the internal fistula opening by flap mobilization
or other methods (e.g. fistula plug) [de Zoeten et al. 2013]

Any surgical interventions should avoid damaging the sphincter to
the greatest extent possible [Van Assche et al. 2010]. Rectovaginal
fistulas are a type of fistula that can be especially painful for affected
women. Protective ileostomy is an option that should be considered
for patients with treatment-resistant perianal fistulas, multiple pain-
ful fistulas, or symptomatic enterovaginal fistulas, as it promotes fis-
tula healing [Maxwell et al. 2017].
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Figures 10/1a and b: MRl image of a retrorectal H-type fistula in a prepubertal boy

Risk of postoperative relapse and prevention of relapse
after resection in CD patients

In one pediatric case series, the rate of clinical relapse was 17% after
1 year, 38% after 3 years, and 60% after 5 years [Baldassano et al.
2001]. A meta-analysis reported a clinical rate of postoperative re-
lapse of 20—25% and an endoscopic rate of 65-90% after 1 year
[Renna et al. 2008]. This risk is much higher among adults with a
stricturing phenotype (Montreal classification B2) than with a pene-
trating phenotype.

Factors which appear to increase the risk of relapse include:

- Young age at initial onset
— Smoking

— Prolonged disease

— Prior resections
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— Perforating disease

— NOD2/CARD15 mutations

— Presence of granulomas in resected tissues
[Ruemmele et al. 2014]

Accordingly, prophylactic therapy should be given to each patient
after surgery [Splawski et al. 2017]. The ESPGHAN guideline recom-
mends thiopurine therapy as the first-choice drug (evidence level 3),
with partial enteral nutrition or an anti-tumor necrosis factor (TNF)-o
antibody as an alternative [Ruemmele et al. 2014].

— Azathioprine/6-mercaptopurine are recommended for patients
with extensive disease and a high rate of relapse regardless
of whether they were treated with either of these drugs prior
to surgery. However, their absolute effects are limited.

— Studies in adults suggest that a combination of 1 year of aza-
thioprine plus 3 months of metronidazole may have prophylactic
effects, while the effects of adjunct antibiotics are limited
[D'Haens et al. 2008, Mafosa et al. 2013].

— The study results are contradictory for 5-aminosalicylates (5-ASA)
but show only weak effects in the best case; moreover, pediatric
data are lacking. Prophylactic administration of 5-ASA is not
recommended in the ESPGHAN consensus.

— Administration of IFX to adults following ileal resection reduces
the number of endoscopic relapses but not clinical relapses
[Regueiro et al. 2016].

Postoperative monitoring is recommended. Fecal markers of in-
flammation should be normalized after 2 months, and a persistent
increase or renewed increase in these parameters indicates the need
for endoscopic follow-up. An endoscopic re-evaluation should typ-
ically be carried out 6 months after surgery. In the event that local
relapse is detected at the anastomosis, treatment should be intensi-
fied, for example by administering anti-TNF-a. antibodies [Splawski
et al. 2017]. Cessation of long-term therapy may be attempted in
patients with complete remission as long as fecal markers of inflam-
mation continue to be monitored.

Ulcerative colitis (UC)

There are five scenarios for UC in which surgery is required or should
be taken into consideration [Romano et al. 2016, Ruemmele et al.
2014, Turner et al. 2018a, Turner et al. 2018b]:
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1. Acute severe colitis that does not respond to medical therapy
(including second- and third-line medications such as IFX or cal-
cineurin inhibitors) (see Chapter 9: Treatment of ulcerative colitis)

2. Colon perforation in the context of toxic megacolon

3. Severe, uncontrollable bleeding

4. Sustained high disease activity with steroid dependence,
non-response to medical treatment attempts; PUCAI > 65
on days 11-14 of rescue immunosuppression

5. Detection of high-grade dysplasia by colonoscopy surveillance

Twenty percent of children require surgery within 10 years [Fumery
et al. 2016]. The first choice for surgery is proctocolectomy. The type
of entry (open vs. laparoscopic; Diamond et al. 2010) and the number
of stages (one/two/three) must be selected based on the patient’s
indication and condition and the urgency of the situation. In pa-
tients with toxic megacolon or perforation who are taking high-dose
corticosteroids or immunosuppressants, the three-stage approach
(1. colectomy with insertion of an ileostomy leaving a rectal stump,
2. rectal resection and creation of an ileoanal pouch with tempo-
rary upstream ileostomy, 3. removal of ileostomy) is associated with
a lower rate of complications. For elective colectomy, one-stage or
two-stage procedures with protective ileostomy may be chosen
[Dayan & Turner 2012].

The indication for surgery should be made in collaboration with a
pediatric center experienced at treating IBD. Before elective surgery
can be indicated, it must be confirmed that patients do not have CD
[Shannon et al. 2016]. In most cases, an ileoanal pouch is created.
The success of surgery depends on the experience of the surgeon,
and hence hospitals which perform large numbers of operations
should be contacted. There are good arguments for a laparoscopic
approach to elective procedures [Fraser et al. 2010].

Although arguments for colectomy frequently cite the possibility
of “healing” UC, patients need to be informed about potentially
impaired continence resulting from suboptimal pouch function [de
Zeeuw et al. 2012], and especially about the high risk (56%) of pou-
chitis [Dharmaraj et al. 2016]. Should pouchitis occur, the possibility
of infection with Clostridium difficile or cytomegalovirus must be
kept in mind. Despite these concerns, most patients experience an
improvement in their quality of life thanks to this surgery [Dalal et al.
2012]. Female patients may be impacted by reduced fertility (from
about 10% to 25-30%) following pouch creation [Dayan & Turner

2012]. For this reason, a rectal stump may be left in place in these
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patients despite the risks this harbors [Turner et al. 2012]. The in-
cidence of postoperative complications following pouch creation
(wound infections, fistulas, abscesses) was particularly high among
patients with prednisolone doses > 20 mg, hyperalbuminemia, and
malnutrition [Markel et al. 2008].
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11. Nutrition and dietary therapy

Axel Enninger

Nutrition and the gut are closely intertwined. As a consequence, both
parents and physicians are quick to raise questions about whether
dietary changes or special diets are advisable whenever confronted
by a child with a gut disorder.

It is generally recommended that patients with Crohn’s disease (CD)
and ulcerative colitis (UC) consume the same normal, healthy balanced
diet as is recommended for all other children and adolescents. A bal-
anced diet means eating regular fruits and vegetables while limiting
the intake of sugary foods and beverages. While a vegetarian diet
is theoretically feasible, patients with inflammatory bowel disease
(IBD) need to be constantly monitored for signs of iron deficiency,
which must be treated if discovered [Shah et al. 2015].

However, a non-trivial segment of patients do not tolerate specific
foods and experience negative effects after eating them. This can be
thought of as “IBS in IBD”, meaning IBD patients with elements of
irritable bowel syndrome. These trigger foods are frequently items
which cause severe flatulence, but may also include very spicy foods
and even large amounts of whole grain products for some patients.
Patients with small bowel CD also frequently exhibit secondary lac-
tose malabsorption.

All patients should also generally eat normal levels of fiber in their
diet, although patients with stenoses must take care not to ingest
too much fiber. For these patients, it is recommended that patients
talk with their physician and a nutritional specialist about the possi-
bility of excluding specific foods in order to avoid triggering negative
symptoms. When communicating dietary restrictions to patients, it
must always be kept in mind that the primary objective of these
modifications is the alleviation of symptoms, not treatment of the
underlying disease.

A special option for CD patients is enteral nutrition, which is par-
ticularly highly effective in newly diagnosed patients regardless of
disease localization. Enteral nutrition is the standard treatment
for newly diagnosed CD, and has now been incorporated into the
current ECCO (European Crohn’s and Colitis Organisation) guide-
line [Ruemmele et al. 2014]. In practice, enteral nutrition involves
the patient consuming a special liquid-only diet for a fixed period,

typically 6-8-10 weeks. This is frequently practical for patients who
95



Crohn’s Disease and Ulcerative Colitis in Children and Adolescents

are well-motivated and through the use of aroma supplements but
without the need for a nasogastric tube or percutaneous endoscopic
gastrostomy. In other words, the patient does not eat “normal” foods
or drink any beverages other than water during this period. Enteral
nutrition has the dual benefits of effectively treating inflammatory
activity while simultaneously compensating for micronutrient deficien-
cies. This is particularly important in adolescent CD patients since
nutritional status impacts linear growth at this age [Lee et al. 2010].
Nutritional therapy thus also represents an effective treatment of po-
tential growth retardation. Although the literature frequently men-
tions difficulties with patient resistance to enteral nutrition, these
issues can typically be easily overcome and patients can be convinced
to adhere to this therapy if the entire treatment team is also well-mo-
tivated. However, this treatment is not effective for UC [Turner et al.
2012].

Once the initially set time period is complete, a normal diet is grad-
ually resumed. This diet must also adhere to the principles listed
above: a healthy, balanced diet that accommodates individual food
intolerances.

Partial enteral nutrition may also be useful as an adjunct measure
for maintaining remission, for example by providing one-quarter of
caloric requirements by enteral nutrition [Wilschanski et al. 1996].

But if health is supposed to start in the gut, why not alter
diets after all?

There is no question that a healthy diet is key for managing or pre-
venting many diseases. It is thus no surprise that many patients per-
ceive a need to alter their diet at the onset of a bowel disorder from
their previous diet in order to “do something good” for their gastro-
intestinal tract. While this sentiment is quite understandable, to date
there is still no validated and sensible “diet” that can be recommended
to all patients. Research is presently ongoing, especially in Israel (in
the group of A. Levine) on the subject of changes to our normal diet
involving the exclusion of a number of products [Sigall-Boneh et al.
2014]. However, reliable and conclusive results have yet to be deliv-
ered [Shah et al. 2015]. For this reason, the current opinion of the
ESPGHAN (European Society for Paediatric Gastroenterology, Hepa-
tology and Nutrition) discourages attempts at untargeted diets, as
expressed in a summary published in 2018 [Miele et al. 2018]. This
opinion is based on the facts that a) this effect has not been prov-

en, and b) the burden on patients’ daily lives is already great enough
9%



thanks to the need to adapt to the new disease and the likely need
to regularly take new medications that it would be counterproduc-
tive to further burden these patients with unnecessary “diets”. After
all, eating is an aspect of daily pleasure and quality of life. It is wise
to have a certain degree of sensitivity to this topic when dealing
with patients with chronic diseases, and to only recommend meas-
ures which have actually proven effective and which do not nega-
tively impact patients’ daily lives and quality of life.

Are vitamin products or other dietary supplements
necessary or advisable?

Our primary goal should be to ensure that all patients can meet their
requirements for energy, vitamins, and trace elements from their
normal diet. However, it may sometimes be necessary to provide
targeted supplements, such as vitamin D or iron, which should first
be identified by appropriate laboratory testing and then discussed
with the patient. There is no need for wide-ranging vitamin supple-
mentation. Patients with significant iron deficiency often require par-
enteral iron supplementation, which is now highly effective and can
be administered with few side effects.

Partial enteral nutrition using, for example, 500 ml per day to main-
tain remission following induction of remission is another measure
which is often helpful for patients with micronutrient deficiencies
combined with residual disease activity (or as a measure to prevent
relapse).
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12. Complementary and alternative medicine
for IBD

Martin Classen

Definition of complementary and alternative medicine (CAM)

There is no universal or harmonized definition for the term comple-
mentary medicine; rather, it is used to cover a wide range of thera-
peutic methods and practices. One common definition used in the
United States describes complementary medicine as “a diverse group
of medical and health systems, practices, and products that are
currently not considered to be part of conventional medicine”. The
term “Alternativmedizin” is frequently used in Germany to describe
methods used in place of conventional medicine. Some of these
procedures are credited with accounting for psychological, spiritual,
and social aspects and not only dealing with somatic symptoms
[Zezos & Nguyen 2017].

Whether dietary interventions such as omega-3 fatty acids, curcu-
min, or probiotic therapies should be classified as complementary
methods is a topic of debate, as these approaches are also being
increasingly evaluated and even applied by scientific medicine when
they prove effective [Langhorst et al. 2015]. One objective of many
CAM techniques is to directly or indirectly influence the microbiota,
which is by all means a sensible approach [Basson et al. 2017].

Motivation for families

The knowledge that inflammatory bowel disease (IBD) is generally
incurable and that medications such as immunosuppressants or bio-
logics may be necessary (as well as the associated risks which must
be explained) provides an impetus for many families to seek other
“gentler” methods of therapy. Internet research often leads to a
number of different methods and providers, and families frequently
find it difficult to evaluate these techniques. It has therefore proven
helpful to touch upon the topic of complementary medicine as ear-
ly as the discussions surrounding the initial diagnosis, and to provide
families the opportunity to talk openly about different procedures
and experiences. This candor makes it easier to hold constructive dis-
cussions later about whether specific procedures might be useless or
utterly worthless for their child’s unigue situation. Pediatric gastroen-
terologists should be familiar with studies on this topic and be able to
discuss the pros and cons of these techniques [Cheifetz et al. 2017].
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Frequency of CAM use

Studies on the frequency of use of complementary medicine for
pediatric IBD have reported frequencies between 6.7% and 72%
depending on the country [Day 2013, Heuschkel et al. 2002, Wong
et al. 2009]. Many families try out two to three methods in parallel.
The most common therapies used were probiotics, fish oil, herbs
(aloe vera, evening primrose oil, Boswellia serrata), vitamin formula-
tions, and trace elements.

Homeopathic measures are in great supply in Germany in particu-
lar, as are traditional Chinese medicine (TCM), craniosacral therapy,
osteopathy, and many others [Langhorst et al. 2015]. Quality of life
was worse in adult IBD patients who used CAM compared with
those who did not [Opheim et al. 2016].

Inclusion of CAM in an “integrated” treatment approach

Only 26% of patients/parents notify their primary care physicians that
they are using CAM. Users of CAM have a tendency to discontinue
their conventional therapies. However, it is perfectly feasible to com-
bine some of the methods offered by CAM proponents (such as die-
tary modifications, probiotics, dietary supplements) with the treat-
ment methods of conventional methods, or to integrate them into
the overall therapeutic strategy. Probiotics, micronutrients, vitamins,
and other topics are all discussed as options in other chapters of this
booklet. Keeping an open mind and open communication about the
techniques of CAM may indeed prove beneficial for the therapeutic
relationship with the family.

However, the use of CAM may not cause effective medical treat-
ments to be interrupted or discontinued, as has been observed in a
study among CAM users [Nguyen et al. 2016].

Data on the effectiveness of CAM

Despite the widespread use of CAM, only 12% of parents report that
it was effective. There are no prospective studies which have inves-
tigated individual CAM practices or products in children with IBD,
including their risks and side effects.

The data is somewhat better for adults, for whom recommendations
exist for Plantago ovata, curcumin, acupuncture, and multimodal,
complementary mind-body therapy [Langhorst et al. 2015]. One in-
stitute in Germany focuses on the scientific study of the use of CAM
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in adults. The DGVS commented as follows: “An integrative ap-
proach in which conventional and complementary treatment methods
coalesce into best practices is the ideal objective.”

CAM as a bridge to psychotherapy, mindfulness,
and stress reduction

In light of the negative image of using psychotherapeutic interven-
tions to process the burden and stress of illness, adopting the label of
"complementary medicine” may lower the threshold for the accept-
ance of interventions such as yoga, relaxation therapy, and hyp-
notherapy. However, no prospective interventions on this topic are
known.

Conclusion

There is currently no method among the large number of CAM
techniques which has been demonstrated to be sufficiently safe and
effective in pediatric patients. A number of interventions, such as
acupuncture, homeopathy, or hypnotherapy, appear to be relatively
harmless in terms of side effects and may prove useful as a bridge to
improved mindfulness and increased body awareness.

In our own experience, actively addressing and openly discussing
these topics with families is often helpful. In routine practice, about
half of all families can be expected to try out CAM or even utilize it
on a long-term basis. However, CAM therapies may never lead to
the discontinuation of effective therapies or cause families to expe-
rience financial difficulties due to the additional expenses incurred.
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13. Immunization of children and adolescents
with IBD

Carsten Posovszky

Vaccinations are an important topic in the care of pediatric patients
with inflammatory bowel disease (IBD). These patients are frequently
administered immunosuppressants (IS) for therapeutic purposes, and
are thus often immunocompromised at ages when the immunization
schedule calls for routine initial or booster immunizations [Heijstek
et al. 2011, Niehues et al. 2017, Rubin et al. 2014, STIKO 2005]. Al-
though several recommendations on immunization of patients with
immunodeficiencies or IS already exist, uncertainties surrounding
the implementation and responsibilities remain in clinical practice
[Melmed 2012]. Studies have also shown that gastroenterologists
are not sufficiently knowledgeable on immunizations [Wasan et al.
2011]. Their knowledge is especially lacking on the topic of live vac
cines and the question of whether IS can be modified or interrupted
for longer periods of time due to the risk of increasing disease activity.

Epidemiological aspects

Vaccinations represent the most important first-line measure to pre-
vent severe infectious diseases, since many infected individuals are
not aware that they are contagious and thus cannot take any post-
exposure measures [Reiter & Rasch 2004]. By instilling immunity to
a specific agent, vaccines prevent infection of the vaccinated person
him- or herself, but also prevent the transmission of the infection to
unprotected individuals through the mechanism of herd immunity.

The effectiveness of each vaccine differs, and it is not possible to im-
munize each child at the optimal time point due to infections, active
underlying bowel disease, lack of information, or a refusal to be im-
munized [Reiter & Rasch 2004]. A study in German children revealed
that vaccination rates vary greatly at school accession, from 15% for
pneumococcal immunization to 96% for the first dose of the mea-
sles vaccine [Reiter 2012].

Immunization recommendations

In Germany, the Standing Committee on Vaccination (STIKO) at the
Robert Koch Institute issues recommendations for initial immuniza-
tion of children and for booster immunizations and elective immuni-
zations (STIKO@rki-App) [STIKO 2017].
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Similar interdisciplinary immunization recommendations are avail-
able for patients receiving immunosuppressant therapy from the
STIKO [STIKO 2005], the Swiss Federal Vaccination Commission (EKIF)
[BAG/EKIF 2014], the Austrian Society for Infectious Diseases and
Tropical Medicine (OGIT) [Burgmann & Wenisch 2010], the Centers
for Disease Control and Prevention (CDC) [Kroger et al. 2006] and
the Infectious Disease Society of America (IDSA) [Rubin et al. 2014]
in the United States, or from individual professional societies such as
the European League Against Rheumatism (EULAR) [Heijstek et al.
2011, van Assen et al. 2011] or the European Crohn'’s and Colitis Or-
ganisation (ECCO) [Rahier et al. 2014], as well as age-specific recom-
mendations for IBD patients [Sands et al. 2004].

Implementation of the immunization recommendations for patients
and their close relatives should be the common objective of the
patient’s primary care physician, pediatrician, and IBD specialist
[Melmed 2012, Rubin et al. 2014, STIKO 2017]. These practitioners
must judge in collaboration whether each individual vaccination is
indicated and also about the best time point in terms of the course
of the disease and the patient’s therapy. In general, if there is no
conclusive recommendation for a vaccination in a specific disease
situation, the instructions in the Summary of Product Characteris-
tics can be used as a rational guide [Niehues et al. 2017, Rubin et al.
2014, Speth & Minden 2015].

Prevention of infection

Immunosuppressant therapy increases the patient’s risk of severe
infections, either generally or for specific pathogens depending on
the target, duration, and dose of the drug [Rahier et al. 2014]. For
example, increased rates of invasive pneumococcal infections have
been reported for IBD patients receiving azathioprine [Kantsa et al.
2015]. Kindergartens, daycares, and schools represent the largest
reservoirs for infection in society. Thus, in order to increase the safety
and effectiveness of immunizations, risk stratification and infection
prevention should be carried out for pediatric IBD patients prior to
initiating IS therapy by completing routine immunizations and add-
ing any elective immunizations which may be required.

Effects of immunosuppressants on the immune system
and the immune response to vaccines

It is important to stratify the intensity of IS when planning immuni-

zations of patients taking IS. This step helps gauge whether patients
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are at a relevant risk of becoming infected by the virus in a live vac-
cine, predict the immunogenicity of the vaccine during the current
phase of treatment, and decide whether to check the success of
the vaccination. The STIKO, the German Society for Rheumatology
(DGRh), the EULAR, and the IDSA have all provided expert recom-
mendations on this topic [Rubin et al. 2014, Heijstek et al. 2011,
Warnatz & Goldacker 2014].

Effectiveness of vaccinations during IS therapy

Both the type of IS and the intensity (dose) of the IS taken may im-
pair the immune response to a vaccination. The data available on
this topic is limited, partially contradictory, and varies by vaccine, im-
munosuppressant, and underlying disease. A large share of the initial
data on live vaccines was collected from leukemia patients during a
2-week interruption of treatment [Levin 2008]. The outcome of vac-
cination must be tested on a case-by-case basis. It is highly recom-
mended that titers be measured after vaccination for both live and
inactivated vaccine in patients with novel IS, IS dose escalation, vac
cines known to have uncertain efficacy (e.g. hepatitis B), and novel
vaccines (e.g. meningococcal B vaccine). High-risk patients may be
administered boosters for elective vaccinations for rapidly invasive
infections by encapsulated bacteria such as pneumococci, meningo-
cocci, and Haemophilus influenzae type b (Hib) every 3-5 years or
earlier based on vaccination titer results. The professional societies
have not yet issued recommendations on this topic due to the lack
of data and the wide heterogeneity among the group of immuno-
suppressants used.

Practical implementation of immunization recommendations

Patients’ immunization status should be determined in clinical prac
tice at the time of the first onset of IBD before any long-term immu-
nosuppressant therapy is initiated, and this status should be updat-
ed at regular intervals over the course of the disease (Figure 13/1)
[Rahier et al. 2014, Rufo et al. 2012].

The optimal approach for these patients is to complete the initial im-
munization for all childhood vaccines before initiating immunosup-
pressant therapy (Figure 13/2) [Rahier et al. 2014, Rubin et al. 2014,
Sands et al. 2004, Schwerd & Koletzko 2017]. However, this goal
is frequently not attained [Carrera et al. 2013]. This phenomenon
was illustrated by a survey of pediatric gastroenterologists, of whom

only 17% reported that they were able to implement the immuni-
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Diagnosis of Crohn's disease

Start of nutritional therapy

— Completion of diagnostic test
(incl. TPMT activity)
— Review immunization status
(serology if needed) and
\ — bring (live)vaccines up-to-date
(VZV, HPV, MMR)

Start of IS therapy after 3 weeks interruption

_/\_J\./‘\/‘\

Time

Disease activity

Figure 13/1: Procedure for initial diagnosis of IBD

Abbreviations: HPV = Human papilloma virus; MMR = Measles, mumps, rubella;
MTX = Methotrexate; TPMT = Thiopurine methyltransferase;
VZV = Varicella zoster virus (adapted from Schwerd & Koletzko 2017)

zation recommendations prior to the start of treatment for an es-
timated 50-75% of their patients, whereas 23% of the physicians
surveyed did not perform any vaccinations prior to the start of
treatment (own unpublished data). This inattention to vaccination
is frequently due to the prioritization of controlling disease activity,
which often requires timely immunosuppressant therapy.

This phenomenon initiates the dilemma observed in clinical practice
of inadequately immunized, immunocompromised IBD patients who
are at risk of infections but whose disease can often only be main-
tained in stable remission through long-term immunosuppressant
therapy. Enteral nutrition of Crohn’s disease (CD) is the only treat-
ment option that can induce and maintain remission and provide a
stable phase without IS, thereby allowing immunizations to be com-
pleted with no complications (Figure 13/2) [Rahier et al. 2014, Rufo
& Bousvaros 2006].

Although numerous studies on inactivated vaccine immunization of
IBD patients receiving IS generally report statistically decreased vac-
cination titers compared to healthy individuals [Carrera et al. 2013],
the antibodies which are produced appear to provide adequate pro-
tection [Banaszkiewicz et al. 2017, Carrera et al. 2013]. If childhood
immunizations are completed prior to the start of IS therapy, booster
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Figure 13/2: Suggested approach for vaccinating IBD patients at initial diagnosis

* Administer second dose of MMR and VZV vaccine separately for patients with IS due to product liability.
Booster vaccinations of live vaccines are not approved for patients taking MTX, but are supported by study data
and EULAR immunization recommendations for patients taking MTX < 15 mg/m2/week and low-dose GCS
therapy [Heijstek et al. 2011]. Do not administer acetylsalicylic acid for 6 weeks after VZV vaccination. No study
data is available on the tetravalent MMRV vaccine (source: adapted and modified from Schleker et al. 2016).

Abbreviations: 5-ASA = 5-Aminosalicylic acid; AZA = Azathioprine; i.v. GCS = Intravenous glucocorticosteroids;
MMR = Measles, mumps, rubella; 6-MP = 6-Mercaptopurine; MTX = Methotrexate; PDN = Prednisolone; VZV =

Varicella zoster virus

immunizations with inactivated vaccines can be particularly effective
for patients with long-term immunosuppressant therapy. The effec-
tiveness of booster immunizations with tetanus and diphtheria vac-
cines yielded comparable titers between healthy children and chil-
dren post kidney transplant receiving IS therapy with cyclosporine A,
tacrolimus, azathioprine, and prednisolone [Enke et al. 1997]. The
question of how long these protective titers will persist remains un-
answered. Children with very early-onset IBD represent an addition-
al problem, as these patients have frequently not completed their
childhood immunizations yet are exposed to a high risk of infection,
and many of them almost certainly also harbor an immunodeficien-
cy or immune dysregulation as part of their disease.
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Furthermore, for patients taking biologics with long half-lives (such
as infliximab), all immunizations with inactivated vaccines must be
administered at the end of the cycle of the biologic prior to the
planned start of the next cycle, and the start of the next cycle must
be delayed by 1 week to allow enough time for an adequate im-
mune response to the vaccine. An interval of 1 week after immu-
nization before the first dose of rituximab therapy is also sufficient
for the development of an immune response to the vaccine [Speth
& Minden 2015]. Figure 13/3 shows the approach to planning im-
munizations with inactivated vaccines for patients with IS therapy.

tetanus

5-ASA, low- or

Figure 13/3: Planning administration of inactivated vaccines to IBD patients with various
treatments

Catch-up and elective immunizations should be administered at least 7 days prior to B-cell
depletion with rituximab (exception: inactivated influenza vaccine also possible after B-cell
depletion), and an interval of about 1 week prior to the next dose should also be upheld for
other biologics (source: adapted and modified from Schleker et al. 2016).

Abbreviations: 5-ASA = 5-Aminosalicylic acid; AZA = Azathioprine; CsA = Cyclosporine A;
MTX = Methotrexate; PDN = Prednisolone

Live vaccines and IS therapy

Caution must be exercised when live vaccines are administered to
patients taking IS therapy, as live vaccines do represent the greatest
challenge for IBD patients [Niehues et al. 2017]. Although the official
guidelines on this topic are worded clearly and recommend com-
pleting all live vaccines at least 2 weeks before starting IS therapy,
they thus leave little room for individual variation [Rahier et al. 2014].
For example, the ECCO guideline requires interrupting immunosup-

pressants for 3 to 6 months prior to VZV vaccination [Rahier et al.
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2014]. The primary objective of this measure is to safely prevent
illness caused by the vaccine virus [Niehues et al. 2017]. Furthermore,
live vaccines should also be administered during a remission phase.
Unfortunately, this condition is often not achieved for years due to
flares of inflammatory bowel disease, especially after discontinuing
IS. This raises the question of what conditions would actually allow
this group of patients to be immunized during immunosuppressant
therapy given their elevated risk of infection. In rare cases, immu-
nization with a live vaccine can be considered for selected patients
with adequate immune function [Niehues et al. 2017]. The STIKO
recommends that the extent of IS be taken into consideration when
planning immunization with a live vaccine [Niehues et al. 2017].

The decision to immunize a patient with ongoing IS therapy with a
live vaccine must be made cautiously on a case-by-case basis in line
with the recommendations by EULAR, ACIP (Advisory Committee
on Immunization Practices of the CDC), and STIKO, and must in-
corporate: 1. the individual risk and benefit of immunization by an
experienced physician, 2. positive prior immunological testing, and
3. the patient’s consent to waive product liability.

Postexposure prophylaxis

Should unvaccinated patients or incompletely vaccinated patients
taking IS have contact to an index patient infected with MMRV
(measles, mumps, rubella, or varicella), postexposure prophylaxis
may be effective. This may take the form of a postexposure immu-
nization or administration of immunoglobulins.
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14. Psychosocial aspects, support programs,
and psychotherapy

Martin Classen

Psychosocial issues facing children and adolescents with IBD

Compared with healthy children, pediatric inflammatory bowel dis-
ease (IBD) patients have a greater risk of emotional and behavioral
issues and difficulties interacting with their families [Mackner et al.
2004, Mackner et al. 2013].

Table 14/1 provides a list of common stress factors with IBD which
may lead to psychological issues or psychiatric comorbidities.

These factors may greatly impair the psychosocial well-being of many
patients (for example self-esteem, quality of life, educational and
professional opportunities). Furthermore, insufficient adherence to
and refusal of treatment are even larger issues when dealing with
pubertal adolescents and young adults [Greenley et al. 2010b, Hommel
et al. 2008].

Typical psychological stress factors in adolescents with IBD

Exhaustion

Eating a reduced variety of foods, reduced appetite, nausea

Difficulty sleeping
Conflicts over diet

Delayed onset of puberty, short stature/delayed growth

Frequent defecation and/or incontinence that hinders participation in academic
or social activities

Side effects of corticosteroids (cosmetic, growth, weight gain, mood swings)

Social stigma due to special diet or stoma

Constant need to take medications; uncomfortable routes of application
(e.g. enema)

Need for hospitalization and surgery

Shame/embarrassment/incontinence

Difficulties becoming personally independent

Worries about own future

Depression

Anxiety

Decreased self-esteem

Altered body image

Table 14/1
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These psychological factors may also influence inflammatory activity
and disease flares via effects on cytokines and mast cells mediated
by the hypothalamic-pituitary-adrenal axis and the sympathetic nerv-
ous system. Stress is a modulator of these processes. In theory, a bi-
directional interaction can be postulated: On the one hand, psycho-
logical factors can play a role in modulating disease activity; while
on the other hand, inflammation also affects a patient’s psycholog-
ical health [Mackner et al. 2011].

Quality of life

It would seem trivial to note that the quality of life of pediatric IBD
patients depends first and foremost on their disease activity [Gray
et al. 2011, Reed-Knight et al. 2016]. However, patients may also be
burdened by stress from their parents, which also tends to increase
with disease activity [Gray et al. 2013, Gray et al. 2015]. Other fac
tors affecting quality of life are listed in Figure 14/1.

Consequently, in order to maintain the highest level of quality of
life possible, practitioners should always strive to achieve optimal
control of disease activity at all times and should not accept per-
sistent inflammation. At the same time, mental health issues and
psychological care must also be integrated into holistic treatment

approaches.
Disease activity
Comorbidities (esp. psychiatric) Stress
Emotions/depression/anxiety Social integration
Self-esteem Coping skills
Quality o
Cognition Microbiome
Compliance/adherence Mediators of inflammation
Inflammation Immune system

Enteric nervous system

Figure 14/1: Factors affecting quality of life
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Psychiatric comorbidities are common with IBD

One meta-analysis of 19 studies illustrated the entire spectrum of
psychiatric comorbidities afflicting children and adolescents with IBD
[Greenley et al. 2010a]. Several studies have reported that adolescent
IBD patients have high rates of apparent depression (up to 25%)
which vary by health status [Castaneda 2013, Clark et al. 2014,
Reed-Knight et al. 2014, Szigethy et al. 2009]. Anxiety disorders
also play a major role. In one study, 30% of pediatric patients with
Crohn'’s disease (CD) reported increased anxiety, with the extent of
the anxiety symptoms correlating with the intensity of the disease
symptoms [Reigada et al. 2015]. Patients with higher anxiety scores
had more flares than patients with lower levels of anxiety [Reigada
et al. 2016].

The 2015 Heidelberg study also revealed a high prevalence of psy-
chiatric comorbidities among IBD patients in Germany. This study in
47 adolescent IBD patients measured disease activity (PUCAI/PCDAI)
and quality of life, and also included mental health evaluations of
both parents and children by child and adolescent psychiatrists. Of
these patients, 55.3% met the DSM-IV criteria for one or more psy-
chiatric diagnoses(!) [Engelmann et al. 2015]. The additional burden of
psychiatric comorbidities significantly reduces patients’ quality of life.

Figure 14/2 lists neurobiological factors associated with depression
in children with IBD.

Support programs for IBD

Support programs have been shown to improve patients’ knowl-
edge of their disease, coping, quality of life, and disease outcomes
for a number of chronic diseases (including asthma, neurodermatitis,
headaches, irritable bowel syndrome). In light of the issues with dis-
ease management and adherence among adolescents with IBD illus-
trated above, it makes sense to utilize such support programs for
IBD as well. Studies have shown that there are large gaps in adoles-
cents’ understanding of their disease [Haaland et al. 2014]. There is
also room for improvement of patients’ knowledge during the tran-
sition process [Benchimol et al. 2011].

The typical objectives of support programs for IBD patients include:

— Establishing and promoting capable disease self-management
— Promoting self-responsibility, developing strengths and resources
for handling the disease
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Figure 14/2: Neurobiological factors associated with depression in children with IBD
(adapted from Keethy et al. 2014)

— Improving self-assessment

— Educating patients about CD and UC (pathophysiology and
genetics, symptoms, outcomes and complications, medical
and non-medical therapies)

— Educating patients about healthy eating and lifestyle habits

— Accepting the disease as a chronic condition with a variable
course

— Reducing disease-related anxiety and providing emotional relief

— Instilling an appropriate body perception

— Empowering patients to manage disease-related stress

— Recognizing and avoiding stress factors that can jeopardize
well-being

— Discussions with other patients

— Inclusion of parents/family (siblings!) in some of the topics listed
above

These objectives can be subdivided into cognitive, behavioral and
skills-based, emotional, and social objectives.

Interactions between participants and sharing personal experiences
about the disease are a large segment of these support programs.
These interactions also take place informally during group activities
such as group games, sporting events, or filming self-made movies.
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Topics and units in support programs (adapted from Classen et al. 2014)

Children

— Getting acquainted

— Role playing, imaginary journeys
— Art therapy

— Game nights

— Physical activities/sporting events
— Stress and stress management
— Relaxation techniques

— Medical education

— Nutrition

— Cooking together

Parents

— Getting acquainted

— Medical information

— Nutrition

— Sharing personal experiences
— Art therapy

Table 14/2

According to evaluations of feedback forms, adolescents find these
interactions to be a central aspect of the support programs. They
provide participants with a lasting feeling of not being left alone
with a difficult disease.

A study of participants in a summer camp in the United States for
adolescents with IBD in which no medical information or specific
educational content was provided revealed that the camp signifi-
cantly improved participants’ quality of life despite the fact that
they had no changes in any specific parameters of disease activity
[Plevinksy & Greenley 2014, Shepanski et al. 2005].

Studies on adult support programs have demonstrated mixed to no
effects on disease activity or quality of life depending on the inter-
vention and the type of program [Oxelmark et al. 2007]; while a
small study in children showed a positive impact [Grootenhuis et al.
2009]. However, another study on the effectiveness of an adult pro-
gram involving education and specific instructions for self-manage-
ment demonstrated that hospitalizations were significantly decreased
after 1 year and that patients’ self-confidence at managing their dis-
ease was increased [Kennedy et al. 2004].

Educating children and adolescents with IBD about their disease may
contribute to improvements in patients’ quality of life, and may lead

to long-term optimization of disease management, adherence, and
16



self-management. Support programs of this nature are offered at
several hospitals in Germany [Classen et al. 2014].

Psychotherapy for IBD patients

Special attention must be paid to psychiatric comorbidities in chil-
dren with IBD, both at the time of their diagnosis and over the
course of the disease [Greenley et al. 2010a, Mackner et al. 2013,
Rufo et al. 2012]. Ideally, this need would be met by routine involve-
ment of psychological specialists both on inpatient wards and at
outpatient facilities, but unfortunately there is currently no financial
support for this option.

Consequently, pediatric gastroenterologists are the first line for the
recognition of depression and anxiety disorders (and may be aided by
the use of questionnaires) [Rufo et al. 2012]. Patients exhibiting any
signs of these disorders must then be referred to the appropriate
psychotherapeutic interventions (reviewed in Eccleston et al. 2014).

Several studies have investigated the use of cognitive behavioral the-
rapy methods for the treatment of depression and anxiety [Keethy
et al. 2014, Szigethy et al. 2014]. In addition to improving patients’
psychiatric disorders, these interventions also frequently improve their
quality of life and disease activity as well. Very little evidence is avail-
able on the use of antidepressant pharmacotherapy in IBD patients,
although some exists for fluoxetine and sertraline for depression and
venlafaxine for anxiety disorders [Mackner et al. 2013]. Potential in-
teractions between IBD medications and the gastrointestinal side
effects of psychiatric medications must be taken into consideration
for patients on medical therapy. Child and adolescent psychiatrists
should be contacted on topics of psychotherapy and psychiatric
medications.

Conclusion

In conclusion, the intricate bidirectional interactions between the
mind and the gut require routine psychological care, low-threshold
supportive measures such as support programs, and collaboration
with psychiatric specialists at all pediatric gastroenterology treatment
centers. However, all of these measures are impossible without proper
funding.
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15. Growth and puberty
Burkhard Rodeck

About 25% of cases of inflammatory bowel disease (IBD) have a
pediatric onset, the majority of which are diagnosed shortly before
or during puberty. The onset of puberty ranges between the ages
of 8 to 14 in girls and 9 to 14 in boys. IBD interferes with normal
weight changes and delays normal growth and puberty, and its im-
pacts may be particularly noticeable during pubertal growth spurts.
These impacts are more relevant for patients with Crohn’s disease
(CD) and less so for those with ulcerative colitis (UC) [Gasparetto &
Guariso 2014, Hill 2014]. Growth retardation is caused by malnutri-
tion associated with the underlying IBD, but is also very likely due to
the cytokine secretion associated with chronic inflammation [Wong
et al. 2006].

Achieving normal growth and pubertal development is thus a pri-
mary objective in the management of IBD.

In addition to measuring height and weight, growth velocity is the
most useful parameter for evaluating growth patterns. Patients’ pu-
bertal development should be classified by Tanner stage, and their
height, weight, body mass index, and puberty stage should be doc
umented at regular intervals. Other anthropometric measurements
such as skinfold testing or circumference are additional options for
assessing normal development. Potential lags in bone age can be
evaluated by X-ray imaging of the left hand.

Epidemiology

Reduced growth velocity has been reported in up to 46% of CD pa-
tients, in many cases even before the onset of gastrointestinal symp-
toms [Kanof et al. 1988]. Approximately 11-35% of adult CD pa-
tients with pediatric onset have a shorter height compared with their
parental height [Lee et al. 2010]. These effects are much less pro-
nounced in UC, likely due to the shorter phase of diagnostic latency
as well as the shorter periods of systemic inflammatory activity.

Pathophysiology

It has been shown in a rat model of colitis that inflammatory activity
is responsible for 30-40% of growth retardation regardless of dietary
supplementation [Ballinger 2002]. Ballinger found a negative corre-

lation between the plasma concentrations of growth hormones and
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levels of insulin-like growth factor (IGF-1), which suggests that inflam-
mation renders hepatocytes resistant to growth hormone stimula-
tion. In other animal models, the high levels of proinflammatory cy-
tokines such as interleukin (IL)6 were correlated with low levels of
IGF-1 secretion. In addition to the direct effects of inflammation on the
hypothalamic-pituitary-growth axis, tumor necrosis factor (TNF)-o
can also apparently lead to growth retardation via other pathways.
TNF-a blocker therapy had a positive effect on the growth rate in
rats despite having no effects on IGF-1 secretion [Ezri et al. 2012].

A further cause of growth retardation in many patients is malnutri-
tion, which can be driven by numerous factors such as loss of ap-
petite, abdominal pain, reduced nutrient uptake, increased nutrient
loss, and high energy consumption due to chronic inflammation.

Proinflammatory cytokines such as IL1 or TNF-a inhibit the produc
tion of sexual hormones via direct effects on the gonads or by sup-
pressing the secretion of GnRH (gonadotropin-releasing hormone).
Leptin controls the onset of puberty, and hence reduced leptin levels
secondary to anorexia with reduced body fat percentage may be an
additional cause of delayed puberty.

Treatment of IBD

The objective of treatment is to control and, in the best-case sce-
nario, reverse the inflammatory activity of IBD, ideally with mucosal
healing. Several different treatment options are available for this task,
including corticosteroid therapy. Although long-term or repeated
hydrocortisone therapy increases appetite, it also leads to additional
growth retardation. Therefore, corticosteroid treatment should be
avoided in children and adolescents with IBD to the greatest extent
possible. Nutritional therapy is a good alternative. In addition to other
parameters (laboratory tests, etc.), normal physical development is a
sign that the disease is being controlled well.

Specific hormonal treatment of delayed puberty (e.g. testosterone
for boys or estradiol for girls) is required only in very rare cases, and
growth hormone therapy is also not a standard option for IBD.

It is absolutely crucial that treatment of IBD be continuously modi-
fied to ensure that the chronic inflammation is being controlled well,
which will allow growth and puberty to proceed normally.
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16. Social aspects of IBD
Jan de Laffolie

Inflammatory bowel disease (IBD) is of major importance for pediat-
ric patients, especially with regard to the crucial end points of physi-
cal and psychosocial development as well as to their later transition
to a professional career. The typical course of IBD is characterized by
symptomatic phases with flares of inflammatory activity and often-
devastating complications interspersed with periods of remission
[Louis et al. 2015].

Childhood and adolescence are vulnerable phases of life with regard
to physical growth and to the developmental end points mentioned
above. According to pre-examination, children with IBD cite dystro-
phy, weight loss, and delayed puberty as major symptoms which
are important to them [Mallon & Suskind 2010, Vadan et al. 2011,
Walters & Griffiths 2009].

The psychosocial challenges to patients and those around them posed
by this chronic illness must be identified and attacked precisely. The
patient’s perception of his or her own disease, his or her coping
strategies (and those of the parents), and targeted support are all
important criteria for patients’ personal psychosocial development,
especially for patients with forms of the disease that are severe or at
times unstable [Mackner et al. 2013].

Pediatric gastroenterology centers should be proactive about pro-
viding the patients they treat with options for psychological care,
psychotherapy, or even consultation-liaison (psychosomatic)
options, as these measures represent an integral component of IBD
treatment. Such centers should provide different levels of options
which can be implemented rapidly. For example, in some circum-
stances inpatient treatment options must be considered, such as a
specific department or clinic for consultation-liaison (psychosomatic)
psychiatry.

Health insurance companies should be contacted about arrange-
ments for reimbursement of these services. Patient advocacy groups,
such as the German Crohn'’s and Colitis Association (DCCV e.V.), often
provide contact addresses and reviews of these services. Physicians
should consult with the treatment team at such facilities, and should
integrate a psychotherapy or consultation-liaison therapy visit into
the patient’s treatment strategy. Collaborations with providers and

provider systems subject to different funding mechanisms (cross-
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sector or integrated care) can require extra effort and interaction on
the part of the treatment team. However, integrated psychother-
apeutic care should not be considered to be distinct from disease
activity or from the somatic aspect of the disease, as both elements
interact with each other via positive and negative mechanisms. This
phenomenon is reflected by the close link between disease severity
and adherence to therapy [Hommel et al. 2011, Ingerski et al. 2010,
Mackner et al. 2013].

In addition to psychological, psychotherapeutic, and consultation-
liaison interventions, approaches involving patient empowerment,
support and education of persons close to the patient, and meetings
with other patients of the same age to share personal experiences
may all prove beneficial [Crandall et al. 2012, Mackner et al. 2013].
These measures are currently being actively supported in GPGE pro-
jects such as CEDATA GPGE.

Problems at school are very common among IBD patients. In ad-
dition to lower academic performance and frequent absences, the
(unjavailability of appropriate toilets and sanitary facilities at schools
also represents a real problem. Although IBD patients in Germany
are authorized to use handicapped restrooms if they have a physi-
cian’s certificate, the use of these facilities may still prove difficult
(since the student needs to go to the teachers’ room to retrieve the
key and needs to supply their own toilet paper, etc.). This can lead
to even more (and avoidable) absences from school.

Adolescents and young adults with IBD also face a number of cru-
cial decisions regarding occupational disability insurance and life
insurance at the start of their career. Patients with chronic diseases
can typically only obtain policies with either considerable risk premi-
ums or with exclusion clauses. Nonetheless, occupational disability
coverage in particular is crucial due to the risk of unemployability
prior to the age of eligibility for a pension. All options should be
weighed carefully, and it may be helpful to consult with an inde-
pendent broker to compare multiple offers.

The disease should not be the driving force behind the selection of
education and career. However, patients should undergo a psy-
chological evaluation, an examination by a specialist, and suitability
testing for their chosen field and should include these factors to-
gether with their academic performance, desires, talents, and inter-
ests in the decision-making process. IBD specialists frequently advise
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their patients that regular working hours can be beneficial, but tend
to discourage them from taking jobs requiring shift work, frequent
travel, or great physical exertion.

The German Disabilities Act (Schwerbehindertengesetz, Schwb@)
provides protections for disabled workers. Although it mandates
increased protection from dismissal, special vacation rules, and tax
benefits, applying for disability status can have some drawbacks as
well as benefits. Patients should take these into consideration, espe-
cially when applying for their first job.

Patients should be advised to seek out an experienced support center
when deciding whether to apply for recognition of disability status
under the German Disabilities Act, and all of the legal and psychoso-
cial consequences this status brings. The document “Anhaltspunkte
fur die arztliche Gutachtertétigkeit” [“Criteria for Medical Assess-
ment”] for German social compensation law and for the German
Disabilities Act which is published by the German Federal Ministry
of Labor and Social Affairs provides some general guidelines for this
application but is by no means exhaustive. Patients should be aware
of the risks of making imprudent or uninformed decisions.

Free consultation on social law issues is often provided by mu-
nicipal support centers for people with disabilities, the social service
centers of health authorities, and most importantly social services
embedded within a hospital’s multidisciplinary treatment and con-
sultation team.

The DCCV elV. is another contact point for questions on occupa-
tional and social law, as well as being a patient advocacy group.
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17. Transitioning IBD care
Burkhard Rodeck

Transition is a term used to describe the transfer of medical care
from pediatric care to adult care. As with other chronic illnesses,
the transition of care often results in inadequate adherence or even
treatment discontinuation by patients with inflammatory bowel dis-
ease (IBD). These issues are due to basic problems with transferring
the responsibility for disease evaluation, treatment guidance, and
disease management from the parents to the patient during an es-
pecially sensitive phase of life which is characterized by departing
from the family setting and increasing autonomy.

Adult physicians practice health care using a different style than pedi-
atricians. Pediatric care embeds patients within a triangle together
with their parents and the pediatrician, and pediatricians often take
a more authoritative and educational tone. This frequently has the
unintended consequence of withholding age-appropriate autonomy
from the patient until a (too) late age. In contrast, an adult physician
expects his or her patients to be autonomous, and conducts a bi-
lateral relationship with the patient in which the patient is primarily
responsible for the management of his or her condition. Parents are
not welcome at these visits.

During the phase of late adolescence and early adulthood, patients
take over not only responsibility for management of their illness from
their parents, but also responsibility for their entire lives. These par-
ents have frequently held their children’s hands through all challeng-
es in life up to that point, and may thus have difficulty letting go.

Physicians and physician groups often disagree on the need for guid-
ance or supervision to facilitate a smooth transition from one phase
of life to the next. For example, half of all adult gastroenterologists
do not consider themselves to be competent on matters of pubertal
development and growth [Hait et al. 2009]. On the other hand, an
English review reported that 80% of pediatric gastroenterologists
considered a structured transition program to be of great impor-
tance, compared with 47% of adult gastroenterologists [Sebastian
et al. 2012]. Pediatricians have a tendency to want a very close, even
family-like bond with their patients, which often results in their re-
taining care of these patients past the conclusion of puberty and
their 18™ birthday. Up to one-third of patients with diabetes mellitus
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also remain in the care of their pediatrician up to or even past age
25 [Goodhand et al. 2011].

There are also other aspects which are unique to the IBD patient
cohort.

Adult gastroenterologists should generally be very familiar with the
disorders Crohn'’s disease (CD) and ulcerative colitis (UC), and hence
they can be expected to be competent at managing adult cases of
these disorders. However, there are also several unique characteris-
tics of pediatric IBD — the phenotype of the disorders, their aggres-
siveness in adolescents, and in pediatric treatment strategies — of
which adult physicians may not always be adequately informed. One
example is the fact that nutritional therapy, not steroids, is the pri-
mary treatment for inducing remission of CD in pediatric medicine.
Additionally, a stricter indication is required in pediatric medicine for
invasive endoscopic diagnosis. In Germany, adolescents with IBD are
typically treated in the pediatrics departments of special outpatient
clinics affiliated with large hospitals or university medical centers.
In these facilities, it is easy to incorporate “in-house” psychosocial
teams or nutritional experts into a holistic treatment approach. A strat-
egy of this nature is beyond the capabilities of most gastroenterol-
ogists in private practice due to the structure of statutory health in-
surance reimbursement in Germany.

IBD during adolescence is a non-normative life event that is unwant-
ed and unexpected, and that invades the patient’s life. It influences
all of the patient’s thoughts, actions, and feelings and has far-reach-
ing consequences for his or her psychosocial development. However,
due to the unique features of IBD (Table 17/1), patients’ impairment
is not only greater than that of their healthy same-age peers, but
also greater than that of other adolescents with chronic diseases
[Greenley et al. 2010].

The combination of debilitating gastrointestinal symptoms, corticoste-
roid therapies, and the release of centrally active proinflammatory
cytokines reduces the quality of life of adolescent patients and in-
creases their prevalence of psychological disorders, particularly de-
pression, compared with their healthy same-age peers [Szigethy et al.
2009]. These factors make the holistic treatment approach described
above, including psychosocial support, all the more important.

Transitioning can be viewed as a dynamic process that should ideally
be discussed and integrated into the treatment strategy in late child-

hood. The actual transfer to an adult physician is but one component
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Stress caused by external appearance: short stature, delayed puberty, side effects of cortico-
steroids (stretch marks, moon face, acne) and other extraintestinal manifestations and adverse
drug reactions

Impact of inflammatory cytokines on appetite and mental health

Chronic or recurrent pain (@bdominal pain, tenesmus, arthralgia)

Reduced resilience and mobility caused by malnutrition and episodes of diarrhea

Impact of absences at school, vocational education

Impaired sexual development and psychosocial development

Less establishment of autonomy and independence from parents

Frequent dissimulation

Difficulties with lack of understanding of disease among peer group or society in general

Table 17/1: IBD-specific stress factors in adolescence (adapted from Koletzko & Saldo 2012)

of this transition process. There is no set age at which adolescents
must switch from a pediatrician to an adult physician; rather, the
transfer should take place at the point in time at which all stake-
holders are ready and have fulfilled their “tasks” listed in Figure 17/1
[Hait et al. 2006, Keller 2010].

A case manager can — and, in the case of patients with severe IBD,
should — be commissioned with connecting the various providers and
organizing the transition process within the framework of a struc-
tured transition program. This case manager can provide long-term
support for the adolescent patient and the family, and can ensure
that the transition is orderly with a seamless continuation of treat-
ment [Muether et al. 2014]. This approach can help prevent inter-
ruptions in treatment or inadequate adherence to medications. The
Berlin Transition Program is one example of this type of national,
interdisciplinary transition program (http://www.drk-kliniken-berlin.
de/westend/krankenhaus-westend/berliner-transitionsprogramm/).
This is the program preferred by the Transition task force convened
in 2012 by several major medical societies: the German Society of
Pediatrics and Adolescent Medicine (DGKJ), the German Society for
Internal Medicine (DGIM), and the German Society of Neurology
(DGN).

Support using educational programs

Adolescents are initially educated about their condition by their pedi-
atric gastroenterologist on a one-on-one basis as part of the usual
physician-patient relationship. Patients and their parents are rarely
able to absorb all of the information presented to them in the emo-
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Figure 17/1: Allocation of tasks during the transition process (adapted from Philpott 2011).

tional anguish surrounding the initial disclosure of the patient’s diag-
nosis, which makes additional discussions necessary. However, the
need for ongoing care often leaves too little time for physicians to
convey basic information about the disease [Classen et al. 2014].

The patient education network Kompetenznetz Patientenschu-
lung e.V. (KomPaS) was founded in Osnabrtick, Germany in 2008
(www.kompetenznetz-patientenschulung.de). A group of experts
from a wide range of professions (medicine, psychology, education,
pediatric nursing, nutrition science, movement therapy) established
a modular education program (ModuS) which has also been used
successfully for IBD. The website http:/between-kompas.com is defi-
nitely worth a visit, as it contains much more information on the topic
of transition than can be covered in this booklet.

Is the patient ready to transition?

Several years ago, the North American Society for Pediatric Gastro-
enterology, Hepatology and Nutrition (NASPGHAN) published a check-
list to help patients assess their own capabilities [Baldassano et al.
2002].
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NASPGHAN checklist

Early adolescence (age 12-14)

New knowledge and responsibilities

— | can describe my Gl condition.

— | can name my medications, the amount and times | take them.
— | can describe the common side effects of my medications.

— I know my doctors’ and nurses’ names and roles.

— | can use and read a thermometer.

— | can answer at least one question during my health care visit.
— | can manage my regular medical tasks at school.

— | can call my doctor’s office to make or change an appointment.
— | can describe how my Gl condition affects me on a daily basis.

Mid adolescence (age 14-17)

Building knowledge and practicing independence

— | know the names and purposes of the tests that are done.
— | know what can trigger a flare of my disease.

— | know my medical history.

— I know if | need to transition to an adult gastroenterologist.
— | reorder my medications and call my doctor for refills.

— I answer many questions during a health care visit.

— | spend most of my time alone with the doctor during visit.
— | understand the risk of medical non-adherence.

-l understand the impact of drugs and alcohol on my condition.
-l understand the impact of my Gl condition on my sexuality.

Late adolescence (age 17+)

Taking charge

— | can describe what medications | should not take because they might interact with the
medications | am taking for my health condition.

— | am alone with the doctor or choose who is with me during a health care visit.

— | can tell someone what new legal rights and responsibilities | gained when | turned 18.

— I manage all my medical tasks outside the home (school, work).

— I know how to get more information about IBD.

— | can book my own appointments, refill prescriptions and contact medical team.

— | can tell someone how long | can be covered under my parents’ health insurance plan and
what | need to do to maintain coverage for the next two years.

— | carry insurance information (card) with me in my wallet/purse/backpack.
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