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Chapter 1

- Background and Aims of the Study Project —

Functional gastrointestinal disorders (FGIDs) include a combination of chronic or recurrent
gastrointestinal symptoms not explained by known biochemical or structural abnormalities (1).
FGIDs are multifactorial conditions and several pathophysiological mechanisms appear to contribute
to their onset. The most widely accepted pathophysiological hypothesis is the “biopsychosocial
model” that involves interactions between an altered physiology (e.g., GI motility disturbances, and
visceral hyperalgesia), and psychosocial factors that, via the gut-brain axis, cause the occurrence of
Gl symptoms in genetic susceptible subjects. However, the precise pathogenetic mechanism leading
to the onset of FGIDs has not yet been clarified.

Due to the lack of specific markers, FGIDs are currently diagnosed according to the Rome
criteria. The Rome criteria are intended as a guide for the clinician, since they provide a standardized
definition and classification for FGIDs. The first meeting of the paediatric working team was held in
Rome in 1997, seven years after the publication of the first classification for adult FGIDs, and led to
the drafting of the first paediatric classification (1); since then, the Rome criteria have been regularly
updated (2, 3).

In accordance to the Rome criteria, FGIDs can be divided into two main groups: FGIDs of the
neonate/toddler, and FGIDs of the child/adolescent (Table 1). The advantage of using the Rome
criteria in the clinical practice is that they allow a “positive” approach to the patient, avoiding
unnecessary tests to rule out an organic cause, with a consequent beneficial effect on both patient's
health and healthcare costs. In fact, FGIDs are associated with significant costs: only in the US, from
1997 to 2009, the number of discharges with a primary diagnosis of FGIDs has risen, and the total
mean cost per discharge increased from $6.115 to $18.058 (4). In addition, a recent study from
Hoekman et al. confirmed that FGIDs, and in particular functional abdominal pain disorders,

represent a huge economic burden for the society, with an estimated annual cost/patient of €2.512,



with half of the costs consisting of inpatient/outpatient healthcare use, and one-fourth of the costs
related to parental productivity loss (5).

One of the difficulties in the clinical management of FGIDs is that usually, due to the severity
and recurrence of the GI symptoms, there is a reluctance of the family to accept a “positive” diagnosis.
This leads to a continue searching for an organic cause by consulting multiple referrals and looking
for additional investigations. This kind of approach is unfavourable, not only in terms of costs, but
especially for the patient’s perspective. In fact, it has been demonstrated that the execution of several
negative clinical tests and non-acceptance of medical reassurance tend to perpetuate the disease in
the child (6).

Another problem related to the management of FGIDs is that, in spite of the Rome criteria,
diagnostic approach to FGIDs still varies widely among different countries, due to several factors,
including cultural customs. Currently, in many countries the diagnosis of FGIDs is still considered
an exclusion diagnosis, inferred after several inappropriate investigations and medical visits, with
high burden in terms of patient’s anxiety and healthcare costs, due to the abovementioned reasons.

Over the last years, interest in the study and recognition of FGIDs in children has increased.
Nevertheless, despite some promising developments, more research is needed to further understand
the pathophysiology and treatment of these conditions that remain one of the great challenges in

modern paediatric gastroenterological practice.

Given these premises, the main aims of the present Ph.D. thesis were:

1. to evaluate the current diagnostic-therapeutic approach to FGIDs;

2. to define the prevalence of FGIDs in the Mediterranean part of Europe;

3. to improve and standardize clinical trials in FGIDs.



Table 1. Rome 1V classification of Childhood Functional Gastrointestinal Disorders

FUNCTIONAL GASTROINTESTINAL DISORDERS: NEONATE AND TODDLER

Infant regurgitation

Infant rumination syndrome
Cyclic vomiting syndrome
Infant colic

Functional diarrhea

Infant dyschezia

FUNCTIONAL GASTROINTESTINAL DISORDERS: CHILD AND ADOLESCENT

Functional nausea and vomiting disorders

Cyclic vomiting syndrome

Functional nausea and functional vomiting
Rumination syndrome

Aerophagia

Functional abdominal pain disorders

Functional dyspepsia

Irritable bowel syndrome

Abdominal migraine

Functional abdominal pain-not otherwise specified

Functional defecation disorders

Functional constipation

Nonretentive faecal incontinence




Chapter 2

- The origins of Functional Gastrointestinal Disorders —

2.1 Exploring hypotheses and rationale for causes of infantile colic

Infantile colic (IC) is one of the most frequent FGIDs of the neonate/toddler, with an estimated
prevalence ranging from 5% to 28%, accounting for 10-20% of all the paediatric visits of infants
aged 2 weeks to 3 months (7). IC is characterized by paroxysms of irritability and inconsolable crying
and typically presents in the second or third week after birth, with a peak at 5-8 weeks of age; it
usually resolves spontaneously by 4 months of age. Currently, diagnosis of IC is based on the Rome
IV criteria, that include all of the following, in infants from birth to 5 months of age: a) paroxysms of
irritability with fussing or crying that start and stop without obvious causes; b) symptoms lasting >3
hours/day and occur >3 days a week for at least 1 week; c) no failure to thrive.

Infantile colic is usually benign and self-limiting, in fact an organic cause for the clinical
manifestations is found in less than 5% of the infants (8). Pathogenesis of IC, as most FGIDs, is still
unclear and has been associated with different factors, such as allergy to cow’s milk proteins,
alterations in gut hormones and intestinal microflora, behavioral problems (e.g. parental anxiety),
increasing maternal age, and maternal smoking (9). It has also been hypothesized that IC represents
the last stage of the physiological “crying curve” of the development of healthy infants (7). Taking
into account all these factors, it is not surprising that actual therapeutic options for IC are non-specific
and not driven by substantial data.

Since there is still an unmet clinical need, as current treatments are not efficacious, we decided
to review the literature on the current management of IC, including nutritional options, prebiotics,
probiotics, and synbiotics.

Nutritional Modifications

The literature regarding nutritional changes in IC management is extensive, with numerous studies

evaluating the efficacy of hydrolysed formulas in bottle-fed infants, or low-allergen maternal diets in



breastfed infants. Several studies demonstrated an effect of hydrolysate milk on infant distress and
crying time (10-12). Nevertheless, for all these studies the level of evidence is low, due to weak
methods, unclear randomization procedure, incomplete reporting of the data, or unmasked blinding.
For this reason, the recommendation is to avoid changes in the type of formula, if the child is thriving.
However, based on clinical reasoning, in a selected subset of formula-fed infants (e.g. children with
atopy), a trial with a hypoallergenic formula may be an effective treatment for IC (13, 14). In addition,
the use of a low-lactose or a high-fibre formula is not supported by evidence of sufficient quality,
while soy-based formulas are not recommended during the first 6 months of life due to the high
phytoestrogens content that may affect long- term reproductive health (15)

Pharmacological Approaches to IC

Several medications have been proposed for the treatment of 1C, such as simethicone, dicyclomine
hydrochloride, or cimetropium bromide. However, due to the uncertain efficacy for the management
of IC, and considering the reported side effects for some of them (e.g. dyspnea, respiratory collapse,
apnoea, and asphyxia reported for dicyclomine), pharmacological treatment is not recommended for
the management of colicky infants.

Behavioral Approaches to IC

Manipulation of the vertebral column is not recommended, due to the lack of evidence on
effectiveness and safety (a case of death after manipulation of the cervical and thoracolumbar spine
is reported). The level of evidence regarding the effectiveness of increase carrying, reduce

stimulation of the child, and avoid lifting and patting the baby is low.

In summary, none of the currently available treatments for the management of IC appears to
be effective, also because of a lack of uniformity in the definitions of IC, primary outcomes and
instruments used in the different intervention trials. For this reason, we then decided to examine also
the evidence available for three hypothetical mechanisms that could be involved in the etiology of

IC: immaturity of GI motility, immaturity of bile acids absorption with subsequent alteration of



absorptive mechanisms, and alterations in the microbiome. The understanding of these potential
mechanisms could allow the development of new therapeutic strategies for IC.

Immaturity of the Intestinal Motility

Considering the evidence of a transient dysregulation of small intestinal motility, that depends on
both the extrinsic and enteric neural control, it is possible that immaturity of the enteric nervous
system during development may cause intestinal hypermotility and contribute to the development of
IC (16, 17).

Bile Acid Immaturity

Several elements of the enterohepatic circulation are altered in the neonate, such as:

a) levels and composition of the bile in the GI tract and in the serum, with serum concentrations of
bile acids that increase gradually reaching a peak at 1 month of life, and slowly decrease starting from
5 months of age (18-20);

b) immaturity of the alternative pathway of bile acids synthesis, with a higher cholic acid (CA) to
cheno-deoxycholic acid (CDCA) ratio and a higher glycine/taurine ratio (21). Interestingly, there is
a decline in the ratios of CA/CDCA and of glycine/taurine conjugate in most infants within 4-5
months of age, which corresponds to the timing of resolution of IC;

c) immaturity in the intestinal absorption of bile salts, with an impairment of the enterohepatic
circulation that allows the passive absorption of a fraction of bile salts with subsequent loss of part of
the pool, that may contribute to the steatorrhea and “diarrhea” of the newborn (22, 23);

d) steatorrhea in the neonatal period, that often occurs during the first month of life (24).

The presence of steatorrhea and the alterations in bile acids can regulate the composition of the gut
microbiome (25).

Alterations of the Gut Microbiome

It has been demonstrated that colicky infants are more frequently colonized with Clostridium difficile
during the time of colic than age-matched controls; this difference disappears by the age of 3 months,

even if stool fatty-acid profiles between the infants who had suffered from severe colic compared to



control infants are still different (26). Moreover, faecal samples of infants with 1C have higher counts
of coliform bacteria and lower counts of lactobacilli compared with children not suffering from colic

(27, 28).

In conclusion, the immaturity in hepatic synthesis, intraluminal levels, and intestinal
absorption of bile acids in the neonate could result in malabsorption of fat, with a potential secondary
effect on the gut microbiome composition. The alterations in the colonic microbial flora may result
in an increased nutrient fermentation and reduced levels of dehydroxylated bile acids with a

subsequent effect on colonic contractile activity (29).

The results of this review on therapeutic options and new pathogenetic hypotheses for
IC have been published in Neurogastroenterolgy and Motility in 2017.
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1 | DEFINITION, CRITERIA, AND
CAUSES OF INFANTILE COLIC

Infantile colic (IC) often results in excessive crying and accounts for
10-20% of pediatrician visits of infants aged 2 weeks to 3 months.
In 2001, it was reported to cost the United Kingdom National Health
Service in excess of £65 million per year.2 Infantile colic is a syn-
drome characterized by paroxysms of irritability and inconsolable
crying and screaming, accompanied by clenched fists, drawn-up legs,
and a red face. It presents typically in the second or third week after
birth, and peaks at 5-8 weeks of age; it usually resolves spontane-
ously by 4 months of age. The prevalence is estimated to be between
5% and 28%.1 The currently used diagnostic criteria for IC are the
Rome IV criteria, which include all of the followings: (i) paroxysms
of irritability with fussing or crying that start and stop without obvi-
ous causes; (ii) symptoms lasting 23 hours a day and occur 23 days
a week for >1 week; (iii) absence of failure to thrive, in infants from
birth to 5 months of age. These criteria are adapted from the “Rule of
Three” originally proposed by Wessel et al.%: 3 hours per day, 23 days
per week, 23 weeks. An underlying organic cause for the colic is
found in less than 5% of these infants. Thus, it is usually benign and

Background: Infantile colic is a frequent problem in neonates and infants. This review
addresses current management including the results for nutrient modifications; soy-
based formulas; and prebiotics, probiotics, and synbiotics.

Purpose: Given the evidence that there is still an unmet clinical need, as current treat-
ments are incompletely efficacious, we have examined the evidence around three hy-
pothetical mechanisms that could potentially be involved in etiopathogenesis of
infantile colic: immaturity of bile acid mechanisms that alter intraluminal and absorp-
tive mechanisms, immaturity in motility and alterations in the microbiome.
Understanding these potential mechanisms may lead to the introduction of diagnostic

procedures that should enhance the selection or individualization of therapy for infan-

formulas, nutrition, prebiotics, probiotics, synbiotics

self-limit‘ing.4 Pathogenesis of IC is still unclear, but it has been associ-
ated with different causes, such as alterations in intestinal microflora
and gut hormones, gas production, allergy to cow’s milk proteins, be-
havioral problems (e.g. family tension and parental anxiety), increasing
maternal age, first born status and maternal smoking.5 Moreover, it
is also possible that IC represents the last stage of the physiological
developmental “crying curve” of healthy infants, with no evidence that
the crying is caused by pain in the abdomen or any other part of the
body.! Given these diverse associations, it is not surprising that treat-

ment is non-specific and not driven by data.

2 | CURRENT APPROACHES TO
TREATMENT OF IC

In this section, we will summarize the findings of several systematic
or narrative reviews that evaluated the different types of pharma-
cological, nutritional, and behavioral interventions available for the
treatment of IC. The role of probiotics, prebiotics, and synbiotics
is discussed in the section on the hypothesis of alterations in the
microbiota.

Neurogastroenterol Motil 2017; 29: e12943;
DOI: 10.1111/nmo.12943

wileyonlinelibrary.com/journal/nmo

© 2016 John Wiley & Sons Ltd | 1of11
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3 | PHARMACOLOGICAL APPROACHES

Neurogastroenterology & Motility

Hall et al.> and Lucassen® systematically reviewed literature on treat-
ments for IC. Considering pharmacological treatment, two different
randomized controlled trials (RCTs) found no difference when simethi-
cone, which prevents gas bubbles from forming in the gastrointestinal
tract, was compared to placebo.7' 8 On the contrary, one RCT found
simethicone to be effective in the management of crying attacks.’
Nonetheless, this study was of poor-quality and the definition of col-
ics was not clear.® Regarding dicyclomine hydrochloride, an anticho-
linergic agent with a relaxing effect on smooth muscle, two different
RCTs'® ™ found favorable results on crying time. However, due to
reported side effects, such as dyspnea, respiratory collapse, apnea, as-
phyxia, pulse rate fluctuations, and muscular hypotonia, this drug is not
approved for use in infants younger than 6 months of age.5 Finally, the
last drug assessed for the management of IC is cimetropium bromide,
a muscarinic antagonist with direct spasmolytic activity. There is only
one RCT available, and the authors describe a significant decrease in
the duration of colic episodes with cimetropium bromide compared
to placebo.12 However, an increase in sleepiness is reported, and the
level of evidence is poor because of methodological fails.® Due to the
uncertain efficacy for the management of IC and considering the pos-
sible adverse effects, this drug has never been approved for use in
the U.S. and Canada. In conclusion, pharmacological treatment is not

recommended for the management of infants with colics.

4 | NUTRITION MODIFICATION

Numerous studies have evaluated the efficacy of hydrolyzed formu-
las in bottle-fed infants or low-allergen maternal diets in breastfed
infants. The effect of casein hydrolysate milk has been evaluated in
several studies. In a recent review, Lucassen®® identified two RCTs
that demonstrated an effect of this intervention on infant distress and

.14 compared the effects of

crying time. The first study from Hill et a
maternal hypoallergenic diet/casein hydrolysate formula to standard
care (breast milk or cow’s milk formula), and found a significant reduc-
tion in infants’ distress level in the active diet group compared to the
standard care group. In the second study,15 Arikan et al. found that an
hydrolyzed formula administered for 7 days was effective in reduc-
ing the duration of crying in colicky infants, compared with baseline.
Nevertheless, for both studies, the level of evidence is very low, due
to weak methods or incomplete reporting of the data.'® Moreover, a
study by Jakobsson et alé highlighted a reduction in crying duration
using two types of casein hydrolyzed formulas vs cow’s milk formula,

while Forsyth17

found no significant difference between casein hydro-
lysate and cow’s milk formula. In addition, for these two last studies
the level of evidence is poor due to unclear randomization and lack of
calculation of patients needed to treat.”

Similarly, another RCT!® compared whey hydrolysate milk to
cow’s milk formula, and showed a reduction in crying from baseline.
Yet, the quality of evidence is low due to unmasked blinding. Another

study19 highlighted a reduction in the number of colic episodes using

Key Points

e Infantile colic, typically manifested as excessive crying in in-
fants, accounts for 10-20% of pediatrician visits of infants
aged 2 weeks to 3 months

e The published literature (including systematic reviews) on
therapy for infantile colic reveals significant unmet needs de-
spite the use of specialty nutrition, milk formulas, prebiotics,
probiotics, and synbiotics

® There is evidence in support of three mechanisms for infan-
tile colic which are related to the transient immaturity of in-
testinal functions: the enterohepatic functions and bile acid
homeostasis, gastrointestinal motility, and the colonic micro-
biome. Further integrated studies of these mechanisms are
recommended to find novel approaches for diagnosis and

therapy of this common and distressing condition.

a partially hydrolyzed whey formula with oligosaccharides, B-palmitic
acid, and low lactose. Nevertheless, the presence of several modified
ingredients makes it difficult to evaluate the effects of whey hydroly-
sate alone.’

Considering all the aforementioned evidence, the recommenda-
tion is to avoid changes in the type of formula if the child is thriving.
However, in a selected subset of formula-fed infants, such as children
with atopy, a trial with a hypoallergenic formula may be an effective
treatment for I1C,2% 2 though it is important to highlight that this sug-
gestion is not based on evidence from RCTs, but on clinical reasoning.13

The benefits of soy-based formulas in treatment of IC are not
supported by evidence of sufficient quality,13 In addition, due to the
high phyto-estrogen content that may affect long-term reproductive
health, soy-based formulas are not recommended for use in healthy in-
fants and should not be used during the first 6 months of life, as stated
by the European Society of Pediatric Gastroenterology, Hepatology,
and Nutrition Committee on Nutrition.??

The use of low-lactose milk or high-fiber formula is ineffective and

is not supported by evidence of sufficient quality.s' 13

4.1 | Summary of nutrition modification

Changes in infant formula are often tried based on assumption that
there may be intolerance or allergy, but this is seldom present, and it
is important to emphasize avoiding changes in the type of formula if
the child is thriving and only consider a hypoallergenic formula if there
is evidence of atopy.

5 | BEHAVIORAL APPROACHES

Chiropractic manipulation helps some patients, but may be no more
effective than a nurse’s cuddling for 10 minutes. In a meta-analysis,
when combining only those trials with a low risk of such performance

bias, the results of manipulation did not reach statistical signiﬁcance.23
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Moreover, a case of death after manipulation of the cervical and
thoracolumbar spine in a 3-months-old infant is reported. For this
reason, considering the lack of evidence of safety and effectiveness,
manipulation of the vertebral column is not recommended.*®

The advice to increase carrying,24 to reduce stimulation of the child
by not lifting and patting the baby,?’ to use a car ride simulator or the

counseling of the mother about specific management techniques?® are

not proven to be effective, and the level of quality of evidence is low. 3

6 | SUMMARY OF THE EVIDENCE

Itis important to highlight that a recent systematic review from Steutel

etal?’

showed a general lack of agreement about definitions, primary
outcome measures, and instruments used in intervention trials on IC.
Therefore, this lack of uniformity makes it difficult to evaluate and
compare the results of the different trials. Even with the limitations
associated with the lack of uniformity, the systematic analyses of the
trials generally reach the same conclusion, that is, that none of the
currently available treatments appears to be effective in the manage-
ment of IC. For this reason, given the unmet clinical need, we explored
alternative hypotheses that could lead to the identification of the
mechanism(s) of IC, and may lead to opportunities for individualizing
treatment of IC in the future.

7 | HYPOTHESES

Given the prevailing timing of IC, which presents typically in the sec-
ond or third week after birth, peaks at 5-8 weeks of age, and usu-
ally resolves spontaneously by 4 months of age, we explored three
hypotheses:

Firstly, immaturity of hepatic synthesis, reduced intraluminal levels
of bile acids, and impaired ileal absorption of bile acids in the neonate
result in malabsorption of fat and other nutrients, with potential for
secondary effects on colonic microbial flora.

Secondly, the colonic microbial flora are abnormal and result in in-
creased nutrient fermentation and reduced levels of dehydroxylated
bile acids in the colon.

Thirdly, immaturity of the enteric nervous system (ENS) leads to
abnormal motor and sensory functions of the intestine and colon.

Overall, the literature provides evidence for interaction among
these three mechanisms, and this review highlights the interplay
among these mechanisms and the potential for their identification that

may lead to novel approaches to the management of IC.

8 | LITERATURE SUPPORTING THE
HYPOTHESIS OF BILE ACID IMMATURITY

There are several elements in the enterohepatic circulation that are
immature in the neonate, based on animal and human studies. The

evidence is summarized here:

Neurogastroenterology & Motility {1 N

8.1 | Abnormal levels and composition of bile in the
alimentary tract and serum

Reductions in bile salt pool size, synthesis, and intestinal concentra-

tions have been demonstrated in neonates?®??;

maturity may be
influenced by dexamethasone or phenobarbital administered to the
mother prior to delivery. In addition, Kawasaki et al.%0 showed that
serum concentrations of primary and total bile acids increased gradu-
ally in the neonatal period, with peak serum levels reached at 1 month
of age, with predominance of primary serum bile acids by 3 months
of age, with a significant increase in the primary total bile acid ratio
by 5 months of age and declining to the ratios observed in adults by

4-6 years of age.

8.2 | Fasting duodenal aspirate bile acid

Measurements of fasting duodenal aspirate bile acid showed higher
cholic acid (CA) to chenodeoxycholic acid (CDCA) ratio and higher gly-
cine to taurine conjugates of the bile acids (both being 3-alpha-hydroxy
bile acids) at younger postnatal age in human milk-fed preterm in-
fants.?! These data suggest immaturity in the alternative pathway of
bile acid synthesis, which requires 27 alpha hydroxylase steps in the
biosynthesis from cholesterol. In addition, the increased glycine con-
jugation suggests failure of peroxisomal function, as the normal ratio
of conjugates is 3:1 (glycine to taurine). Interestingly, there is a decline
in the ratio of CA to CDCA and glycine to taurine conjugate ratio in
most infants within about 4-5 months, which corresponds to the tim-

ing of resolution of IC.

8.3 | Fetal gallbladder bile

Profiles (collected postmortem) of fetal gallbladder bile are similar to
those in the intestine with the exception of sulfate conjugate532 and
the proportion of deoxycholic acid (DCA). Thus, one study noted that
DCA was notably absent from the bile of infants and some children,33
and this may suggest that the dehydroxylation of CA by colonic bac-
teria may have contributed to the absence of DCA in the gallbladder
bile; however, this was based on bile from gallbladders obtained post-
mortem from 30 human subjects rather than from otherwise healthy
subjects.

The significance of this finding relative to intestinal colic is unclear,
although studies in infants and children with inborn errors of bile acid
metabolism (such as defects in amidation) may present with fat-soluble
vitamin deﬁciency34 and illustrate the potential role of immaturities in
bile acid synthesis in the neonate.

8.4 | Immaturity in hepatic synthesis of bile acids

Immaturity in hepatic synthesis of bile acids is supported by evidence
of abnormal levels of nuclear receptors in developing rat hepato-
cytes.35 Thus, bile acid transporters (FXR, PXR, LXR-alpha, PPAR-
alpha, RAR-alpha, LRH1, and SHP) involved in bile acid formation are

poorly developed in the fetal stage, but their expression gradually

13
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matures postnatally and reaches adult levels by 4 weeks of age. This

Neurogastroenterology & Motility

immaturity of hepatic synthesis might therefore be a factor in the IC
observed in the first 4 weeks postnatally, but may be one of the fac-
tors that initiates the cascade of events leading to IC observed after

4 weeks of age.

8.5 | Immaturity in intestinal absorption of bile salts

In a series of landmark studies, Lester et al. investigated immatu-
rity in intestinal absorption of bile salts. They showed that the ileal
mechanism for active transport of taurocholate was undeveloped in
the fetus and newborn infant, leading to the conjecture that entero-
hepatic circulation of bile salt during the perinatal period is limited to
that fraction of bile salt absorbed passively, thus resulting in loss of
bile salt from the immature intestine that may contribute to steator-
rhea and to the “diarrhea” of newborn infants3® 37; similar findings
were observed in dogSA38 Lester®® drew attention to the analogy be-
tween immaturity of bilirubin conjugation and excretion in neonatal
jaundice that resolves itself in a few days, and immaturity in bile acid

production and function, that resolves in a few weeks.

8.6 | Steatorrhea in neonatal period

Watkins et al.*° reported that total fecal lipid excretion is normal in
infants 3-11 days and 23-72 days of age (n=4 in each group, median
11.65 g [IQR 7.65, 17.2] in neonates, 6.6 [5.7, 15.9] in older infants,
P=.49); however, they demonstrated that, the presence of increase in
neutral fecal lipid (e.g. monoglycerides) in neonates may reflect either
defective lipolysis in newborn infants (which may result in insufficient
lipid micellization and/or mucosal transport for optimal lipid absorp-
tion) or colonic bacterial hydrolysis of triglycerides.40

In addition, steatorrhea often occurs during the first month, and
decreases during the first postnatal month (as shown by the fall in
the steatocrit curve from 7th to 28th day) and, by 45 days, few babies
have steatorrhea.*!

In the next section, we discuss the potential relationship be-
tween changes in bile acids and the microbiome, to which one can
also add the potential that steatorrhea in the neonate could result in
additional perturbation that may lead to IC, for example in the pres-
ence of high concentrations of fatty acids or bile acids in the infant’s
colon. Although such studies have not been conducted in infants or
children, it has been demonstrated in adults that higher concentra-
tions of long chain and short chain fatty acids, and even relatively low
concentrations of the bile acid, CDCA (1 mM infused into the distal
colon), can induce high amplitude propagated contractions*? %% that

are frequently sensed or may be associated with pain.

9 | LITERATURE SUPPORTING MICROBIAL
ALTERATIONS IN THE NEONATE

Immediately after birth, a diverse flora of staphylococci, strepto-

cocci, enterococci, and enterobacteriaceae colonizes the sterile gut.

Anaerobic colonization occurs in the second day of life starting with
bifidobacteria.** Infants receive their ‘original inoculum’ of bacteria
prenatally with the transfer of bacteria through umbilical blood, by
contact with vaginal and intestinal microbiota during birth and by
skin contact and milk during breast-feeding. This colonization may be
essential for the maturation of the gut-associated lymphoid tissue,
and intestinal epithelial homeostasis.** ¢ In 14 healthy, full-term
infants followed from birth to 12 months of age, the composition
of the microbiota varied widely from baby to baby, but within an
individual baby, there were recognizable features of the microbial
community for months, and the intestinal microbiota began develop-
ing toward an adult profile 5 days after birth and had evolved toward
the characteristics of the adult gastrointestinal microbial profile by
1 year of age.47 Nevertheless, more recent studies showed that the
adult GI microbial profile is not yet reached by 1 year of age.48’ 49
Two important principles regarding the gastrointestinal microbiota
in infants are the transfer from mother to infant during the perinatal
period50 and adaptation to the specific environment of the child, as
demonstrated by comparisons of the gut microbiota of 6-month-old
infants who were breast-fed and received an age-appropriate diet
typical for each area living in rural Malawi (higher proportions of
Bifidobacteria and Bacteroides/Prevotella group bacteria) compared
to urban Finland (Clostridium perfringens and Staphylococcus au-
reus).>* While both the type of feed and the mode of delivery at
the birth of the infant have major impact on gut microbiome, the
literature does not provide strong evidence that infants that are
breastfed compared to formula fed, or those born by vaginal delivery
compared to Caesarian section have differences in the prevalence of

infantile colic.

9.1 | Association of changes in microbiota and IC

In earlier studies, colicky infants were more frequently colonized
with Clostridium difficile during the time of colic than were the age-
matched controls; this difference disappeared by age 3 months,
when it was noted that stool fatty-acid profiles were different be-
tween the infants who had suffered from severe colic and the control
infants. The fatty-acid profiles were also influenced by the age of
the infant, the mode of delivery, antimicrobial drugs taken by the
mother during delivery, and breast-feeding and type of feeding.52
Fecal samples were found to have higher counts of coliform bacteria
and lower counts of lactobacilli in infants with colic symptoms com-
pared with children not suffering from colic®® 54; moreover, differ-
ent colonization patterns of lactobacilli were found among colicky
and healthy infants: Lactobacillus brevis and L. lactis were found only
in colicky infants, whereas L.acidophilus was found only in healthy
infants.>> Interestingly, L. delbrueckii subsp. delbrueckii DSM 20074
and L. plantarum MB 456 had antimicrobial effects against six spe-
cies of gas-forming coliforms isolated from colicky infants.>® These
interesting studies on different Lactobacillus species need replication
by other research groups.

In other studies, Klebsiella species were more prevalent in colic

patients than in control patients, whereas Enterobacter/Pantoea
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species were detected only in the control patients; in the same study,
fecal calprotectin levels were twofold higher in infants with colic
than in control infants.”” The proportion of Bifidobacterium counts
to total bacterial counts and to a lesser extent, the frequency of
Lactobacillus spp. at the age of 3 weeks were inversely associated
with the amount of crying and fussing during the first 3 months.>®
A probiotic Bifidobacterium breve B632 species inhibited growth of
gas-forming Enterobacteriaceae in fecal microbiota cultures from a
colicky infant.>?

Using phylogenetic microarray for studying the human gastroin-
testinal microbiota (the human intestinal tract chip [HITChip] assay),
infants with colic showed lower microbial diversity and stability than
control infants in the first weeks of life; there were also differences
in the abundance of certain bacteria at 2 weeks suggesting that mi-
crobial signatures may explain the colic phenotype.60 The colic phe-
notype correlated positively with specific groups of proteobacteria,
including bacteria related to Escherichia, Klebsiella, Serratia, Vibrio,
Yersinia, and Pseudomonas, but negatively with bacteria belonging to
the Bacteroidetes and Firmicutes phyla. The latter phyla include some
lactobacilli and canonical groups known to produce butyrate and
lactate.%?

It has been postulated that early increased levels of pathogenic
bacteria and reductions of lactobacilli, bifidobacteria or butyrate-
producing bacteria produce intestinal pain and inflammation in the
infant, and that this in turn causes excessive crying.62

9.2 | Trials of prebiotics, probiotics and synbiotics
inlC

Given the potential effects of prebiotics, probiotics, and synbiotics
on intestinal motility and sensory neurons, contractile activity of the
intestine, anti-inflammatory effects and alterations of the microbi-
ome, several studies have explored their potential clinical benefit
(Tables 1 and 2)63'71 and have also been evaluated in three recent
systematic reviews.”2"74 Although Lactobacillus reuteri may be effec-
tive as a treatment strategy for crying in exclusively breastfed infants
with colic, the evidence supporting probiotic use for the treatment
of IC or crying in formula-fed infants remains unresolved. The ad-
ministration of L. reuteri DSM 17938 at a dose of 108 CFU once a day
appears to reduce crying times in infants with IC, especially in exclu-
sively or predominantly breastfed infants.”2"’4 Nevertheless, these
industry-sponsored trials require replication, particularly in formula-
fed patients.

9.3 | Relationship of microbiome to bile acids

Perturbations of the microbiota shape the bile acid pool and modulate
the activity of bile acid-activated receptors. Bile acids, in turn, can also
regulate the composition of the gut microbiome at the highest taxo-
nomic levels.”> Several molecules made or modified by the microbiota
including short-chain fatty acids, succinate, mucin O-glycans, second-
ary bile acids, and the Al-2 quorum sensing auto-inducer affect the

growth and virulence of pathogens.76
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10 | LITERATURE SUPPORTING
IMMATURITY OF INTESTINAL MOTILITY IN
NEONATE AND INFANCY

There is evidence of transient dysregulation of the repertoire of small
intestinal motility that facilitates normal propulsion and depends on
the function of the extrinsic and enteric neural control. Thus, it is pos-
tulated that immaturity of the ENS during development may cause
intestinal hypermotility in infants with colic, particularly during the
first few weeks of life. There are no formal motility studies to sup-
port abnormal gastrointestinal motility in patients with infant colic;
the circumstantial evidence supporting this hypothesis is based on the
evidence of immaturity of normal patterns of motility in prematurity
and neonates, and evidence of postnatal, delayed maturation of inter-
stitial cells of Cajal (pacemakers in the intestine) in cases of neonatal
pseudo—obstruct'ion.77

In the following sections, we review the normal development of
the neural control of gut motor functions [reviewed in detail else-
where”®], abnormal motor repertoire associated with prematurity, and

potential therapeutic approaches to normalize the dysfunction.

10.1 | Ontogeny of neural control of intestinal
motility

The ENS develops in utero by migration of neural crest cells to the
developing alimentary canal. The ENS cells are derived from precur-
sor cells from three axial levels of the neural crest. Vagal neural crest
cells from the developing hindbrain colonize the gut by migration in a
rostro-caudal direction; whereas, enteric neurons arrive in the hindgut
from the lumbosacral level via a caudo-rostral wave of colonization.
Movement of the neural crest cells through the gut mesenchyme, sur-
vival in the gut, and differentiation into mature cells are influenced by
the microenvironment within the developing gut. Thus, migration of
neural crest cells and the sequence of innervation of different levels of
the gut are regulated by specific signaling molecules that include tran-
scription factors, neurotrophic factors (e.g., the glial-derived neuro-
trophic factor and its receptor subunits), and the neuregulin signaling
system. These facilitate the growth, differentiation, and persistence of
the migrating nerve cells once they arrive in the gut. Neuregulins are
structurally related signaling proteins, which are likely to have impor-
tant roles in the development, maintenance, and repair of the nervous
system and other selected tissues.

10.2 | Evidence of immature small intestinal motility

The Berseth group conducted an extensive series of studies of antral

and small intestinal motility in preterm and term infants.”? 82

10.2.1 | Duodenal motility patterns

In preterm and term infants, dudodenal motility patterns differ.

Intestinal motor characteristics are more immature in preterm than
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TABLE 1 Trials with L. reuteri strains in infantile colic

Author, year
(ref. no)

Savino et al.
2007 (69)

Savino et al.
2010 (96)

Szajewska
et al. 2013
(71)

Sung et al.
2014 (70)

Chau et al.
2015 (63)

Mi et al. 2015
(67)

Type of study/study
population/intervention

Prospective, open-label,
randomized controlled trial

® 83 breastfed infants

L. reuteri ATCC 55730 (10°
CFU), once a day for 28 days
vs simethicone (60 mg/day),
twice a day for 28 days

Randomized, double-blind,
placebo-controlled trial
46 exclusively breastfed
infants

L. reuteri DSM 17938 vs
placebo, once a day for

21 days

Randomized, double-blind,
placebo-controlled trial

80 exclusively or predomi-
nantly (>50%) breastfed
infants

L. reuteri DSM 17938 (108
CFU) vs placebo, once a day
for 21 days

Randomized, double-blind,
placebo-controlled trial

167 breastfed or formula-fed
infants

L. reuteri DSM 17938

(108 CFU) vs placebo
(maltodextrin), once a day for
28 days

Randomized, double-blind,
placebo-controlled trial

52 exclusively breastfed
infants

L. reuteri DSM 17938 (108
CFU) vs placebo, once a day
for 21 days

Randomized, single-blind,
placebo-controlled trial

39 exclusively or predomi-
nantly breastfed infants

L. reuteri DSM 17938 (10°
CFU) vs placebo, once a day
for 28 days

CFU, colony forming unit.

Outcomes

e Reduction in daily average crying time

® Primary outcome: reduction in average
crying time on day 21

® Secondary outcomes: number of
“responders” (those who experienced a
decrease in the daily average crying
time of 50% from baseline) in each
group on days 7, 14, and 21; effects on
the intestinal microbiota

® Primary outcomes: “treatment success”
(reduction in the daily average crying
time 250%) at days 7, 14, 21, and 28;
duration of crying (minutes/day)

® Secondary outcomes: reduction in daily
average crying time; persistence of IC
after the intervention; parental
perception of colic severity; parental/
family quality of life

® Primary outcome: daily duration of cry
or fuss at 1 month

® Secondary outcomes: duration of cry or
fuss episodes; number of cry or fuss
episodes; sleep duration of infants;
maternal mental health; family
functioning; parents quality of life;
infants functioning; infant fecal
microbiota; calprotectin levels

® Primary outcome: reduction in the
duration of average crying and fussing
times, from baseline to day 21, to
<3 hours/day

e Secondary outcomes: number of
“responders” to treatment (those who
experienced a decrease in the daily
average crying and/or fussing time
250% from baseline) on days 7, 14 and
21

® Primary outcome: “treatment success”
(reduction in the daily average crying
time 250%)

® Secondary outcomes: mean reduction in
daily average crying time, parental
satisfaction, and reduction in maternal
depression

Results

Significant reduction in daily median crying
times in probiotic group vs simethicone group
at day 28 (P<.001)

Significant reduction in daily median crying
time in the probiotic group vs placebo group
(P=.22), at day 21

Significantly higher number of responders in
the probiotic group compared with placebo
group, at times 7, 14, and 21 (P=.006, P=.007,
and P=.36, respectively)

Significant increase in fecal Lactobacilli
(P=.002), and reduction in fecal Escherichia
coli in the probiotic group (P=.001). No
differences in Bifidobacteria and C. butyricum

Treatment success significantly higher in the
probiotic group vs the placebo group, at all
time points (P<.05)

Significant reduction in median daily crying
time in the probiotic group at days 14, 21,
and 28 (P<.0001)

Significant reduction in parental perception
of colic severity, and improved parental/
family quality of life in the probiotic group
compared with the placebo group (P<.0001).

At 1 month, the probiotics group cried or
fussed 49 minutes/day more than the
placebo group (P=.02). Difference mainly due
to more fussing in the probiotic group
(P=.002)

No significant difference in all secondary
outcomes

Total average crying and fussing times
shorter in the L. reuteri group vs the placebo
group (P=.028)

Significantly greater reduction in daily crying
and fussing times in the probiotic group vs
placebo group (P=.045), at the end of the
treatment

Treatment success in 100% of the probiotic
group vs 15.7% of placebo group (P<.01), at
the end of the treatment period

Significant reduction in daily crying time in
the probiotic group (P<.01)

Significant improvement of parental
satisfaction and maternal depression (P<.01)

16



CAMILLERI ET AL.

TABLE 2 Trials with L. rhamnosus GG, prebiotics and synbiotics in infantile colic

Authors, year

Type of study/study population/

Neumqaslmentemlngy&Mnlilitv' 'av'f: M

(ref. no) intervention Outcomes Results
Dupont et al. e Randomized, multi-center, double-blind, e Effects on crying, irritability, e No differences between the two
2010 (64) placebo-controlled trial and agitation without crying groups for crying duration

Partty et al. 2013 °
(68)

66 formula-fed infants

Experimental formula (enriched with
alpha-lactalbumin, L. rhamnosus,
Bifidobacterium infantis, reduced in protein
and lactose contents, and thickened with
corn starch) vs control formula

Randomized, double-blind, placebo-con-
trolled trial

® 94 preterm infants

Giovannini et al. °
2014 (65)

Prebiotic mixture of galacto-oligosaccha-
rides and polydextrose 1:1 (600 mg/day)
vs L. rhamnosus GG ATCC 53103 (109
CFU) vs placebo (microcrystalline,
cellulose, and dextrose anydrate), once a
day from days 1 to 30 and twice a day
from days 31 to 60

Randomized, double-blind, parallel group
trial

e 199 breastfed infants and 163 formula-fed
® Formula-fed infants randomized to either

Kianifar et al. °
2014 (66)

control formula or a GOS-supplemented
formula (0.4 g/100 mL)

Randomized, double-blind, placebo-con-
trolled trial

® 50 breastfed infants
e Synbiotic mixture (1 billion CFU of seven

CFU, colony forming unit.

probiotics: L. casei, L. rhamnosus,
Streptococcus thermophilus, Bifidobacterium
breve, L. acidophilus, B. infantis,

L. Bulgaricus; and fructo-oligo-saccharides)
vs placebo, once a day for 30 days

duration
Effects on regurgitation,
flatulence/gas, and vomiting

Effects on infant crying,
fussing, and irritability, and
on microbiota development

Effects on Gl symptoms
(colic, stool consistency and
frequency, regurgitation)
Effects on the intestinal
microbiota

Primary outcome: “treatment
success” (reduction in the
daily average crying time
>50%)

Secondary outcomes:
symptom resolution
(reduction in daily crying time
>90%); duration of colic
(minutes/day); weight

Feeding-related Gl side effects were
significantly lower with the experimen-
tal formula (P=.01)

Significantly less frequent excessive
criers in the prebiotic and probiotic
groups vs the placebo group (P=.02)
Higher proportion of Lactobacillus-
Lactococcus-Enterococcus group
relative to total bacterial count in
stools of excessive criers vs contented
infants (P=.005)

Lower proportion of Clostridium
histolyticum-type bacteria to total
bacterial count in the fecal samples of
probiotic group compared to the
prebiotic and placebo groups (P=.047)

Supplemented group normal and soft
stools in 89% of the episodes;
significantly lower incidence of colic
Supplemented group had lower count
of Clostridium and higher count of
Bifidobacterium compared to the
control group

Treatment success higher in the
synbiotic group compared with
placebo group, at days 7 (P<.005) and
30 (P<.01)

Symptom resolution higher in the
synbiotic group vs the placebo group
at day 7 (P<.03) but not at day 30

term infants; clustered phasic contractions occur more frequently and
are of shorter duration and lower amplitude. Duodenal clusters are
significantly less common, but their amplitudes increase with increas-

ing gestational age.81

10.2.2 | Antral motility

Antral motility consists of isolated single contractions and clustered
phasic contractions in term and preterm infants, with no differences in
the occurrence or amplitude of antral activity between the two groups
of infants and with no change in antral motor activity with advancing
gestational age.79 The proportion of antral clusters that was tempo-
rally associated with duodenal activity was significantly lower in pre-
term infants than in term infants (P<.001). Moreover, the degree of
association of antral and duodenal activity increased significantly with

gestational age.

These data show that fasting antral motor activity is comparable in
preterm and term infants, and the temporal coordination of antral and
duodenal activity develops in association with progressive changes in
duodenal motor activity in the preterm infant. One way to enhance
the functional maturation of these motor functions is enteral feeding.
Thus, early-fed infants were able to tolerate full oral nutrition sooner,
had fewer days of feeding intolerance, and had shorter hospital stays
in preterm infants.8! This is also achieved with intragastric feeding,79
and the effect is specific for motor, rather than mucosal, maturation.82
In part, this maturation is also enhanced by the postnatal develop-
ment of gut neuroendocrine signals.80 Thus, fasting plasma gastrin
and peptide YY levels were low in the preterm human (n=19) and ca-
nine neonate during the first postnatal week, but the plasma levels of
both increased with postnatal age. Motor quiescence during fasting
(in contrast to the excessive incoordinated contractile activity mani-
fested as clustered phasic contractions) becomes a more prominent
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feature of newborn intestinal motor functions postnatally.75 The inhi-
bition of this contractile activity appears to coincide with the level of
peptide YY, which generally reduces contractile activity and is a major
factor in mediating the ileal brake in the mature gut.83'84 Conversely,
the motilin receptor agonist, erythromycin, is able to induce phase IlI
migrating motor complexes after 32 weeks' gestation, suggesting that
early use of erythromycin as a prokinetic agent may not be useful in
early preterm infants, may be partially useful in older preterm infants,
and may be most useful in full-term infants.®® Finally, the relevance
of the maturation of the motor repertoire is confirmed by experience
showing that assessment of intestinal motility serves as a useful clin-
ical guide in the feeding management of the newborn.8¢ These ob-
servations provide the basis for the hypothesis that enteric motor
immaturity may conceivably result in infantile colic.

11 | THERAPEUTIC OPPORTUNITIES FOR
IMMATURITY OF MOTOR FUNCTION

The extrinsic parasympathetic and sympathetic nerves serve to modu-
late the preprogrammed functions controlled by the ENS. The peristal-
tic reflex involves an afferent component that is mediated by intrinsic
primary afferent neurons, ascending contractions (e.g., cholinergic
and tachykininergic neurons), and descending relaxation (nitrergic or
vasoactive intestinal peptidergic neurons). The observation of normal
variability in heart rate in children with colic suggests that extrinsic
parasympathetic control of viscera is normal.8” Overall, the hypothesis
that IC may be a disorder of gastrointestinal motor function requires
further support through measurements of motility in infants with IC.
Meanwhile, the studies of the ontogeny of the enteric neural control
and maturation of the repertoire in small intestinal motility provide
support for the concept that dysregulation and immaturity of intestinal
motility contribute to the development of infantile colic.8® 87
Irrespective of the precise mechanism, there appears to be incoor-
dination or spasm of intestinal motility, and this has led to the use of

or cimetropium bromide,?

antispasmodic drugs, such as dicyclomine
which are generally muscarinic cholinergic antagonists. In addition, de-
velopment of interdigestive migrating motor complexes appears to be
associated with relief of colic. Such complexes are associated with high
motilin levels.”® ! Beneficial effects are reported with some herbal
teas, such as fennel, lemon balm and chamomile, or with phytothera-
peutic agents,”? ?° though the mechanisms and potential effects of all

of these therapies on motor incoordination are unclear.

12 | POTENTIAL INTERACTIONS BETWEEN
THREE HYPOTHETICAL MECHANISMS IN
INFANTILE COLIC AND CONCLUSION

Overall, the literature provides evidence for interaction among these
three mechanisms, and this review highlights the interplay among
these mechanisms and the potential for their identification that may
lead to novel approaches to the management of infantile colic.

The immaturity of hepatic bile acid synthesis, intraluminal levels,
and ileal absorption of bile acids in the neonate result in malabsorption
of fat, with potential for secondary effects on colonic microbial flora.
The latter changes may result in increased nutrient fermentation and
reduced levels of dehydroxylated bile acids in the colon, where the
contractile activities may be significantly altered, based on studies of
the effects of primary (dehydroxylated) bile acids in the human adult
colon exposed to estimated loads of ~1 mM chenodeoxycholate.*3
These levels are likely to be achieved in the neonatal colon. However,
no such studies are available to assess whether the immaturity of the
ENS and the increase in intracolonic bile acid and fat content increases
the propensity to abnormal motor and sensory functions of the intes-
tine and colon in the neonate or infant with IC. Further research on
these three, potentially interacting mechanisms may lead to novel ap-
proaches to more specific diagnosis and management of infantile colic.
Thus, with the availability of noninvasive tests that assess hepatic syn-
thesis of bile acids (serum 7aC4),”* gastric emptying in neonates using
breath test measurements,95 and stool microbiome studies (including
phylogenetic microarray by HITChip assay), it is conceivable that there
may be opportunities for individualizing therapy based on objective
biomarker(s) in infants whose colic does not respond to the customary

first line therapies.
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Chapter 3

Definition and Diagnosis of Functional Gastrointestinal Disorders: the Rome Criteria and the
Optimization of Clinical Trials

3.1 The Mediterranean-European Area Project on Functional Gastrointestinal Disorders

3.1.1 Functional Gastrointestinal Disorders in Children: A Survey on Clinical Approach in the
Mediterranean Area

The Mediterranean-European Area project (MEAP) on FGIDs is a multi-stage project that
aims to implement international collaboration in the field of FGIDs, to allow a better understanding
of the epidemiology and of the diagnostic-therapeutic approach to these disorders. In 2012,
preliminary data obtained through an informal network, including adult and paediatric
gastroenterological centers from the Mediterranean area, revealed the following information
regarding the epidemiology, diagnosis, and treatment of FGIDs: insufficient knowledge of
epidemiological data on FGIDs; inadequate application of the Rome criteria; and lack of
standardization in the therapeutic approach to FGIDs, particularly for paediatric patients (30). Taking
into account these findings, we decided to launch the first stage of the MEAP: an international
multicentre prospective survey with the aim of precisely define the diagnostic and therapeutic
approach to children with suspected FGIDs by general paediatricians from different Mediterranean
countries. The coordinator for each country randomly identified, from a national database, a sample
of general paediatricians fairly distributed across the national territory. Selected paediatricians were
contacted by email and were asked to complete 3 questionnaires investigating their approach to
patients with symptoms suggestive for a FGIDs. Given the large number of existing FGIDs, we
decided to focus on 3 of the most prevalent disorders: functional constipation (FC), functional
regurgitation (FR), and irritable bowel syndrome (IBS). The questionnaires consisted of 2 different
sections: the first investigating the use of diagnostic tools (including the Rome criteria), and the

second evaluating the most used treatment options for FC, FR, and IBS.
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We collected a total of 278 questionnaires (mean response rate of 25%) from 9 different
countries: Croatia, Greece, Israel, Italy, Lebanon, Montenegro, Serbia, Slovenia, and Spain.

Functional Constipation

Regarding the diagnosis of FC, only 29% of the surveyed paediatricians used the Rome IlI criteria,
with 42% of the sample still considering FC as an exclusion diagnosis. Moreover, 40% of the sample
declared to perform a rectal examination in each patient with constipation. In addition, our data show
a lack of uniformity in the definition of FC, with some paediatricians relying mainly on stool
consistency, some basing it on bowel frequency, and others on retentive postures or faecal
incontinence. A systematic review by Kuizenga-Wessel et al. reported that, in 45 clinical trials, 22
different definitions of FC were used (31). This lack of uniformity in the definition of FC jeopardizes
the results of clinical trials and is reflected in the heterogeneity of definitions reported in clinical
practice in our study. Treatment of FC varies between the different countries, with 98% of the
paediatricians suggesting dietary interventions, mainly increasing fibre and water intake. However,
paediatricians should not assume a diet poor in fibre to be the cause of constipation and should be
aware that the evidence of beneficial increase in dietary fibre or fluids for treating childhood
constipation is lacking. In addition, we found that 94% of paediatricians also prescribed medications,
mainly laxatives. The most used osmotic laxative was polyethyleneglycole, while the most used
irritative laxative was senna.

Functional Regqurgitation

Eight percent of the responders based the diagnosis of FR on personal experience, and 31%
considered FR as an exclusion diagnosis, with only 22% of the sample using Rome 11l diagnostic
criteria. Moreover, it is good to note that 97% based the treatment of FR on parental reassurance,
77% prescribed thickened feeds, and 70% smaller volume of feeds, in accordance with the North
American Society for Pediatric Gastroenterology Hepatology and Nutrition-European Society for
Pediatric Gastroenterology, Hepatology, and Nutrition guidelines for infants with uncomplicated

recurrent regurgitation that recommend only reassurance, parental education, and modification of
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feeding composition (32). However, 21% of the surveyed paediatricians prescribed proton pump
inhibitors (PPIs) or H2-blockers, and 13% prokinetic agents. These data is discouraging, since it is
well known that PPIs are not effective on gastroesophageal reflux disease symptoms in infants (33)
and that evidence of efficacy and safety of H2-blockers in infants and children is limited and of poor
quality (34). Moreover, the prescription of unnecessary therapies in infants with a functional disorder
is a serious cause of concern, especially considering that PPIs can increase the susceptibility to
infections (35).

Irritable Bowel Syndrome

Considering IBS, 88% of the subjects declared to make a “positive” diagnosis, even if only 26%
strictly applied the Rome Il criteria. Treatment was mainly focused on the predominant symptom
(pain, diarrhea or constipation), with analgetics representing the most prescribed treatment for pain,
and dietary advice the most used suggestion for constipation and diarrhea.

In conclusion, our data show a wide variability in the diagnostic approach to FGIDs with
paediatricians frequently relying on personal experience. The note that <30% of the sample refers to
the Rome 1l criteria is disappointing. Moreover, a large number of paediatricians insists on the
exclusion of other diagnoses when managing subjects with a suspected FGIDs. This approach is
counterproductive since, as abovementioned, one of the advantages of using symptom-based
diagnostic criteria is to reduce anxiety that drives the families to seek multiple consultations (36).
Educational efforts are required to ensure a ‘‘positive’’, symptom-based approach to functional
disorders, avoiding inappropriate use of healthcare resources and excessive treatment of overall
benign conditions. In addition, although the Rome criteria and, in general, clinical practice guidelines
are endorsed by scientific societies and are generally available online, a consistent effort is required
to increase knowledge and to improve the outcome in patients.

The results of this survey study on the diagnostic-therapeutic approach to suspected

FGIDs have been published in Journal of Pediatric Gastroenterology and Nutrition in 2017.
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significant morbidity and high healthcare cosi, In the United
States, from 1997 10 200/, the muonber of discharges with a primary
diagnosis of FEDs kas increased dightly, and the total mean cost
per discharge significantly increased from $6, 115 to $18.038 (2),

Given the lack of bislogical markers and of crie rion standand
tests, FGIDs are currently diagnosed based on a set of sympioms
defined by the Rome diagnostic criterin. The recently released
Raome IV criteria allow a "' positive”” approach o these dizorders
by encowraging clinical diagnoss withowt the need to mule owt
ompanic disgas in an atempt © avoid mnnocessary amd invasive
testz (3). Despite the existence of he Rome criteria, disgnostic
approaches aill appear to vary widely between countries, probably
due © scveral factors, including cultsral csstoms. Currently, in
many countries the diagnosis of FGIDs is still mainly inferred afier
several insppropriale investigations with high burden related o
healtheare costs and patient anxiety aumounding diagnostic testing.
Preliminary data ohtained throwgh an informal network, including
adult and pediatric gastroenterological cemters from the Ewmopean
Mediterrancan arga, revealed the following information reganding
the epidemiology, diagnosis, and treatment of FGIDs: evidence of
insufficient epide miclogic know ledge of FGIDs; improved but still
imadequate application of Rome [ diagnostic criteria; and lack of
standsrdization in the therapeutic approach i FGIDs, particulardy
for podistric patients (Scampato E, Comazzian E, [msorza [ etal,
unpuhlished data, 2012 Cross-culiural know ledge, diagnosis and
treament of functional gastrointestingl dizsonders in children: the
Meditemanean Pediatric FGID Project. ESPGHAN Update, Siock-
haolm, Sweden). Therefore, considering the realis of this prelimi-
nary survey that invalved bealthcare workers from specialized
ceniers, we hypothesized that the same lack of standandization in
the clinical management of FGIDE might kave been found, 1o a
greater extent, in general pedistricians, The present stady was
gimed to assesm the diagnostic and therspewtic approaches (o
children with aspected FGIDs by peneral pedistricians from
different Meditermnean countries, The data obtained provided an
estimate of the adherence to the clindcal guidelines and of the wse of
the Rome eriteria, and may allow us i progam inerventions aimed
at their implementation in the clinical practice.

METHODS

This was a prospective mulicenter survey performed in 9
countries of the Mediterranean area: Croatia, Greece, Ismael, haly,
Lebanon, Montenegro, Serbia, Slovenia, and Spain. The coondina-
tar for each country used a national datshese to randomly identify a
sample of general pediatricians, fairly distributed across the entire
national teritory. Seleced pediatricians wene contacted by email
and wene asked to complete 3 questionmaires investigating their
approach to patients with sympioms suggestive of FGIDs. To
simplify complation of the questonmains and given the large
number of exiging FGIDs, we fomused on functional oonstipation
(R, functional regurgitation (FR), and imitable bowel syndrome
{IBS), 3 of the most prevalent disonders (4-6). Specifically, the
involved pedistricians were asked to refer to infants {0—6 months)
when answering the questionnaire on FR, and to childrenfadoles-
cents {(4— |8 yeas) when answering the guestionnainez on FC and
[BS. The guestonnaines, developed by members of the Depanment
of Translational Medical Sciences, Section of Pedistrics, at the
University of Maples and of the Depanment of Internal Medicine st
the University of Rome, consisted of 2 differemt sections: one
evaluating the use of diagnostic ok (including the Rome eriteria),
and the other investigating the most used treatment options for fese
disorders (Supplemental Digital Comtent 1 -3, herpoflinks. bew. comd
MPGARIE). The study coondinator for each panicipating country
translated the original English version of the gue stionnsaires into the

Wiww jpgn.org

native language of their country. To validste fue tanshation, a
different person foreach country rranslated the guesionmaines back
to English. The original gquestionnaires and the back-translated
questionnaires (both in English) were compared 10 ensure fhai
the meaning was not modified during the trandation process.
The nationsa] data obtained from the guestionnaires were collected
and analyzed by the principal coondinator. Results were collected
from October 2014 to Manch 2015, The study was approvad by the
Ethic Committees of die coordinating center {(University of Naples)
amd of all panicipating centers, and was conducted in accondance
with the Declaration of Helsinki and Guidelines for Good Clinical
Practice. Data were eniered into Excel (Microsoft, Redmond, WA
and analyzed with GraphPad sofiware version 5.01 (GraphPad
Software, La Jolla, CA). Statstical analyses included Student r
test and Mann-Whimey test, when appropriate, with significance
accepted at the P<(05 level. Resulis are expressed a5 mean
+ standard deviation and percentages These comparative data
ane ot show n, becawse due study did not claim vo detect statistically
melevant differences in the management of FGIDs among. pedia-
tricians fromthe 9 participating countries. Mo data were available to
accurstely assess e sample size. The power evaluation for both
umivariate and maultivariate tesis hasz been compued with e SPSS
{SPSS 200, Chicage, IL) Muliivariate Anpova, considering an
overall number of 167,444 Ewropean pediatricians {fira type ermor,
0.05; second type emor, .05, power, 85%) (TL

RESULTS
We zent | 107 guestionnaites o pediaticians within ¢ Euro-
pean countries. The number of responders was 278 (25% response
raie); the number of guestonnaires sent owt and retumed, and the
meaponse rate for each country are shown in Tahle L.

Functional Constipation

According o the answers given by the invobeed pediatricians
about the diagnosis of FC, Rome diagnostic criteria are wsed by 110
of 278 (40% ) of the pediatricians, Of note, 30 of TR (11%) still rely
on Rome [T criteria, whereas only 80of 278 {20%) use the updated
Rome [l criteria. To formulate a diagnosis of FC, 245 of 2 TE (R8%)
declared they rely mainly on siool consistency, 249 of 2 78 (907%%) on
redwoed bowel frequency, 225 of 278 {B1%) on retentive postanes,
amd 215 of 278 (7T%) on the presence of fecal incontinence. In
addition, 118 of 278 (42%) =tll consider FC a diagnosis of ewch-
=ion after completing a thorough diagnostic evalwation for other
etiologies. Furthermone, 85 of 278 (31%) consider fecal retention az
a different clinical entity from FC, and declare to differentiate these

TABLE 1. MNumber of questionnaires sent outfreturmed and resporse

rate for each panticipating € ountry

MNao quest onnaies Mo questionm nes Respamie
Coumiry et gud metmed e,
Smim 532 L 15
Taly 245 [ 26
Creece L] x ;2.5
Sexinia S50 32 6
Croatia 25 e B
Tsrael 5 x &
Mumienego 24 15 a5
Slovenia 100 10 10
Lehanam 20 =t 25
Ttal 1107 278 5.1
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e FIGURE 2. Fiest, second, and third chosce treatments for functional
B2 - regurgitation (%), PPk = proton pump inhibitors.
- ;
prescribed by 215 of 278 (T7%), smaller volume fecdings by
20 1 194 of 278 (T0%), and supine positioning by 187 of 2TR {5 7T%).
. L Katably, $0 of 2 T8 {21%) prescribe proton pumgp inhibitors (PPls)
H2-hl and 28 of 278 (13% ribe pirokineti T,
o Dicos ?::'iﬂ P ockers, o { ) presc o C age
Fecal softners/Enemas [25) Irritable Bowel Syndrome
100 4
| Muaost (245/278 [E8%]) are comfortable making a' ‘positive”™
0 4 IBS diapnosis, Nevertheless, only | 23 of 278 {44%) claim i follow
B - Rome criteria. More specifically, 51 of 278 (18% ) still rely on Rome
Il criena, whereas 72 of 278 (26%) apply Rome [ criteria. A
40 4 273 minarity { [25/278 [45%]) conduat dingnostic testing for other
o 221 etiologies before arriving at a diagnosis of [BS.
| - Treament of [BS iz mainly focesed on the predominant
a : . symptoms ( pain, diamea, or constipation) by 224 of 278 (B1%) of
Glycerin Sodium docusate Minersd od the respomdents. The most frequently prescribed trestments. for

FIGURE 1. Maost prescribed drsgs for each group of laxatives. PEG =
pobyethnyben egheool,

2 dizorde = based onmedical history and physical examination of the
child. In addition, 111 of 278 {40%) perform a digital rectal exam-
imation in every patient with constipation. FC iz considersd in the
differential diapnosis of acwie abdominal pain in 235 of 278 (B5%).

Treatment varies; 271 of 278 (98%) sugeest dictary inter-
vention, mainly increasing both fiber and water intake (226271
[B3%]); a small minonty (77271 [3%]) recommend reducing milk
consumption. The most commaonly used medications are laxatives
(260'2T8 [94%]) (Fig. 1), wheress the wse of fecal soffeners
adminigensd orally or rectally iz advized by 154 of 278 {(55%)
and stinulant laxatives by 38 of 278 ([4%). Morcover, only 16 of
278 {6%) give parents behavioml advice (eg, toilet training).

Functional Regurgitation

Most of the responders (ITR2TE [BI%G]) rely on personal
cxperience to diagnose FR, Moreover, 87 of 278 {3 1%4) consider FR
a diagnosis of exchesion, wheneas B9 of 2T (32%) claim & use the
Rome diapnostic erteria; 62 of 278 (22%) wse Rome Il criteria,
whereaz 27 of 278 (12%) use Rome 11 criteria

Parental reassurance is noted by 260 of 278 (97%) i have a
major mle for teament of FR. Thickened feods are wmmlly

eldd

control of pain, diarrhea, and'or constipation are summarized in
Figure 3.

DISCUSSION

This multicenter study aimed to investigate the diagnostic
and therapeutic apprach of geneml pediatricians to children with
symptoms sugeestive of FGIDs. We have performed a survey
including a sample of podistriciane from 9 Mediterranean
countries, evaluating their clinical mamagement of some of the
most frequent FGIDs: FC, FR, and [BS, Our data show persistent
wide vanahility inthe diagnostic approach to FGIDs, This varia-
hility mayhe due to the large number of pediatricians who insist on
excluzion of other diagnoses before diagnosing these dizorders,
They frequently rely on personal experienoe, imespective of the
availability of standardized disgnostic criteria. General appli-
cation of Rome criteria by less than half of the surveyed pedia-
tricians {with = 30% referring to the updated Rome [ diagnostic
criteria) iz still disappointing. A report of the Rome Foundation
Working Team on cross-cultural multinational research, which
evaluated implementation of disgnostic criteria and treatment
availability for FGIDs, found that knowledge and wse of Rome
criteria wene deficient, expecially among general practitioners {(§).
Similarly, Schumnan et al {9) surveyed American primary care
pediatricians to evaluate their approach to children with chionic
ahdominal pain and documenied the same lack of familianty with
the Rome criteria.

wwwjpgn.org
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Mediterronean Areg Pediotricdars Approoch to Children With FGIDs
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FIGURE 3. Most widey wsed treatments for patients with irrtable
bowel syndrome, based on the predominant symptom (%) Adv =
advice.

This appreach i counterproductive since one of the advan-
tages of symptom-based diagnostic criteriais 1o redisos anxiety that
drives a family i seek multiple consultations (| 1), Mo madbe remwee to
the Rome Criteria is also shown by ouwr finding that 31% of the
podiairicians consider focal metenfion as a different clinical entity
from FC, This may be due tothe et that the former classification of
the Rome I committee divided e nonorganic forms of consti-
pation inte infant dyscheria, FC, oamd functional fecal meiention.
Because this divigien was, however, not ¢vidence based, the Rome
I committee decided to combine these 2 entitics into a single
category named “FC (12).

WWw DG rorg

I addition, owr data show Bck o Funiformity in the definition
of FC, some podiatricians rely mainly on stobl consistency for their
diagnosgs of FC, some base it on bowel frequency, and others
diagnoas FC in patients with retentive posures or focal inconti-
nence, Conzidening the answers to our guestions, it is clear that teene
is a portion of pediatricians for whom the diagnosziz isbased on mone
than | parameter at the same time. This means tat they ' ‘unknow-
ingly™" wee the Rome criteriain fw clinical practice, even ifthey do
not declare it when specifically reguired. For this reason, it is
possible that the percentage of pediatricians that uses the Rome
criteria inthe daily practice is slightly higher #an the value reported
by the guestionnaines,

A mecent systematic review by Kuizenga-Wessel et al (13)
reporied that in 45 clinical trials, 22 different definitions of FC wene
wsed. Lack of uniformity in the definition of FC jeopardizes the
msuls of clinical trials and is reflecied in the heteropencity of
definiions used in clinical practice in our study,

Oner data demonstrate that the majority of pedisiricians treat
FC with dietary inervention, mainly represented by an increase of
boih fiber and water intake. Borowitz et al (14) already found that
half of the physicians invelved in their study recommendad a
dietary intervention for FC. Another survey performed in 2011
{15} showed that dietary recommen dations were given by 97% of
the interviewed physicians. Similarly, in a recent study from Yang
amd Punati {16]), the most common initial interventions for consti-
pation wene represented by an increaze in fluids (92%) and in
dietary fiber {9 0%), Nevertheless, pediatricians should not assume a
it posnr i Fibver to be the cawse of constipation and should be awane
theat the evidemoe of beneficial increase in dietary fiber or fluids for
treating childhood constpation is lacking {15,17).

To treat FR, our data sugpest that most pediatricians rely on
pamental reassrance, thickened foedings, and smaller volsmes of
feadings. This therapeutic approach is consistent with the Nonth
American Society for Pediniric Gasroenterslogy Hepatology and
Rutrition-E wropean Society for Pediatric Gastroenterology, Heps-
tology, and Nutriion guidelines for mfants with uncomplicated
mcurrent reguogitation |pedistric gastroesophapgeal reflux) that
recommend only reassurance, parental edwcation, and modification
of feeding compozition { 18). We also, however, identified uae of
PP H2-blockers (21%) and prokinetics (13%) in children with 2
diagnoss of FR. These data are discouraging, considering that ithas
been well demonstrated thet PPz are not effective in redocing
gagrocsophageal reflux diseaze symptoms in infants (19,20) and
that evidence of efficacy and safety of H2-blockers in infants and
children is limited and of poor quality (21). The prescription of
unnecessary medications in infants with a fiunctional disorderis a
serious cause of concem, especially becawse PPIs can be associated
with an increase in susceptihility 1o respimtory infections (22},
acute gastroenteritis, and community-acquired preumonia (23,24),
Despite the fact that ovensse of PPE in the first year of life has
already been documented in several sihwdies (25-27), ouwr dat
sugged that the clinical management of theseé patients stll
requires maodification.

The authars are aware of the metodological shorcomingsof
the present study. The swrvey natre of the sudy represents a
significant limitation, Survey studies are freguently chamcterized
by a relatively low retorn rate (102B29) We are, however,
confident that even though enly 2 5% of the targeted pedistricians
answerad the questionmaires, this vahuie represents a sensible sample
to provide an overview on the clinical appmach to FGIDs, Never-
theless, as in all the srvey-based studies, it & unknown if the
answers of the responders are comparable to those of nommespon-
ders. Moreover, considering that participation in the present study
was voluntary, it & conceivable that the majority of the responders
represent podiatricians with increased interea in FGIDs and who

elds

28



Scorpato et of

JPGN = Volume 64, Mumber &, June 2017

therefore are beter informed on these types of disordors In
addition, this survey stady may be influenced by an unavoidable
poential bias relaed o the Hawthome effect | 30). The Hawtharne
effoct refers to a phenomenon in which a study subject™s behavior is
altered as a ek of the subject's awareness of being under
obervation. According to this effect, pedistricians could have
over-reported their use of Rome criteria and perhaps under- reported
notstandardized medical mamagement. For this masoen, it i
posible that our dat even overestimate the rate of adherence 1o
standardized diagnostic criteria and recommendations and that, in
reality, tee clinical approach may even be less evidence based. So,
thiz ¢consideration further strengthens our findings.

Finally, we were not able to perform a survey including all
the Mediemanean counmries due o a lack of response of some
countries originally invohed

The resuls of our survey demonstrate the persistent gap
hetween what is defined by guidelines/recomme dations and daily
practice. Implementing recommendstions in elinical practios is a
complex process. Nevertheless, several sindies evaluated the offi-
cacy of different methods to perform implementation. Qusitadamo
et al (31) demonstrated that simple, inexpensive taining methods,
such a5 podeasts or synopsis, are effective in increasing adherence
to mcommendations by European pediatricians, Similarly, Nicastro
etal (32) showed the e flicacy of E-leaming in inc reasing knowledge
of guidelines and improving clinical practice in physicians mana-
ging children with acue gaswoenteritia Thus, the methosds
described to put in place educational interventions are multiple,
roeguire a limited economic ¢ffort, and are casy o perfom.

Educational effors ame required to ensune a *‘positive,™
symptom-based approach to functional diserders, avoiding map-
propriaie wse of healthcare resources and excessive reatment of
overall benign conditions Moreowver, although the Rome diagnostic
criteria and the clinical practice guidelines are endorzed by zcien-
tific zocicties and are generally available online, a consistent effort
is required to increase kmnowledge among pediamicians and to
improve the outcome in patients.

Acknowledgment= The Maditermnean-European Area Projeat
on FGIDs iz a project launched and supporied by AN EMGHOnlus.
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3.1.2 Functional Gastrointestinal Disorders: Prevalence study in Children and Adolescents in
the Mediterranean part of Europe

The MEAP is a multi-stage study funded by the European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN), that aims to promote international collaboration in the field
of FGIDs. The first stage of the MEAP study has been described in the first section of this chapter
(Section 3.1.1), and consisted in a survey on the diagnostic and therapeutic approach to children with
suspected FGIDs by general paediatricians from Mediterranean countries; the second stage’s aim was
the translation of the standardized Questionnaires on Paediatric Gastrointestinal Symptoms based on
Rome 11 Criteria (QPGS-RIII), for non-English speaking patients, in order to assess the prevalence
of FGIDs in the European Mediterranean Area.

The prevalence of FGIDs based on Rome |1l criteria ranges between 12% and 29%. A study
from Lewis et al., who recruited 949 mothers of children and adolescents in the US, found an overall
prevalence of 23.1% based on parental report (37). Numerous other studies evaluated the
epidemiology of FGIDs, even if most of them considered only small community samples (38, 39),
single countries (e.g. Greece, or Norway) (40, 41), or selected age ranges (e.g. adolescents) (42).
Nevertheless, prevalence of FGIDs in the Mediterranean-European area is poorly defined; for this
reason, we decided to take advantage of the existing international research network established during
the first stage of the MEAP to assess the prevalence of FGIDs in a community sample of children and
adolescents of the Mediterranean-European area. This school-based, prospective, multicenter study
represented the third stage of the MEAP, and involved 13,750 children aged 4-18 years from 9
different countries: Croatia, Greece, Israel, Italy, Jordan, Lebanon, Macedonia, Serbia, and Spain.
Subjects were enrolled in randomly selected schools distributed throughout the national territory of
the involved countries, including both large cities and small centers. The prevalence of FGIDs was
assessed using the QPGS-RIII, a validated questionnaire specifically designed to diagnose FGIDs in
children and adolescents (43), translated for non-English speaking countries during the second stage

of the MEAP.
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In our study, we have included 6,602 children aged 4-10 years (group A: mean age, 7.7£1.9
years; girls (F) 50.8%), and 7,148 adolescents aged 11-18 years (group B: mean age, 13.8+2.1 years;
F, 50.6%). The mean response rate was 69%. In children from group A, overall prevalence of FGIDs
was 20.7% (F 46.5%), with one FGID identified in 17.4% of the subjects, and a combination of two
FGIDs identified in 2.8%, of three FGIDs in 0.4%, and of four FGIDs in 0.1%. The most frequent
disorders were FC (11.7%), IBS (4%), aerophagia (3.5%), and abdominal migraine (AM) (3.1%).
Focusing on adolescents, we found that overall prevalence of FGIDs was 26.6% (F 55%), with a
single FGID recorded in 19.5% of the subjects, two FGIDs in 6%, three FGIDs in 1%, and four FGIDs
in 0.1%. The most frequent disorders were FC (13.1%), AM (7.8%), aerophagia (6.3%), and IBS
(5.6%). Our data are comparable to other studies evaluating the prevalence of all FGIDs according
to Rome IlI criteria (37, 38, 40). However, unlike most of the previous studies, we separated the
analysis of children (4-10 years) from that of adolescents (11-18 years) to identify age dependent
differences in the prevalence of FGIDs and, in particular, to obtain information on FGIDs prevalence
in younger children in whom data is scarce worldwide. According to our data, prevalence of most
FGIDs is higher in adolescents compared to children. In addition, we found that, in subjects aged 11-
18 years, FGIDs were significantly more frequent in girls (M 23.4% vs F 29.1%, P<.001). Increased
prevalence of FGIDs in girls is well known, and has been previously described in studies conducted
in single countries (38, 40, 42). Finally, we also identified significant differences in the prevalence
of specific FGIDs among some of the involved countries. For example, we reported a significantly
lower prevalence of FC in Croatia and Serbia, a higher prevalence of aerophagia in Croatia, a higher
prevalence of AM in Israel and Spain (especially in younger children), and a higher prevalence of
IBS in Israel. The reasons behind these differences are not completely clear. Nevertheless, since
FGIDs are considered multifactorial disorders, it can be speculated that they represent the result of a
variability in the environment, diet, microbiome, and genetic background among the involved

countries and suggest that the results of single country studies may not be generalized.
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Our study was the first study evaluating the prevalence of FGIDs in a large sample of children
and adolescents from Mediterranean countries, confirming that FGIDs are common disorders and that
their frequency increases with age. The differences in the prevalence among the involved countries
suggest a role of environmental and genetic factors in the pathogenesis of FGIDs. Further studies are

needed to evaluate the impact of these factors in the onset of FGIDs.

The results of this international epidemiologic study on the prevalence of FGIDs in the
Mediterranean-European Area have been accepted for publication in Clinical Gastroenterology

and Hepatology in 2017.
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2% BACKGROUND & AIMS: Little is known about the prevalence of functional gastrointestinal disorders (FGIDs) in children
27 from the Mediterranean area of Europe. We aimed to assess the prevalence of FGIDs in children
;3 Qﬂ and adolescents in this region.
9
10 METHODS: We collected data on 13,750 children (4-18 years old) enrolled in the Mediterranean- European
31 Area Project, a school-based health study performed in Croatia, Greece, Israel, Italy, jordan,
S Lebanon, Macedonia, Serbia, and Spain. Data were collected from March to June and in
3z September of 2016, We analyvzed data from 6602 students 4 to 10 years old (group A; mean age,
33 7.7 £ 1.9 ), and 7148 subjects 11 to 18 years old (group B; mean age, 13.8 + 2.1 y). Children
K with FGIDs were identified based on answers to questionnaires on pediatric gastrointestinal
35 symptoms, selected based on Rome I criteria.
36
7 RESULTS: In group A, the prevalence of FGIDs was 20.7%. The most frequent disorders were functional
38 constipation (11.7%), irritable bowel syndrome (IBS, 4%), acrophagia {3.5%), and abdominal
30 migraine (3.1%). The prevalence of abdominal migraine was significantly higher in gids than in
40 boys (P = .007). In group B, the overall prevalence of FGIDs was 26.6%. The most frequent
41 disorders were functional constipation (13.1%), abdominal migraine (7.8%), acrophagia
42 (6.3%), and IBS (5.6%). In group B, FGIDs had a higher prevalence among girls than boys
43 (P = .001). In both groups, we found significant differences in the prevalence of specific
a4 disorders among specific countries.
j; CONCLUSIONS: In an analysis of data on children 4 to 18 years old from the Mediterranean-European Area
Project, we [ound FGIDS to be more frequent in girls. Functional constipation, acrophagia,
47 abdominal migraine, and [BS are the most common diserders. However, the prevalence of FGIDs
48 varies significantly among countries.
49
?? Keywords MEAF; Epidemiology; Survey; Abdominal Pain.
5
52
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1 ]?Qﬂa T he Mediterranean-European Area project [MEAF)
118 on functional gastrointestinal disorders (FGIDs) is
119 a multistage project funded by the European Society for
120 Paediatric Gastroenterology, Hepatology, and Nutrition.
121 Its aim is to promote international collaboration in the
122 field of FGIDs to evaluate the diagnostic-therapeutic
123 approach to children with suspected FGIDs, to estimate
124 the prevalence of these disorders, and to improve the
125 dissemination of standardized diagnostic criteria.

126 FGIDs are common disorders characterized by
127 chronic or recurrent gastrointestinal (GI) symptoms, not
128 related to structural or biochemical abnormalities.
129 Because of the lack of specific biological markers, FGIDs
130 currently are defined according to the criteria estab-
131 lished by the Rome Foundation, which are updated reg-
132 ularly." ™ The advantage of using the Rome criteria in
133 clinical practice is that they permit a positive approach,
154 avoiding unnecessary tests to rule out an organic cause,
135 with a consequent beneficial effect on both patient's
136 health and health care costs.

137 The prevalence of FGIDs based on Rome 111 criteria
138 ranges between 12% and 29%. A recent study from Lewis
139 et al,” who recruited a US sample of 949 mothers of chil-
140 dren and adolescents aged 4 to 18 years, found an overall
141 prevalence of 23.1% based on parental report. Several
142 studies attempted to evaluate the epidemiology of FGIDs
143 according to Rome I criteria. However, most of them
144 assessed the prevalence only in small community sam-
145 ples,® in single countries (eg, Greece or Norway),™ in
146 selected age ranges (eg, adolescents),” or focused mainly
147 on abdominal pain-related disorders.'" ™ In the
148 Mediter manean-European area the prevalence of FGIDs is
149 poorly defined. Therefore, as part of the MEAP, we
150 launched an international multicenter study to assess the
151 prevalence of FGIDs in alarge community sample of chil-
152 dren and adolescents from the Mediterranean-European
153 area The first stage of the MEAP study consisted of a
154 survey on the diagnostic and therapeutic approaches to
155 children with suspected FGIDs by general pediatricians
156 from European-Mediterranean countries, and showed
157 inadequate knowledge and use of the Rome 11 diagnostic
158 criteria and a lack of standardization in the thempeutic
159 approach to FGIDs."” The second stage translated the
160 standardized Questionnaires on Paediatric Gastrointes-
161 tinal Symptoms based on Rome I Criteria (QPGS-RIN), for
162 non-English-speaking countries, to assess the prevalence
163 of FGIDs. The present study represented the third stage of
164 the MEAP and was conducted through the existing inter-
165 national research network established during the first
166 stage of the project, with the aim of assessing the preva-
167 lence of FGIDs in children and adolescents from the
168 Mediter mnean-European area.

169

:;? Methods

172

173 This school-based, prospective, multicenter study was
174 performed in 9 countries in the Mediterranean-European

Clinical Gastroenterology and Hepatology Vol. w, No. m

area: Croatia, Greece, Israel, Italy, Jordan, Lebanon,
Macedonia, Serbia, and Spain. To obtain a nationwide
sample, we surveyed subjects aged 4 to 18 years enrolled
in schools (nursery schools, primary schools, and sec-
ondary schools) distributed throughout the national ter-
ritory of the involved countries, including both large cities
and small centers. For each city, the schools were selected
randomly from a list of all the schools available in the
territory. The criteria for the selection of the schools were
the same in allinvolved countries. In most of the countries
only public schools were included, with the exception of
Jordan, Spain, and Lebanon, which also included private
schools. The National coordinator for each country con-
tacted the directors of the selected schools to obtain
permission to conduct the study. From each school,
randomly selected classes were surveyed. The parents/
legal guardians and their children then were invited to a
meeting for an explanation of the study procedures and
the collection of consent to participate. Children were
included if consent was provided and in the absence of
alarm symptoms suggestive of an organic disease.
Informed consent was obtained by parents flegal guard-
ians of the involved children, and by subjects older than 10
years of age. To ensure complete understanding, the
printed wversions of the study questionnaires were
completed in the presence of the study staff who were
available for clarifications.

The study was approved by the Ethic Committees of
the coordinating center (University of Naples) and of all
the participating centers, and was conducted in accor-
dance with the Declaration of Helsinki and Guidelines
for Good Clinical Practice. All data were collected
anonymously.

Rome Questionnaires

The prevalence of FGIDs was assessed using the
QPGS-RINI translated for non-English-speaking countries

during the second stage of the MEAP. The @R6S-Hyis a U4

validated questionnaire, specifically designed to di-
agnose FGIDs in children and adolescents.”” For each
participating country, the principal investigators trans-
lated the original English version of the guestionnaires
into the native language of their countries. Then, a
different person from each country translated the
guestionnaires back to English; finally, the original
guestionnaires and the back-translated guestionnaires
(both in English) were compared to ensure that the
meaning was not modified during the translation pro-
cess, In Israel, the guestionnaire also was fully validated
by the Rome Foundation; in Greece, the pre-existing
official translation of the Rome Il questionnaires was
used.’

The parent-report form was used for subjects
between ages 4 and 10 years, and the selfreport
form was used for subjects between ages 11 and 18
years.
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Data Collection and Statistical Analyses

Data were collected from March to June, and in
September 2016, during school time. The national data
from each country were entered into a Microsoft Excel
database (Microsoft, Redmond, WA) specifically designed
for the study. All data were sent to the coordinating
center [University of Naples) for data analysis. For each
FGID an algorithm was created to diagnose the disorder
according to the QPGS-RI scoring system. In case of lack
of answers necessary to diagnose a specific disorder, the
subject was considered missing for that disorder and
was excluded from the prevalence analysis. Likewise, in
the case of lack of data on sex, the subject was consid-
ered as missing and was excluded from the analysis.
These data are available from the authors upon reguest.

(Juantitative variables were synthetized using means
+ SD whereas categoric variables were described using
absolute frequencies and percentages. The prevalence of
each disorder was estimated by calculating the ratio
between the affected subjects and the total number of
valid cases for each disorder. The corresponding 95% Cls
were computed using the Clopper-Pearson exact
method. Comparisons between ages, sex, and countries
were assessed using the chi-square test or the Fisher
exact test when appropriate. The issue of multiplicity in
country comparison was addressed using the Bonferroni
procedure; for each comparison, statistical significance
was determined as P < .001. All the statistical analyses
were performed using the statistical platform R The R
code for the assignment of diagnosis is available from the
authors upon request.

Results

We surveyed a total of 13,750 subjects hetween 4 and
18 years of age from 9 countries in the Mediterranean-
European area. The mean response rate was 69%. The
number of subjects surveyed and the response rate in
each participating country are shown in Table 1.

Prevalence of FGIDs in the Mediterranean Area 3

Specifically, we included 6602 subjects between ages 4
and 10 years (group A: mean age, 7.7 £ 19 y; girls
[females (F)], 50.8%), and 7148 subjects between ages
11 and 18 years (group B: mean age, 13.8 + 21 y; F,
50.6%). The prevalence values of all FGIDs defined ac-
cording to Rome I criteria in both study groups are
summarized in Table 2.

In subjects ages 4 to 10 years, the overall prevalence
of FGIDs was 20.7% (F, 46.5%). One FGID was identified
in 17.4% of the subjects, a combination of 2 FGIDs was
identified in Z8%, 3 FGIDs were identified in 0.4%, and
of 4 FGIDs were identified in 0.1%. The most frequent
disorders were functional constipation [FC) (11.7%), ir-
ritable bowel syndrome [1BS) (4%), acrophagia (3.5%),
and abdominal migraine (AM] (3.1%). In this age group
we did not find differences in the overall prevalence of
FGIDs between sexes. However, focusing on single dis-
orders, we found that the prevalence of AM (boys [males
(M])] of 25% wvs F 3.8%; P = .007) was significantly
higher in girls than in boys. In contrast, nonretentive
fecal incontinence was more prevalent in boys (M, 0.8%
vs F, 0.3%; P = 036). The prevalence of all FGIDs in
children ages 4 to 10 years in the different countries is
shown in Table 3.

In subjects ages 11 to 17 years, the overall prevalence
of FGIDs was 26.6% (F, 55%), with a single FGID
recorded in 19.5% of the subjects, 2 FGIDs in 6%, 3
FGIDs in 1%, and 4 FGIDs in 0.1%. The most frequent
disorders were FC (13.1%), AM (7.8%), aerophagia
[6.3%), and IBS (5.6%). In this age group we found that
FGIDs were significantly more frequent in girls (M,
23.4% vs F, 29.1%; P < .001). Looking at the different
countries separately, we found that the prevalence of
FGIDs was significantly higher in girls in Croatia (M,
21.8% ws F, 37.1%: P < 001), Serbia (M, 44% vs F,
10.2%: P = .005), and Spain (M, 22.1% wvs F, 2B.5%;
P = .045), and showed a trend toward significance in
Italy (M, 17.8% vs F, 24.8%; P = .007).

A higher prevalence in girls compared with boys also
was found with regard to single FGIDs, such as aero-
phagia (7.5% vs 5.1%, respectively; P < .001), functional

Table 1. Number of Subjects, Mean Age, Sex, and Response Rate in Each Paricipating Country

Group A: 4-10 y Group B: 11-18 y
Country N M% F % Age y,means+30D N M,% F, % Age, y, means + 3D Total Response rate, %
Croatia B0A 488 511 66+ 2 407 307 693 148 +19 1716 B0
Graaca 727 BB3I M7 a9+ 05 583 H49 451 168 +07 1316 5B
l=rasl 389 506 494 T1it 14 B23 424 576 138+22 1222 52
Itahy 1070 502 498 81+ 18 1048 502 498 133 +19 2118 T
Jordan B22 507 443 81+ 14 772 58 44 14 +18 1534 B0
Labanon 37 466 534 T3+ 148 470 506 494 141 +18 1007 83
Macedonia 711 488 51.2 B+ 18 B4d 503 497 147 +22 1555 T4
Sarbis B28 374 G246 T2+ 146 B23 466 534 126 14 1657 &5
Spain 698 4B6 514 T2+ 148 B&S 4892 508 141 +22 1565 52
Tatal G802 7148 13,750 [::4]
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Table 2. FGID Prevalence in Children and Adolescents 407
408
Group A 4-10 v, Group B: 11-18 v, 409
n = 6602 n= 7148 410
Disorder Valid cases N (prevalence) 95% Gl  Valid cases N (prevalence)  95% Cl 411
412
Vomiting and asrophagia 413
Addlsscent rumination syndrams &26a 2 (0.03%) 00-01 8B55 B [0.1%) 0.0-0.2 414
Cyclic vamiting syndroms 6184 19 {0.3%) 0205 &ra7 37 {0.5%) 0407 _
Asrophagia 5056 200 (3.5%) 3040 85090 413 E3%) 5870 415
Abdominal pain-related FGIDs 416
Functional dyspapsia 8453 23 0.3%) 0205 7039 38 {0.5%) 0.4-07 417
Imitabie bowel symdrome 8117 243 (4%) 3545 8BE2 383 565 50-6.1 418
Abdarmingl migraing 6061 189 (2.1%) 27-38 8858 535 (7.5 7.1-8.5 419
Functional abdominal pain 6101 31 {0.5%) 0307 G308 26 (0.4%) 0.2-0.8
Functional abdominzl pain syndroms 6156 15 [0.2%) 0104 6044 40 {0.6%) 0.4-0.8 420
Constipation and incontinence 421
Functional constipation 5800 GBE (11.7%) 108-125 8325 B32 (12.1%) 12.3-140 423
Monrstentive facal incontinence 6280 34 {0.5%) 0407 6B 26 {0.4%) 0.2-0.6 473
424
425
426
dyspepsia (0.8% vs 0.3%, respectively; P = .008), IBS criteria by using an already established international 427
(6.4% vs 4.5%, respectively; P = .001), and AM (9.7% vs  network. 428
5.5%, respectively; P < .001). Interestingly, in this age Our main finding was that 20.7% of children sges 4 to 479
group we also found statistically significant differences 10 years and 26.6% of adolescents ages 11 to 18 years 430
in the prevalence of specific FGIDs among some of the  fulfilled the Rome 11 criteria for at least 1 FGID. Although 431
involved countries. The prevalence of FGIDs in subjects  the data for the Mediterranean area are scarce, our 437
ages 11 to 18 years in the different countries is shown in  findings are comparable with other studies evaluating 433
Tahble 4 the prevalence of all FGIDs according to Rome I1 criteria. 434
Finally, we detected statistically significant differ- Our results were similar to those of the study from 1 5
ences (P < 001) in the prevalence of specific disorders  Bouzios et al’ that included 1658 Greek children be- 436
among some of the participating countries. These com- tween ages 4 and 1B years that found a prevalence of 437
parisons are summarized in Tahle 5. 23.5%, the study from Saps et al” including 373 Colom- 438
bian children that reported a prevalence of 29%, or the 439
) ) earlier-mentioned study from Lewis et al’ in which the 440
Discussion prevalence of FGIDs was 23.1%. In the present study, 441
unlike most of the previous studies conducted in single 447
This school-based cross-sectional study recruited a  countries, we separated the analysis of children ages-4 to 443
large number of children and adolescents nationwide 10 years from that of adolescents agess11 to 18 years to 444
for each of the 9 included countries from the identify age-dependent differences in the prevalence of 445
Mediterranean-European area, with the aim of evalu- FGIDs and in particular information on F5H3 prevalence 446
ating the prevalence of FGIDs according to Rome 111 in younger children in whom data are scarce worldwide. 447
448
Table 3. FGID Prevalence (%) in Children Between Ages 4 and 10 Years, in All Involved Countries 01 449
450
Croatia Greece lsmael Italy Jordan Lebanon Macedonia Serbia Spain 451
Vomiting and asrophagia 4?2
Adolescent rumination syndrame 0 0 0.2 0 a a2 0 0 0 433
Cyclic vomiting syndroma 0.5 0.3 0.3 0.1 05 oF i} [i} 04 454
Asrophagia 104 11 18 19 53 4 19 o7 a8 455
Abdominal pain-related FGIDs 456
Functional dy=pepsia 01 01 0.5 0.6 0.1 o7 01 0.5 04 457
Imitable bowsl =yndromsa 4.3 22 8.7 4.6 34 4.1 22 1.3 T3 -
Abdominal migraine 19 27 54 20 30 38 a0 07 64 458
Functional abdominal pain Li] 0.3 0.8 0.5 [IR] 06 0.3 [i] 21 459
Functional abdominal pain syndrome 0z 0.1 08 02 0.1 04 0 o 06 460
Constipation and incontinenca 461
Functional constipation 4.6 134 88 1BE 144 1.4 T8 4.4 179 462
MNonretantive facal incontinence 07 0.4 0.8 0.1 [iF] 04 0.1 1] 1.7 4&;
464
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Table 4.FGIDs Prevalence (%6) in Children Between Ages 11 and 18 Years, in All Involved Countries

Croatia Greece lsrael |taly Jordan Lebanon Macedonia Sedbia Spain

Vomiting and aerophagia

Adodlescant rumination syndroma LI ] 03 0.2 (i} 01 i} o1 0 01

Cyclic vomiting syndrome 0.4 L] 0.4 1] 23 04 0.4 01 06

Asrophagia 183 6.3 6.0 26 T3 4.4 6.0 249 an
Abdominal pain-related FGIDs

Functional dy=pepsia 01 0.2 11 0.6 08 11 01 0.2 0a

Imitable bowel syndrome 8.4 58 106 a8 44 62 35 20 62

Abdominal migraine 0.7 52 162 51 58 47 6.6 14 1.9

Functional abdominal pain i} oar 0.4 0a 03 06 o i} 06

Functional abdominal pain syndromea 0.8 0.5 o7 1.1 03 o0z 0.4 o7 02
Constipation and incontinence

Functional constipation 6.9 158 1686 14 20 1486 223 25 BB

MNanretentive fecal incontinence 1] 1] 0.6 01 01 oz 0.9 0.8 06

Our data show that the prevalence of most FGIDs is
higher in adolescents compared with children, and in
girls compared with boys, even if the difference in the
prevalence related to sex becomes statistically significant
only in older children. Increased prevalence in girls is
well known, and has been described in previous studies
in single countries.” """ The same is true for age-related
differences between sexes, which have been described
previously by others, such as in the study from Sagawa
et al,” which included 3976 Japanese adolescents ages 10
to 17 years.

Regarding the age-related differences in the preva-
lence, it has to be stated that becauwse of the lack of
correlation between children's and parents’ answers on
the QPGS-RIN, a comparison between the 2 groups is not
possible because the differences could be owing either to
age or to the reporter.

Evaluating the various FGIDs we found that, in
accordance to single-country studies," "' the most
frequent FGID in both age groups was FC, with a prev-
alence ranging between 11.7% and 13.1%. Furthermore,
the prevalence of IBS in our study was similar to previ-
ous reports from single countries,™ "= " and the same
was true for aerophagia."’"” In contrast to previous
studies, " we found a higher prevalence of AM,
representing one of the most frequent disorders in our
population, and a lower prevalence of functional
abdominal pain (FAPF) and FAP syndrome, in accordance
with the studies by Lewis et al” and Bouzios et al.” It can
he argued that AM rarely is diagnosed in clinical practice,
whereas FAP and FAP syndrome are encountered much
more commonly. The reason for these differences is
unknown, and can be justified only partially by the
diagnostic criteria used. In fact, it is known that the
prevalence of AM estimated with Rome 11 criteria tends
to be 4-fold higher than with Rome 11 criteria, probably
because of the Rome 111 criteria’s low negative predictive
value, which can lead to the incorrect diagnosis of other

Qq* FAP disorders such as AM, as stated by the Rome IV

Committee.” However, all the other studies considered

used the Rome HI criteria, but not all of them found such
a high prevalence of AM. Possible variations among the
countries in the microbiome, diet, and genetic back-
ground could be a plausible hypothesis for the differ-
ences obtained in different studies.

Finally, we found significant variations in the preva-
lence of some FGIDs among different European coun-
tries. For example, we reported a significantly lower
prevalence of FC in Croatia and Serbia a higher preva-
lence of aerophagia in Croatia, a higher prevalence of AM
in Israel and Spain (especially in younger children), and a
higher prevalence of IBS in Israel. The reasons for these
differences are not clear. However, considering the
multifactorial pathogenesis of FGIDs, it can be speculated
that they represent the result of the earlier-mentioned
variability in the emvironment, diet, microbiome, and
genetic background among the involved countries and
suggest that the results of single-country studies may not
be generalized. In addition, because the translations of
the QPGS-RIN have not been validated in most of the
countries, it also is possible that variations in under-
standing of the terminology among children of different
countries could explain some of the differences found
Moreover, we found that Serbian prevalence wvalues
tended to be lower than in other countries for the ma-
jority of the disorders. This could be owing to the higher
number of missing data from Serbian guestionnaires
compared with other countries.

There were some limitations to our study. This was
a parent and patient report, which suffered from the
potential biases inherent to this type of reporting. Also,
our study did not collect data on demographic charac-
teristics, socioeconomic status, or diet The lack of
demographic data do not ensure that the sample is
representative of the country prevalence. Moreover,
knowledge of these data could have allowed a better
understanding of the reported intercountry differences.
However, our study was not originally launched to
evaluate the impact of these factors on the prevalence
of FGIDs. In addition, most of the QPGS-RIII translations
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581 Tom T ¥ have not been validated. Nevertheless, the forward / 630
582 E * E‘I e <@ % backward translation, and the availability of the 640
583 r%e :\:Edn:g.m' T :.:c a study staff to ensure understanding of the QPGS-RII, 641
SH4 FaDe 5 2 should have ensured the reliability of the question- 642
585 <® o e naires. Finally, because methodologies in  the 643
S86 E different study sites have not been checked, it is 644
587 2 5 possible that subtle differences in the sampling pro- 643
588 3 L x cedures or translation issues have contributed to the 646
589 £ country differences. 647
590 « - S The major strength of this study was the large 648
501 g T g number of participants. Also among the strengths was 649
592 %@ o T - the central analysis of the data, securing the unifor- 630
593 g 2. g mity in both symptom-based diagnosis of FGIDs and in 651
594 = the processing of the missing data 652
595 ad ; This study evaluated the prevalence of FGIDs in a 633
596 § = Bl E ke £ very large sample of children and adolescents from the 654
597 ‘E bt o o < g Mediterranean-European area. Our findings confirm 655
508 = £ that FGIDs are found commonly in children and ado- 656
599 e Y lescents, especially girls, and that their frequency 657
600 < of ‘?‘ increases with age Most interestingly, the prevalence 658
601 E__ =1 & W z 3 of FGIDs varied significantly among different Medi- 659
602 E & g g = = & i terranean countries, suggesting that in fact there may 660
603 m o s be differences in genetic background, diet, environ- 661
B4 . : ment both physical and socioeconomic, and micro- 662
6035 - E biome. Further multinational studies are needed to 663
606 & _ ; evaluate the impact of demographic characteristics, 664
w07 ﬁ‘ﬁ T w T E socioeconomic status, and diet on the occurrence of 665
608 =7 [ < g FGIDs, allowing a better understanding of the reported BH6
609 < §',T- imercountry differences in the prevalence of the 667
610 a B various FGIDs. 668
611 o 85 669
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3.2 Functional Chronic Constipation: Rome Il Criteria versus Rome IV Criteria

Functional constipation is one of the most common FGIDs in children and adolescents, as
confirmed by data from the MEAP project presented in the previous section of this chapter (Section
3.1.2). It is characterized by difficult, painful, and infrequent evacuation of hard stools, with
symptoms that frequently occur early in life, around 2.3 years (44), and that may have a negative

impact on quality of life, school performance, and social interactions (45).

Diagnostic approach to FC is of paramount importance, since a correct diagnosis allows an early
therapeutic intervention. Currently, the diagnosis of FC is based on the Rome IV criteria (3), which
represent the update of the Rome |11 criteria (2). In Rome IV criteria minor changes have been made:
a) in the neonate/toddler group, the age limit for the diagnosis of functional dyschezia has been
brought up to 9 months, and typical symptoms of infant dyschezia (e.g. straining and crying) have
been associated also with unsuccessful passage of stools, and not only with successful defecations;
b) in the child/adolescent group, the duration of symptoms needed to fulfill the criteria for diagnosis
has been decreased from 2 to 1 month; c) a differentiation between children who are/are not toilet

trained has been introduced, to help the recognition of faecal incontinence even in toddlers.

Taking account of these modifications, we decided to perform a prospective study to evaluate
the diagnostic agreement between the Rome 111 and Rome IV criteria, and to estimate the effect on
prevalence established using the related two questionnaires. We enrolled 215 children, divided in 2
age groups: 81 neonates/toddlers aged <4 years (mean age 14.6£7.2 months), and 134
children/adolescents aged 4-17 years (mean age 111.5+46.3 months). Our data show that, despite the
reduction in the symptoms duration, the Rome IV criteria have the same applicability of the Rome 111
criteria for the diagnosis of functional defecation disorders (19% vs 17.6%, respectively; Cohen’s «
test agreement « 0.72). The prevalence of FC was assessed through the questions on defecation
frequency (<2 times/week), stool consistency, painful defecation, stool withholding behavior, large

diameter stools and faecal incontinence. Prevalence of FC was 17.6% with Rome IV criteria, and
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19% with Rome I11 (P=.47). So, despite the reduction in the symptom duration, we did not miss a
significant number of diagnoses of FC.
Considering the neonate/toddler group, we found that 28% reported hard stools, 8% painful
defecations, 5% large diameter stools, 4% faecal incontinence, and 1% a bowel frequency <2 times
Iweek, according to both questionnaires. In the child/adolescent group, 29.8% reported painful
defecation, 28% faecal incontinence, 8% large diameter stools, and 7% a bowel frequency <2 times
Iweek, according to both questionnaires. On the contrary, we found that prevalence of hard stools
was 19.4% with Rome 1V, and 23.1% according to Rome IlI criteria (P=.1). Finally, in Rome IV
criteria a differentiation has been made between children who are toilet trained and children who are
not. In accordance with previous literature (46), we found that 30% of children aged 0-4 years had
acquired toilet training skills (median age 27.6 months).

In conclusion, our study highlighted that the new Rome IV criteria have the same applicability
of the Rome Il criteria. Moreover, we demonstrated that, despite the reduction in the symptom
duration, the new Rome IV criteria do not fail to diagnose children with FC and that they may improve

the treatment outcomes because of an earlier diagnosis.

The results of this study have been submitted to The Journal of Paediatrics in 2017.
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Introduction

Functional constipation (FC) is a common defecation disorder in children, charactenzed by
difficult, painful, and infrequent evacuation of hard stools. The prevalence of FC in the pediatric
population ranges between 0.7%-29.6% and it has been reported to have a high impact on health
system costs (1,2). Symptoms often occur early in life; a recent study from the US has shown that
the median age of onset of FC is 2.3 years (3). Constipation symptoms may lead to reduction in
health related quality of life, poor school performances and difficult social interactions at a time that
the child is known to lay social and educational foundations for its future (4-5). Because FC is
such a major pediafric health care problem occumng at a young age, it is of great importance to
diagnose it accurately and promptly. A comect diagnosis allows early therapeutic intervention,
which is fundamental in the management of childhood FC; indeed a delay in the diagnosis and in
the subsequent treatment is negatively related to recovery (4). Currently, the diagnosis of FC is
based on the new Rome IV cnteria (5), which are the updated version of the Rome Ill cnitena (6)
(Table 1). Only minor changes have been made in the Rome IV diagnostic crnitena compared to the
previous Rome lll criteria. In the group of necnateftoddlers based on the study by Kramer et al.
(7}, the age limit for the diagnosis of functional dyschezia now has been brought up to 9 months
(B). Moreover, also symptoms typical of infant dyschezia such as straining and crying have been
associated with unsuccessful passage of stools and not only with successful defecation. In the
group of childfadolescent the only modification is the decrease from 2 months to 1 month in the
duration of symptoms needed to fulfill the crteria for the diagnosis. In accordance with the latest
European and the Morth American Societies for Pediatric Gastroenterology, Hepatology and
Mutntion (ESPGHAN/NASPGHAN) constipation guidelines (8), a shorter duration of symptoms is
needed for the definition of FC in the child’adolescent group. Finally, in Rome IV criteria, currenthy
there is a differentiation between children who are toilet trained and children who are not. This
might help to better recognize, even in toddlers, fecal incontinence and the presence of large

stools.
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We aimed to evaluate the agreement between Rome Il and Rome IV criteria for the
diagnosis of FC and the effect of the related two questionnaires on establishing the prevalence of
FC.

Methods

Subjects
Study subjects were consecutively recruited among otherwise healthy children between
infancy and under age 18 years, refemed to general practitioners, school physicians, and

pediatricians for routine well-child visits.

Ethical considerations

Whnitten informed consent was obtained from participants’ parents, and the assent was
obtained for all patients older than 10 years. The study was approved by the Institutional Review
Board of the University of Naples “Federico II".

Measures and Procedures

The Questionnaire on Pediatric Gastrointestinal Symptoms (QPGS) is a validated and
scored research instrument designed to classify gastrointestinal symptoms associated with FGIDs
according to the Rome lll and IV criteria (5,6). Because diagnostic criteria are distinct for infants
and toddlers (from 0 to under 4 years) and for children and adolescents (from 4 to under 18 years),
each questionnaire is presented in 3 forms: Form A, for parents of infants and toddlers up to age 4
years; Form B, for parents of children and adolescents age 4 up to 10 years; and Form C, for
children and adolescents age 10 to 17 years. All 3 forms include sociodemographic and
medical/developmental information.

Parents of all children younger than 10 years and adolescents aged 10 to 17 years
completed the age related QPGS of both Rome Il and Rome |V criteria in the waiting room. A

a
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research assistant intfroduced the questionnaires and was present to assist if needed. Compilation
of both questionnaires took about 10 minutes.

Cluestions were posed conceming the main charactenistics of children's bowel habits:
frequency of bowel movements, consistency of stools, onset of constipation symptoms, family
history of constipation, hard or painful bowel movements, urgency or feeling of an unfinished bowel
movement, mucus in stool, history of large-diameter stools that may block up the toilet, withholding
stools for fear of pain, sgueezing the legs or buttocks together (retentive posturing), fecal
incontinence (staining or soiling) during the day andfor night, a large fecal mass in the rectum, and
the presence of associated symptoms.

All data were analyzed to establish how many patients met the Rome I, the Rome IV or

both criteria.

Statistical Analysis

Continuous data are expressed as mean standard deviation (SD). Statistical analyses were
performed using SPS5 22.0 (IBM Corporafion, Armonk, NY'). For categonical vaniables the y2 test,,
with or without exact comection, or the Fisher's exact test were used where appropnate. To test the
agreement of the Rome Il and Rome |V cnteria with regard to constipation the Cohen’s measure

was applied. A 2-sided P value <0.05 was considered statistically significant.

Results

In a 6-month period, 220 children (mean age, 47 months; 104 males) were consecufively
screened. Five of these patients were excluded because their parents were not able to answer the
QPGS questionnaires. Clinical and demographic charactenstics of the 215 children enrolled, are
shown in Table 3. Functional defecation disorders were not diagnosed significantly more often by
Rome Il (41 [19%]) than by Rome IV criteria (38 [17.6%]) and the agreement Cohen's K test
showed a good agreement between fulfillment of the criteria for FC according to the Rome Il and
Rome IV definitions (k 0.72).
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In the 4-17 years group, 28 patients (20%) were positive under Rome IV cnteria and the
same number (20%) was positive under Rome Il cntena. In the 0 months to 4 years group, 10/81
(12.3%) were positive under Rome IV criteria and 13/81 (16%) were positive under Rome Il
crteria (Table II). In particular, in the sub-group 0-6 months 2/35 children (5%) were positive under
Rome IV crtena and just 1/35 patient under Rome Il critena (2%). No statistically significant
difference was reported in the diagnosis of FC between the Rome IV and the Rome Il criteria in
each of the three groups (P=0.18, P=0.34 P=1;respectively).

The prevalence of FC was assessed based on the questions regarding defecation
frequency (<2 times per week), stool consistency, painful defecation, stool withholding behavior,
large diameter stools and fecal incontinence.

Applying the Rome IV guestionnaire the global prevalence of FC was 17.6% (38/215).
Using the Fome Il questionnaire it was 19% (41/215); this difference was not statistically
significant (P =0.47). Thirty-eight patients/215 (17_.6%) fulfilled both the Rome 1l and the Rome IV
criteria for constipation. Three patients /215 (1.3%) fulfiling the Rome Il crteria for FC did not
satisfy the Rome IV criteria. These three patients were all from the group aged 0 to 4 years (Table
Il). All these patients were considered constipated according to Rome Il gquestionnaire, but not
using the Bnstol Stool Scale, present in the Rome IV guestionnaire, which defines bowel
consistency. Fecal incontinence was present in 42/215 {19.5%) subjects, all from the children and

adolescents group.

Subgroup analysis

Neonate and Toddler group

Looking at the clinical charactenistics of the neonate and toddler group (0-4 years old) we
found that 1/81 (1% patient showed a bowel frequency <2 times fweek, 4/31 had large diameter
stools and 10/81 (26%) reported hard stool according to both questionnaires. Regarding painful
defecations 7/81 (8%) patients were identified according to both Rome Il and Rome IV, all were

6
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from 7 month to 4 years of age. Fecal incontinence was present in 4/81 (4%) according to Rome I

and Rome IV questionnaires (Table II).

Child and Adolescent group

In the child-adolescent group (4-17 years old) 10/134 (7%) patients showed a bowel
frequency =2 times /week according to both Rome Il and Rome IV criteria. Moreover 26/134
(19.4%) reported hard stool according to Rome IV questionnaire, while 21/134 (23.1%) according
to Rome [l questionnaire (p 0.1). Regarding painful defecation 40 children /134 (29.8%) were
identified. 11/134 (8%) had large diameter stools. Fecal incontinence was present in 38/134

patients (28%) according to both Rome Il and Rome IV entena (Table [1).

DISCUSSION

Our study shows that the new Rome IV critena have the same applicability of the Rome [lI
crteria for the definiion of FC, despite the reduction in the symptoms duration. This is very
important because it is well know that an earier diagnosis improves the outcome of childhood with
FC. In a study of Bongers et al, they demonstrated that one of the factors of constipation’s
recurrence in adulthood was a longer delay betwsen onset of symptoms and first visit, together
with an older age at onset and lower defecation frequency at study entry (9). We showed that even
reducing the time of symptoms presentation, we did not miss any diagnosis. Indeed, we found that
the overall prevalence of constipation was 19% according to Rome Il critera and 17.6% according
to Rome IV critenia.

A systematic review of the available literature reported that the global prevalence of
childhood FC ranges from 0.7% to 30% (6,7). According to this review (1) Asian countries seem to
have a lower prevalence of constipation (median 10.8%), compared to MNorth America (16%),

7
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Europe (19.2%) and Oceania (19.7%). The authors suggested that the reason for this discrepancy
is maybe due to diverse cultural, dietary, genetic, environmental and socioeconomic conditions and
different health care systems. Although, there is also a lack of uniformity in the criteria used for the
diagnosis, since not all of these studies adopted Rome |l critena. In our study, we found a fair
agreement between Rome IV and Rome Il cntena in establishing the prevalence of FC.

Conceming the prevalence of functional gastrointestinal disorders in infants and toddlers,
only limited studies using the Rome Il critena have been published. [8,9]. In these studies the
prevalence in toddlers was reported to be higher than in infants (8,9), which is in line with recent
findings from a retrospective chart review study, which descnbed that the median age of onset of
functional constipation in children was 2.3 years (11). In accordance with these previous study, we
found that the prevalence of FC was lower in the neonate group according to both Rome [1l and
Rome IV criteria, whereas it was higher in the toddler’s group.

In the Rome IV questionnaires, ancther change has been the introduction of the Bnstol
stool form scale for the assessment of stool consistency in the group of children and adolescent.
Indeed, we found a different percentage of patients reporting hard stools according to Rome Il and
Rome IV guestionnaires; however, this difference did not reach statistical significance regarding
the FC prevalence. Therefore, our results are in accordance with the study from Koppen et al.,
which demonstrated that the agreement between the Bristol stool form scale and the parental
report for assessing the prevalence of FC is excellent (12). As the previous authors reported, we
also demonstrated that the introduction of the Bristol stool form did not affect the assessment of
the prevalence of FC. This is most likely because the Rome criteria encompass more critenia than
stool consistency alone. Indeed the Rome Il entena for hard and painful stools are a combined
crterion and children fulfill these cntena, if they have either hard stools or painful defecation. This
decreases the impact of stool consistency alone in diagnosing FC.

Finally, in Rome IV critena a last differentiation has been made between children who are
toilet trained and children who are not, expecting this could be relevant for the criterion of fecal
incontinence and for the description of large stools. In our study, 30% of children with an age
between 0-4 years had acquired toilet training skills with a median age of 27,6 months in

8
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accordance with previous literature (13). However, in our population fecal incontinence was
reported only in four children from 0 to 4 years. We had a global prevalence of 19.5% for fecal
incontinence (Fl), this is in line with the observation that Fl is only present in 20% of children with
FC treated in primary care (14,15).

The strength of our study is that we have drawn these children from a large general
outpatient clinic based sample and had an adequate number of cases to have a good statistical
power and draw conclusions. Furthermore, we “diagnosed” FC not only on the basis of a
questionnaire, but we also included a physical examination. Indeed, it is still important to recognize
that a gquestionnaire is only a screening tool, and an evaluation by a physician is always necassary
to actually diagnose functional defecation disorders.

In summary, this study highlights that the new Rome IV criteria have the same applicability
of the Rome Ill criteria. We conclude that the new Rome IV criteria do not fail the diagnosis of
constipation, despite the reduction in the symptoms duration. However, they may improve the

outcome in the treatment of FC due to an earlier diagnosis.
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Table |

Diagnostic criteria according to Rome Il and Rome IV for child and adolescent

Rome lll Criteria
Functional constipation: Must include 2 or more of the following in a child with a developmental age
of at least 4 years with insufficient critenia for diagnosis of imitable bowel syndrome:
+ Two or fewer defecations in the toilet per week
s Atleast 1 episode of fecal incontinence per week
+ History of retentive postunng or excessive volitional stool retention
s History of painful or hard bowel movements
+ Presence of a large fecal mass in the rectum
s History of large-diameter stools that may obstruct the toilat
s Cntera must be fulfilled at least once per week for at least 2 months before diagnosis.
+ MNon retentive fecal incontinence: Must include all of the following in a child with a
developmental age of at least 4 years:
+ Defecation into places inappropriate to the social context at least once per month
s No evidence of an inflammatory, anatomic, metabolic or neoplastic process that explains
the subject’s symptoms

+ Noevidence of fecal retention
Rome IV

Diagnostic Cnteria for Functional Constipation Must include 2 or more of the following occurning at
least once per week for a minimum of 1 month with insufficient cntena for a diagnosis of imitable

bowel syndrome:
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2 or fewer defecations in the toilet per week in a child of a developmental age of at least 4
years

At least 1 episode of fecal incontinence per week

History of retentive posturing or excessive volitional stool retention

History of painful or hard bowel movements

Presence of a large fecal mass in the rectum

History of large diameter stools that can obstruct the toilet

After appropnate evaluation, the symptoms cannot be fully explained by another medical

condition.

Table II. Distribution of the 215 patients according to the Rome Ill and Rome IV critenia, stratified

for the 2 age classes

Age group Roma lll -/Roeme V- Rome |l -f Rome IV+ Rome lll+/ Rome VY- Rome lll+f Rome V+ p

Under 4 y (n81) 65 (83.9) 0 3(3) 10{12.3) 0.18
41017y (n134) 106(79.1) ] 0 28(20.8) 0.34
Total  (n215) 174(80.9) 3(1.3) i 38(17.6) 0.21

Diata are number (%).

+, positive; -, negative.
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Table lll. Clinical charactenstics of all study patients and according to age

Patient charactenstics All patients 410 17 years <4 years F
Mumber of patients 215 134 81 -
Mean age (months) (DS) 46,8 11151463 146272 -
Females, n (%) 111(51.6) 75 (565.9) 36 (44)
0.590

Symptoms, n (%)

Defecation frequency <2iweek 11 (5) 10 (7) 1(1)
0.41

Painful defecation 47 (21) 40(29.8) T(B)

0515

History of large-diameter stocls  15(6) 11(8) 4(4)

Fecal incontinence (%) 42 (19.5) 38 (17) 4{4) —

5D, standard deviation.



3.3 Development of a core outcome set for clinical trials in childhood constipation: a study
using a Delphi technique.

The perception of the symptoms of FC is different between the patients, their parents and the
healthcare professionals (HCPs). This causes a lack of agreement on the definitions and outcomes in
therapeutic trials which makes it difficult to pool the results of different studies. In 2016, Kuizenga-
Wessel et al. assessed the definitions and outcomes in randomized controlled trials conducted in
children with FC, and confirmed the existence of a heterogeneity in these parameters (31). In order
to address this issue, we decided to develop a core outcome set (COS), which is an agreed,
standardized set of outcomes that guides on the measures that should be reported in a clinical trial.
In the last few years, several COS were developed for various paediatric conditions, like acute
diarrhoea, asthma, and infantile colic (47-49); all these studies used the Delphi technique to identify
important outcomes.

The use of a COS improves healthcare and increases the capability to evaluate the efficacy of an
intervention. However, it is mandatory to include items that matter to the stakeholders. For this
reason, in the definition of the COS for FC, we decided to involve not only the HCPs, but also the
parents and the patients. In fact, a study from Farrell et al. demonstrated that, when evaluating
children with FC, the symptoms of concern differ between parents and HCPs (50).

The study was commissioned by the ESPGHAN, via the Consensus Group on Outcome Measures
Made in Paediatric Enteral Nutrition Clinical Trials (COMMENT), and was structured in different
steps.  First, we conducted a survey among HCPs attending two international paediatric
gastroenterology conferences, asking them to list up to five harmful/beneficial treatment outcomes
which guided their clinical decision in the management of children with FC, in an inpatient and
outpatient setting. The survey was completed by 109 HCPs from 28 different countries. For infants
aged 0-1 years, the HCPs reported 89 outcomes for the outpatient setting, and 74 for the inpatient
setting, while for children aged 1-18 years, they reported 76 outcomes for the outpatient, and 72

outcomes for the inpatient setting. Moreover, we collected data from 165 parents of children with
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FC from 4 different countries (Belgium, Italy, Poland, and The Netherlands), who were asked to list
up to five treatment outcomes that made them feel their child was managed adequately (comfortable),
and five treatment outcomes that made them feel their child was managed inadequately
(uncomfortable). Concerning children aged 0-1 years, 28 outcomes for the adequate, and 26 for the
inadequate management were reported, while for subjects aged 1-18 years, 52 outcomes for the
adequate and 45 for the inadequate management were reported. Finally, we also included 50 patients
aged >12 years (mean age 14.8 years) who were asked the same questions as their parents, and
reported 21 outcomes for the adequate and 22 for the inadequate management.

In the subsequent step, all the reported outcomes were classified in predefined domains, which
are subcategories used to group similar outcomes. All the outcomes mentioned by >10% of the
participants were included in a shortlist. The shortlists were sent to 80 HCPs who participated in the
first survey, who were asked to rate the outcomes considering the clinical relevance, and to prioritise
outcomes by selecting five outcomes they thought to be most important in guiding their clinical
decision-making; 50/80 (63%) completed the questionnaire. The top 5 outcomes obtained for
outpatient and inpatient settings were similar, so we combined them into one preliminary outcome
set per age group. In addition, a new group of 80 parents and 50 (mean age 13.8 years) patients
received the shortlists to rank the outcomes, and to prioritise them by selecting the five outcomes that
made them feel most (un)comfortable. The outcomes that made the parents and the patients feel
comfortable and uncomfortable were similar, so we created for each group a single preliminary
outcome set. Finally, the five outcomes with the highest rank were selected for each group. In
general, stakeholders agreed on the identification of the most important outcomes, even if some
discrepancies were present. For example, parents and patients, but not HCPs found “abdominal pain”
as an important outcome. In fact, although it is not a characteristic feature of FC, 10%-70% of
children with FC refer abdominal pain, which can have an impact on quality of life, reducing social
activities and leading to school absenteeism (51). Also for “defecation frequency” we found some

discrepancy, with HCPs considering it one of the most important treatment outcomes, in contrast to
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parents and patients. Those preliminary outcome sets for HCPs, parents and patients, were combined
to create a draft COS that was presented to an expert panel during the COMMENT meeting at the

ESPGHAN meeting in Athens, Greece (2016), to reach consensus regarding the final COS.

The final COS for children aged 0-18 years included: defecation frequency; stool consistency;
painful defecation; quality of life of parents and patients; side effects of treatment; faecal
incontinence, if age appropriate; abdominal pain, if age appropriate; school attendance, if age
appropriate. We recommend researchers to use this COS to decrease outcome heterogeneity and

improve comparability of study results.

The results of this study have been published in BMJ Open in 2017.
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Development of a core outcome set for
clinical trials in childhood constipation:
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ABSTRACT

Objective Patients, their parents and healthcare
professionals (HCPs) have a different perception
regarding the sympioms of functional constipation (FC).
Consequently, a lack of agreement exists on definitions
and outcomes used in therapeutic inials of FC. Therefore,
oUT &M was to develop a core outcome set (COS) for FG
for children aged 0—1 year and 113 years.

Design and setting Prospective study design: primary,
secondary and terfiary care settings.

Methods This 005 was developed using a Delphi
technique. First, HCPs, parents of children with FC and
patients aged =12-18 years were asked 1o fist up to five
owtcomes they considered refevant in the treatment of
FC. Dutcomes mentioned by -10% of parficipants were
included in & shortfist. [n the nexi phase, oufcomes on this
shoetiist were rated and prioritised by HCPs. parents and
patients. Dutcomes with the highest scores were included
in a draft COS. In a face-to-face expert meeting, the final
CO5 was determined.

Results The first phase was completed by 109 HCPs,
165 parents and 50 children. Fity HOPs, BD parents and 50
children completed the subsequent phase. The response
rate waz between 63% and 100% in both steps. The finzl
COE for all ages consisted of: defecation frequency, siool
consistency. painful defecation, qualty of life, side effects
of treatment, faecal incontinence, abdomingl pain and
schoo! attendance.

Conclusion The use of this COS for FC will decrease
study heterogeneily and improwe comparability of studies.
Therefore, researchers are recommended to use this COS
in future therapewtic tnizks on childhood FC.

INTRODUGTION

Functional constupation (FC) 15 a common
problem with a worldwide prevalence of
0.7%-29.6%." Approximately 95% of chil
dren with constipation has FC, meaning that
no Organic or anatomic cause can be ident-
fied.

Standard definibons and cntenia for FC
exist but are rarely used in research and clin-
ical practice” In 1900, the frst diagnostic
criteria for pacdiatric functional gastroin-
testinal disorders were published: the Rome

What is already known about this subject?

I crtena. Several studies showed, however,
that these were too restnictive and were there-
fore modificd into the Rome I cnteria (2006)
and recently into the RBome IV criteria. ™

Differences i outcome  defimibions,
measurement and reporting across clinical
trials make 1t difficult 1o pool stady results.
Moreover, negative results are less likely to
be reported, which can cause bias.” These
problems can be tackled by developing
agreed standardised sets of oulcomes: core
outcome sets (COS). COS8 serve as a muide
for what should be measured and reported,
bui measured outcomes do not need o
be restncted to the COS. Researchers can
examine additional outcomes that might be
of interest to them. ™12

005 increase consensus about the efficacy
of an intervention and can improve health-
care, but it needs to contain outcomes that
really matter to stakeholders. It is important
to involve healthcare professionals (HCPs),
parents and patients with FC when devel-
opng a COS. Especially since the Literature
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Figure 1 Flow diagram of the core outcome set (COS) development. HCPs, healthcare professionals; nfa, not applicable.

has shown that parents of children with FC have different
concerns regarding their child's symptoms than HCPs. "

In recent years, several COS were developed for paedi-
atric topics such as acute diarrthoea, infant colic and
asthma.'*™"" These studies used the Delphi technigue
to identify clhincally important outcomes for HCPs and
parents. Sinha ef al also involved patients 212 vears in this
process.'”

This work was commissioned by the Consensus Group
on Outcome Measures Made in Pasdiatric Enteral Nutni-
tion Clinical Trals (COMMENT), an inittative of the
European Socety for Pacdiainic Gastroenterology Hepa-
tology and Nutrition (ESPGHAN). COMMENT agreed
that consensus was needed on core outcomes for FC
Therefore, we aim to develop a COS for therapeutic trials
in children with FC, in primary to tertiary care setings.

METHODS
The method for the COS development was based on
previous publications. '

The Medical Ethics Review Committee confirmed that
the Medical Rescarch Invobang Human Subjects Act did
not apply to this study and therefore official approval by
the committee was not required.

Diescriptive statistics were used bo summanse resulis.,

In step 1. we systematically assessed how definitions
and outcomes were defined in therapeutic randomised
controlled tnals of children wath FC. Results were
published in two manuscripts; one concerning chil-
dren =4 years and another concerning children aged
I-15 }':ars.: &

4
Brazi/Czach Republic/New Zealand/ 2
blwnayﬂpmania@mdamaﬁaﬂw&ﬁ
A sctralia i e .I.

HCPs, healthcare professionals.

2 ¥uizenga-Wesssl 5, et al M. Pasdiarics Open 2017-1:e000017. doi: 10,11 36hmjpo-2017-000017
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Participants
In step 2, we collected important treatment outlcomes
among stakeholders.

A survey was conducted among HCPs visiing  two
international paediatric gastroenterology conferences.
Participants were randomly approached and asked to
list up to five harmful /beneficial treatment outcomes,
which they considered important and guided their clin-
wral decsion-making in outpatient and inpatient settings,
as outcomes could differ in these settings. Data regarding
profession and country of practice were collected. We
aimed to include =100 HOPs ™

We aimed to include 160 parents in four countries
(Belgium, Italy, Poland and the Netherlands). Parents
of children with FC {according to the Rome HT criteria)
were randomly approached by their child’s treating phvsi-
cian to participate in this anonymous survey.” ® Parents
were asked to list up to five treatment outcomes that
made them feel comfortable or made them feel that their
child was being treated adequately. The same question
was asked for treatment outcomes that made parents feel
uncomfortable or made them feel their child was being
treated inadequately. Cuestions were translated into the
native language of parents and answers were carefully
translated back to English by their HCR,

As an ancnymous pillot study, we assessed which treat-
ment outcomes were relevant to patients =12 years,
diagnosed with FC according to the Rome I criteria.” ™

We aimed to include 50 pabents at the gastroenter-
ology outpatient clinic of the Emma Children’s Hospatal /
Academic Medical Centre, Amsterdam, the Netherlands.
Children were randomly mvited by their doctor and
questions from the parental survey were adjusted for this
population.

Outcomes

Instep 3, reported outcomes were classified in predefined
domains based on our indings in step | (defecation, asso-
ciated symptoms, use of medication, treatment success,
quality of life (Qol) and hospital).” "7 Domains func-
toned as subcategones o group outcomes with similar
charactenstics. When necessary, we added new domains
based on survey results. Similar cutcomes were combined
and outcomes mentioned by 210% of participants were
included in a shorthist. The 107 threshold was chosen by
COMMENT to keep shortlists manageable. Ten separate
shortlists were created.,

Next, shorthsts for HCPs were sent (o those that partic-
ipated in the first survey and agreed to participate in the
second survey as well. They were asked to rate outcomes
on clinical relevance on a scale of (-4 ((=not relevant,
4=very relevant) and to pricntse outcomes by selecting
five outcomes they thought to be most important n
guding their clinical decsion-making.

A pew group of parents and patients with FC, from
the same four countries, was invited to participate in this
phase. They received shortlists for parental and patient
outcomes, respectively, and were asked to rank outcomes

on a scale of 04 (f=does not make me feel (un)comfore-
able, 4=makes me feel very (un)comfortable) and o
priontise them by selecting the five outcomes that made
them feel most (unlocomfortable. Surveys were returned
anonvmously,. We aimed 1o include 80 parents and 50
paﬁ:nu.”m

Subsequently, the five outcomes with the highest rank
were selected for each group. This resulted in prelimi-
nary outcome sets for HCPs, parenis and patients, for
both age groups.

After combining the preliminary cutcome sets for each
age group, a draft COS8 was presented to an expert panel
during the COMMENT Working Group (WG) meeting at
the ESPGHAN meeting in Athens, Greece (2016). Here
consensus (a unanimous decision} regarding the final
COS was reached by discussion.

RESULTS

Flow diagram of COS development is shown i figure 1.
One hundred and nine out of 143 (76% ) HCPs completed
the first questionnaire. They originated [rom 28 countries
(table 1) and included 52 pacdiatnc gastroenterologists,
M general paediatnicians, 17 fellows, 4 residents in paedi-
atrics, 4 paediatric nutriionists, 3 researchers, 5 not
specified, | intern and | general doctor. In some onigi-
nating countries, healthcare 15 orgamsed in such a way
that paediatricians represent primary and secondary care
as well.

For mfants aged 0-1 years, 89 and 74 different
outcomes were reported for outpatient and inpatient
settings, respectively. For children aged 1-18 years, 76
and 72 different outcomes were reported for outpatient
and inpatient settings, respectively. Table 2 shows an
example of reported outcomes.

One hundred and sixo-five parents { 1005} of children
with FC completed the first questionnaire. Parents of
infants aged -1 vears reported 28 treatment outcomes
that made them feel comforiable and 26 oulcomes that
made them feel uncomfortable., Parents of children
aged 1-18 years reported 52 treatment outcomes that
made them fecl comfortable and 45 that made them feel
uncomfortable.

Fifty patients =12 years (mean age 14.8 years; response
rate 1009 ) completed the first questonnaire. Patients
reported 21 outcomes that made them feel comfortable
and 22 that made them feel uncomfortable.

Table 3 shows outcomes that were reported most
frequenthy.

Creating a shorilist and final COS

Fifty out of 80 HCPs (63%) completed the second
questionnaire regarding the matng and prontsng of
outcomes on the shortlist. Since the top 5 of outcomes
for outpatient and inpatient settings were rather similar
(tables 4 and 5}, we combined these into one preliminary

outcome scl per age group.

Kuizanga-Wessel S, of al M. Paeditrics Opan 2017:1:2000017. dai:10.1138/bmipe-2017-000017 3
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Constipation Duration of constipation 3
Constipation 2
Digappearance of constipation 2
Quality of stocls a3

Faecal incontinance Faecal incontinanca 28

Other gastrointestinal complaints
—
Quality of fife Quiality of life of child/parants

Reduce stross in family 4

Reduce parental anxiety 3

Bohaviour/enargy/mood of child a

Nomal social fife 1

Parent's discomfort 1
_
Faecal impaction 3

Faﬂnﬂlmpmrm'wm 1

Efficiency of disimpaction 1

Mo effect of clean cut 1

Treatment compliance Treatment compliance 5

g

A

FKuizanga-Wessel 5, of al BM.S Faediatics fpen 2017.1:e000017. doi10.11-36/bmijpo-2017-000017
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5]

Education Parental reassurance
Explanation of nomal stoal pattern
Explanation of long duration of therapy
Re-gducation

1
1
1
1
1

Adsnuate relisf Adtucyiho paliof rated iy patients sndpamenls

School attendance
Manage anal fissure
Sleap
Fraquency of voiding
Costs of reatment
Presance of alam symptoms
A&aqmlammngb-,_rfa'rir
Colonic transit time
Dacreaze of diameater of the rectum
Control of sphincter

Thiree unclear outcomes such as “familisr emvironment’ and ‘organisation’ wene not displayed.

IO I 7 Y

In step 2, only five outcomes were mentioned by =105 All 30 parenis of children 1-18 years { 100% ) completed
of the parents of infants 0—1 vears. It was unnecessary to - step 5 . Tables 4 and 5 show the shortlists that were rated
approach new parents for step 3, as the rating and prior-  and prnonbsed by parents. Since oubcomes that made
itising would not affect the top 5 outcomes. parents feel comfortable and uncomfortable were rather

Kuizenga-Wesssl 5, ot al BMJ Fascizinics Open 2017:1:6000017. doi: 10.1136/bmipe-2017-000017 5
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Inpatient setting

Parents Comfortable Uncomfortable
l:hlldmn 1-1 Braa's
Defecation freguency Defacation frequency
(55%) {46%)
Abdominal pain (39%)  Abdominal pain (27%)
Stool consistency (30%) Stool consistency
{26%)
Dafecation freguency Abdominal pain (40%)
{41%5)
Abdominal pain (39%) Faecal incontinenca
{25%5)
Stool consistency (25%) Defacation fraquency
{25%:)
Abdominal pain (66%)  Abdominal pain (55%)
Dafecation freguancy Defacation frequency
(40%%) (35%)
Faacal incontinence Faecal incontinenca
(3296} {28%%)

HCP, healthcare professional.

similar for this age group, we combined these into one
preliminary cutcome set.

Fifty patients (mean age |3.8 years; response rate
100%: ) completed the rating and priontising of outcomes
(table 6). Outcomes that made panents feel comfortable
and uncomfortable were rather similar and we combined
these into one preliminary outcome set.

The preliminary COS of HCPs and parents of infants
01 years old were comparable. Therefore, these were
combined into the following draft COS: defecation
frequency, steol consistency, painful defecation, discom-
fort, crying, abdominal pain, treatment success, strainang
and Qol. of parents.

Wi repeated this precess for children 1-18 vears but
added the outcomes mentioned by patients aged =12
yvears. The preliminary COS of HCPs, parents and

paticnits appeared o be comparable as well, except Tor
the following outcomes: ‘abdominal pain' (mentioned by
parents and patients), ‘treatment success’ (parents) and
scheol attendance” (patients). We combined outcomes
into the following draft COS: defecation frequency, stool
consistency, painful defecation, QoL {child and parents),
faeral incontinence, abdominal pain, school attendance
and reatment success.

The draft COS for both age groups was presented in
a COMMENT WG meeting. Regarding the COS for 0-1
vears, it was unanimously decided to exclude ‘discom-
fort’, *abdominal pain’ and ‘crang’ mn the final COS,
since these outcomes are nonspecific and cannot with
certainty be atinbuted to FC or the treatment effect
Additionally, it was decided to exclude ‘straiming’, since
‘painful deferation” was already included in the COS.
Treatment success” was excluded as it @8 assumed to be a
combination of the included outcomes.

Begarding the COS for 1-18 vears, it was unanimonsly
decided 1o add two outcomes mentioned by parents/
paticnts: “abdominal pain’ and ‘school attendance’.
“Treatment success’ was excluded for the same reason as
above.

Since the applicability of a treatment depends on a
balance between benefits and side effects of that treat-
ment, it is recommended to assess ‘side effects” as part
of the COS."® Although “side effects of treatment’ were
mentioned by <10% of respondents, we added this
outcome to the COS. The COS for infants 01 years there-
fore includes: defecation frequency, stool consistency,
painful defecation, Qol. of the parents and side effects
of treatment. The COS for children 1-18 years includes:
defecation frequency, stool consistency, painful defeca-
tion, Ool. of patents and parents, faecal incontinence,
abdominal pain, school attendance and side effects of
treatment.

For practical reasons, we combined these into one final
€05 for all children aged 018 years {box 1),

DISCUSSION
HCPs, parents and patients 212 years were involved in a
Delphi technique to develop a COS for children with FC
aged (-18 years. Stakeholders largely agreed on which
outcomes wers most important, but some discrepancies
existed. Parents and patients found ‘abdominal pain’
more important than HCPs. Although it is not a charac-
terstic feature of FC, 10%-70% of children with FC are
suffering from abdominal pain which can have a large
impact on their \-!.ﬂ.']]—i::»l:i:l.':g."3 Abdominal pain can lead
to school absenteeism and reduce participation in social
activities. Another discrepancy regarded ‘defecation
frequency’: depending on the age group, 46%-55% of
HCPs found this the most important treatment outcome,
whereas parents and patients mentioned this less often as
an important outcome.

Interestingly, most Rome IV critenia are represented
in our COS, except for ‘presence of a large faccal mass

6 Kusizanga-Wesss| 5, of al. BMJ Pasdintrics (pen 201 7-1:2000017. doi:10.1136/bemjpo-2017-000017
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Rank Qutcome measures Domain Percentage Average rating
Healthcare professionals

Ourtpatient setting

1 Defacation fraquency Defacation 153 3.14

2 Painful defacation Defecation 94 2.88

3 Stool consistency Defacation a2 .20

4 Dizcomfort Associated symptoms T4 278

5 Quality of life (parents) Cality of life G4 1.76

Inpatient setting

1 Defacation fraquency [Defacation az 3.18
2 Stool consiztency Defacation =iz 324
3 Pairful defecation Defacation 24 284
4 Dizcomfort Associated symptoms 72 2.30
5 Cuality of life (parants) Cuality of life G2 2.3
Parents:

Comfortable

1 Stool consistency Defacation A WA
2 Defacation frequency Defacation

3 Crying Associated symptoms

4 Abdominal pain Associated symptoms

5 Treatment succass Treatment succass

Uncomfortable

1 Stool consistency Defecation M/A LY
2 Straining Associated symptoms

3 Defacation fraquency Drefacation

4 Crying Associated symptoms

5 Painful defescation Defacation

W/A, not applicabls.

Outcomes ranked 1 to & no background colour and outcomes ranked 6 to 8 (f applicable a darker colour to visualise they wers excluded from

the top 5.

in the rectum’, ‘retentive posturing’ and ‘large diam-
eter stools” which were mentioned by 3%, 2% and 0%
of HCPs, respectively. Furthermore, *faccal incontinence”’
was mentioned as an important outcome for infants aged
-1 years. A potential explanation for this could be that
this was a Rome I criterion for children aged (—4 years.
Since this is very difficult to assess in children wearing
diapers, the Rome IV criteron ‘faccal incontinence’ is
only used as an additional critenion to diagnose FC
toilettrained children.”

One of the strengths of this study is the high response
rate. Furthermore, participation of physicians around

the globe, involvement of parents from four European
countries and inclusion of patients increase the gener-
alisability of our COS. This study has some limitanons.
First, our study focused on children whose FC is managed
by hospital pacdiatricians. In some participating coun-
tries, however, healtheare is organised in such a manner
that pacdiatricians represent primary and secondary care
as well. Although we included participants from around
the globe, developing countries were under-represented
which may limit the external validity of this COS in a
developing country setting. Data collection from HCPs
occurred  at intermational pacdiatric gastrecnterology

Buizenm-Wessal 5, of al BM Paediaincs Gpan 2017;1:e000017. doi:10.1136 benjpo-2017-D00017 i
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Percentage  Awerage rating

1 Faecal incontinence Associated sympioms a4 3.83
2 Defacaticn frequency Crafecation B4 3.50
3 Painful defecatiocn Drefecation T8 3.24
4 Stool consistency Crefecation 78 3.18
5 Quality of life (child/parents) Cuality of life TE 331

Inpatient setting

1 Fagcal incontinence Associated sympioms a8 3.59
2 Dafacation frequency Defecation BE 3.48
3 Stool consistancy Defecation 7a 2.z24
4 Painful defecation Defecation 74 318
5 Quality of iife (child/parents) Ciuality of life 70 2.98

|

Comfortable

1 Quality of life (child and parents) Cuality of life B3 341
2 Abdominal pain Associated sympioms 7 3.30
3 Faecal incontinence Aszsociated symptoms Fi:] az4
4 Painful defecation Defacation GE 296
5 Stool consistancy Defacation 65 aie

Uncomfortable

1 Lack of treaiment succeoss Treatment succass a8 240
2 Abdominal pain Associated symptoms 84 295
3 Siool consistancy Defacation 78 25T
4 Defacation freguency Defacation 68 240
5 Faecal incontinence Aszsocigfed symptoms 62 208

Outcomes ranked 1 to & no background colour and cutcomes ranked 6 to B (if apphcable a darker colour to visualise they were excluded from
the top 5.

conferences. This may have caused bias since these
HCPs often treat patients with severs and long-lasting
FC. and they could therefore have chosen different
outcomes compared with primary care physicians. Also,
patients 212 years were recruited in a tertiary care setiing
as a pilot study. Only recruiting patients in such a special-
ised] setting might have led o biased results.
Furthermore, since answers were collected anon-
ymously in both Delphi rounds, we were unable to

assess any potenbal differences between  respondents
and non-respondents. The Delphl technigue is well
suited as @ method for consensus building, but it s a
tme-consuming process, that requires active participa-
tion throughout the Delphi process, which can result in
high dropout rates.” However, our response mates were
63%— 100 in both steps.

Another potential limitation = the use of questonnaires
thatwere developed in English and thereafter translated into

Kuizenga-Wessel 5, of al. BM Paadiaivics Dpen 2017,1:e000017 . doi:10.1136bmjpe-2017-000017
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Percentage Average rating
1 Abdominal pain Associated symptoms BE .52
2 School absance Treatment sUccess T4 3.14
3 Faecal incontinance Associated symptoms 66 2.88
4 Cuality of lifie (child) Cuality of life 54 234
5 Defecation frequency Defacation 52 2.58

Uncomfortable

1 Abdominal pain Asz=sociated symptoms BE 3.38
2 School absance Treatment success 70 3.08
3 Faecal incontinanca Assoriated symptoms 68 3.06
4 Cuaity of fife (child) Cuuality of life 50 274
5 Defacation fraquency Defacation 48 248

Outcomes ranked 1 to 5 no background colour and outcomes ranked 6 to 8 (f applicable a darker colour to visuslise they wers excluded from

the top 5.

Box1 Final core outcome set for functional constipation

four different langnages. Although this was done carefulby, 1t
is possible that this resulted in subtle changes in questions
or answers. Some responses in step 2 were somewhat open
to interpretation; therefore, we may have msmterprebed
and imcorrectly combined outcomes. Furthermore, mot all
omcomes mentoned by parents or patients were inchded
m the final COS. The WG unanimously decided that these
outcomes were non-specfic for FC {(oming, discomfort) or
already included in the CO8 (straining, treatment suooess).

As mentioned before, a COS is the basis for what
should be measured and reported in clinical trials,
but rescarchers can add more outcomes if needed.®!
Selective reporting should be avoided by presenting
results for both core outcomes and additional
OULCOMEes.

To enable comparison of tnal results, there 15 not
only a need for consensus regarding outcomes, we

also need homogeneity in used definitions of FC. We

recommmend to use the recently published and inter-
nationally accepted Rome IV critena for FC in future
trials.”

COS have the potental to improve evidence-based
healthcare, but their creation docs not automatically
lead to its implementation and it would therefore be
valuable to assess how widely this COS is being imple-
mented.

In conclusion, the CO35 for childhood FC (0-18
vears) consists of defecaton frequency, stool consis-
tency, painful defecation, (ol and side effects. Faecal
incontinence, abdominal pain and school attendance
should be measured if age appropnate. We recom-
mend researchers to use this COS to decrease outcome
heterogencity and improve comparability of study
results.
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Chapter 4
- Treating Functional Gastrointestinal Disorders -

4.1 Effect of magnesium alginate plus simethicone on gastroesophageal reflux in infants

Gastroesophageal reflux (GER) is a condition that occurs frequently in healthy infants, due to
numerous physiological factors, and tends to resolve spontaneously in 95% of infants within 12 to 14
months of life (52). However, in some infants, it can cause a wide spectrum of distressing symptoms,
such as cough, food refusal, irritability, regurgitation, and vomiting (53). In case of an uncomplicated
recurrent regurgitation, it is important to recognize physiological GER, which is painless and does
not affect growth.

The therapeutic management of GER is mainly based on non-pharmacological interventions (e.g.
thickened feeds, smaller feeds, and body positioning), while drugs should be prescribed only to
infants who do not benefit from conservative measures (32). However, even if most anti-reflux
medications are associated with severe adverse effects (54), widespread use of empirical therapies in
infants is still reported (55), as it has been demonstrated in our survey conducted in general
practitioners from the Mediterranean-European area (56) and in a study conducted by Barron et al.
which described that, between 1999 and 2004, the prescriptions of PPIs increased by approximately
800% (57). This approach reveals a need for harmless, efficacious symptomatic therapies in the
management of infant GER in the daily practice, to reduce the dramatic increase in PPI prescriptions.

Previous studies conducted in infants demonstrated that sodium alginate is more effective than
placebo in reducing the mean frequency and severity of vomiting (58, 59), and that, when associated
with bicarbonates, it reduces the frequency, height, and acidity of reflux, with the same efficacy as
acid suppressors, but no systemic effects (60). Since a new formulation containing magnesium
alginate was developed (Gastrotuss Baby, DMG lItalia SRL, Pomezia, Italy), we decided to perform
a randomized, open-label, controlled trial to evaluate the efficacy on a GER symptom score of 3

different treatments: 1) reassurance with lifestyle changes combined and a magnesium (Mg) alginate
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formulation plus simethicone; 2) reassurance with lifestyle changes and rice-starch thickened
formula; 3) reassurance with lifestyle changes alone.

We enrolled 75 consecutive full-term, formula-fed infants (41 boys; median age 5 months; range
1-10), affected by infant regurgitation, according to the Rome IlI criteria (61), and no evidence of
other chronic disease. Symptoms related to GER were evaluated using the Infant Gastroesophageal
Reflux Questionnaire (I-GERQ, revised) (62), a validated questionnaire based on the characteristics
of feeding, regurgitation, crying, bowel habits, stool alteration, weight gain, hiccups, respiratory
symptoms, family history of GER and allergy, and parental suspicion of GERD. In case of a score
>7, the subject was considered as affected by GER (63). Patients were then randomized to one of the
3 study groups: group A — consisting of 25 infants treated with reassurance and lifestyle changes +
Mg alginate plus simethicone; group B — consisting of 25 infants treated with reassurance and lifestyle
changes + rice-starch thickened non-hydrolysed formula; group C — consisting of 25 infants treated
with reassurance and lifestyle changes. Eighty-nine percent of the subjects completed 1 month of
treatment: patients treated with Mg alginate plus simethicone, and those treated with the thickened
formula showed a significant reduction of symptoms (P<.005 and P<.02, respectively), with 48% of
those treated with Mg alginate plus simethicone that were free of symptoms compared to 16% of
those treated with the thickened formula (P<.03). Moreover, treatment with Mg alginate plus
simethicone was more effective on GER symptoms than reassurance alone (P<.0001), while no
statistical difference was found comparing thickened formula with reassurance alone (P<.1). Eighty-
five percent of the subjects completed 2 months of treatment: all the 3 groups of patients, irrespective
of the management, showed a reduction in the symptom score. However, Mg alginate resulted more
effective in reducing the symptom scores, with a higher rate of symptom-free patients at both 4 and

8 weeks.

Our study demonstrated that Mg alginate plus simethicone was more rapid and effective,

compared to thickened formula, on all the symptoms of GER evaluated, including irritability,
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respiratory symptoms, vomiting and feeding compliance. Even if it is well known that GER is a
benign condition that resolves spontaneously within 12 to 14 months of life, a non-systemic treatment

can be prescribed to improve symptoms and reduce the distress for infants and their family.

The results of this study on the effect of magnesium alginate plus simethicone in the
management of GER in infants have been published in Journal of Pediatric Gastroenterology

and Nutrition in 2016.
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Crmicar Trials

Effect of Magnesium Alginate Plus Simethicone on
Gastroesophageal Reflux in Infants

Dario Ummarino, Erasmo Miele, Massimo Martinelli, Efena Scarpato, Felice Crocetto,
Elisa Sciorio, and Anmamaria Staiano

ABSTRACT

Oibjectives: (astroesophageal reth ((GER) 5 2 requently ocowming om-
dition in infanis capshle of cosng ddresmyg symploms. The s of our
audy s W evalusde the efficacy ol Mg algints plus sime hicons ({hstoss
Bahy, DG NMaha SREL, Pomesna, Ialy), compared with noe-stech-
thickenad fommala or wilh ressurance akne, in e tresiment of GER m
miznts.

Methodi: The presen rmdomised controlled mal was conducied m full-
e intamis affecied by smploms sugpedive of GER, svaluied throush a
valilsied questonmame (Infanl (edroemphapeal Reflux Questimmine
Revisedl. The patienis were randomired mio 3 gowps accordmy o
treaimend {group A: Mg alpime phis smelhicme; group B: thickened

formule; mowp © ressurance with st denges). Ewluston of

symplom soones was performed aller 1 month (T1 ) and 2 menihs (T2)
Results: A kidal of 64 (R 5. ) ol 75 enmolked infants (medim ge 5 manhs;
ramge 1-10) concluded the study. Aller 1 month of restment (T 1}, infank
treatedd with My 2l ginste plus samethicons showed 2 satistically = gm o
mprovernenl m symploms compared with the fhickensd formula and
rexgiurance (P <0003, <LIKH, espactvely). Al the end of the 11.|dﬁ_l,r,
all 3 gmags of patients showed 2 sqgmilicant reduction in symplom Somres
(P 00002, <03, <3, respectively). Median symplom score values
‘were mere mEmlicmi ]y reduced m group A than m group B and m group O
{goup A vs group B P 00002 proup A ve gmoug O F < G000 group B 1w
o O P (A1)

Conclusions: My al pnale plus simethicones seems o be mone ellicacious on
GER sympiom scores than ihickened Formula and resssursmce with lifesiyle
changes alone.

Key Worde slgme, gadmoeophageal rellux, infals, raswance,
amellnome, thickensd Lormmula
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astrosophageal reflux (GER) is a physiological condition

that occurs several imes per day in healthy infants, bocause
it can be promoted by a mumber of physiological factors. GER in
healthy infants, children, and aduls can carse few or no symptoms
(1.2}, In infants, the most common sympioms associated with GER
ame imritsbility, cough, anorexia/food refusal, regurgitation, and
wvomiting {(3—6). This condition ends to resslve spontaneously in
05% of infants within 12 to 14 months of life (7,8), Parens are more
likely 1o be womied when vomiting is frequent, or when the infant
crics congantly, and often sock medical help because of regular
regurgitation,

Accondfing to the guidelines of the North American and the
Euwropean Societies for Pediatric Gastroenterology, Hepatology,
and Mutrition (MASPGHAMN and ESPGHAMN), the therapeutic
management of GER can be achieved by wsing nonpharmacolo-
gical interventions such as body positioning, modification of
feeding methods, or milk thickeming, liniting dreg admi nistration
to those infants who do not benefit from conservative measures or
those with clinical complications of GER {1,2,9); however, wide-
spread wse of empincal antireflux medications in infants, both
during hospital recovery and after discharge, has been reported
(10, Maost of these drugs have been reported to cause adverse
effects (11,12},

The Amercan management guidsnce for pediatricians
sugpests the wae of algimate in physiological GER but docs not
raemrumnd the use of surface agents where there are serious

or with gastroesophageal reflux disease (GERD) com-
pllcaIlmu{Z:L however, in the lterature, there are conflicting resuls
reganding the effect of alginate on GER symptoms in infants {1,2).
Clinical studies showed that zod nm slginate significantly decreases
the mean frequency and sverity of vomiting in infants compared
with placebo (13,14). Momreover, it has been reported that sodium
alginate, associated with bicarbomates, neduces the fSequency,
height, and acidity of reflux, showing the same efficacy as acid
suppressors, with no sysemic effects (13). The addition of sodium
bicarbonate @ the farmulation contributes to the formation of a gel,
converting it into carbon dioxide, which is entrapped within the
forming fioam. [1 then floats on the gastric content and preferentially
enters the esophagus during reflux episodes | 16). Rocently, a new
formulation containing magnesium alginate has been developed
{Gastrotess Baby, DMG Ttalia SRL, Pomezia, Ttaly). Magnesium
alginate should offer the advantages of a 3-fold higher viscosty
companed with sod wm alginate {10001 &0 mPa vs 300- 700 mPa)
and reduce the sodium uptke for the patiens. Mevertheless, the
formulation has not yet been evaluated in clinical frials, either in
adults or in children.

Om the contrary, a placebo-controlled shudy with alginate in
infants showed that althoweh sympboms improved with therapy, the
oanly ohjective change on combined multichanmel intralunyinal
impedanoe/pH metry {pHMIT) evaleation was a minimal decrease
in reflux height in the esophages {17).
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Muognesium Alginate Plus Simethicone and GER in Infonts

The aim of the present mrdomized, open-label, contmlled
trial was to evaluate the efficacy of 3 different treatments {reassur-
ance with lifestyle canges and a magnesium alginate aliumimm-
free formulation plus simethicone, reassurance with lifestyle
clanges and thickened formula, and reasswrance with lifestyle
changes alone) on GER symptom score, Our secondary aim was
to evaluate the safefy and tolerability of magnesium alginate
plus sime thicone.

METHODS

The presem prospective mndomized, open-label controlled
trial was conducted from September 2012 o September 2013, in
cosecutive ful-em, formula-fed infants, ages | to 12 months,
uffected by sympinms suggestive of GER. Infans were enrolled
by & general podiatricians from the [talian National Health System.
Each pediatrician enmlled conseasive patients with infant regurgita-
tion defined acconding to the Fome IIT criteria {18). Evidence of
chronic diseases, hepatic, renal, or cardiac diseawes, metabolic or
central nervous sysem diseases, or use of acid suppressor treatment
(H;-rece pio r antagoniss or proion pump inhibitors [PPI]), thickemed
fomula, or a higory of premanrity or aopy was considered an
exclision criterion:

A validated guestionnaite (19) (Infant Gastroesophageal
Reflux Questionnaine  [FGERQ], modified) was completed at
enrollment and during the follow-up visits, The HGER() Revised
isa 35-item questionnaire hased on the characteristics of regurgita-
tion (quantity and frequency), feeding, bowel habits, crying, hic-
Cups, respiratory symptoms, weight gain, stool alteration, family
history of GER and allergy, and parental suspicion of GERD. Each
question gives a soore of 0 to | 1o give a maximum score of 35,
Patients with a sym ptomatic score =7 wene considened affected by
GER (19). The parents wene asked to oomplete the guestionnaire,

Patients with infant regurgitation defined acoording to the
Rome I criteria and with a positive symptom score were ran domly
ussigned 0 3 groups, The panents of all of the enmlled infants wene
reassurad on the henign nature of the condition and were advised to
apply lifestyle changes, pmvided by means of oral and written
instrections. In panticular, parents were explained that GER is a
functional disorder in the absence of any organic cause and wene
invited to follow modifications in feading practices (20, with a
reduction in the guantity and an increase in the frequency of the
feoding s, and to keep the infant in a supine position during sleep
(21 (zoe - Appendix, RrrpiTinks twwcom™PGAISY . In addition
to resssurance and lifestyle changes, the first growp (group A) was
treated with magnesium alginate aluminum-free formubtion plus
simethicone, at a dose of 25ml 3 times per day for infanis
weighing <5kg or SmL 3 times per day for those weighing
=5kg, to be given 10 minutes after feeding. In addition to neassur-
ance and lifesty le changes, the second group | group B) was teated
with a formula thickened with rice stanch, The amount of rice starch
in the formuls was 143 g per L0 mL of mik (14 3%) for infants
younger than 6 months and 14.2 g per 100 mL of milk {[4.2%) for
alder infants, The formula was milk-based and nonhydmolyzed. The
third group {control group—group C) was instrected to continue
with lifestyle chanpes, and parents were meassurad on the henign
nature of the condition . All of the patients were treated for® weeks.
Parenis of the patients werne counseled by one of the awthors {FC.)
hefone smring, during, and a1 the end of the study period regarding
any adverse effects of the tresments. In addition, all of the parents
wene askad to report any possible adverse effects in a daily diary.
Complisnce was sssessed by counting retumed bottles fior group A
and guestioning the parents for group B and for group C.

Each pediamrician reevaluated the enmled infants after
4 weeks (T1) and afier & weeks (T2) of reament. Patients with

wWw. jpgn.org

a symptom scone <7 poinis in the guestionnaine wem considerad
clinically free of symptoms. The dinician who evaluated the
guestionnaine results st enrollment and at die follow-up visits
was hlind to the infants’ treatments. Excellent compliance was
defined as no violation of the protocol with respect to he sindy
treamments, None of the patients underwent invasive evaluations
such as MII and upper endoscopy. The manufacturer had no mle in
the conception, design, or comduct of the study, or in the analy sis or
interpretation of the data. The study proposal was approved by the
ethics committée of the Univemity of Maples “Federico IL
Informed consent was obtained at enrollment from the parents of
all of the enrolled infants,

Statistical Analysis

Statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS 21 .0, IBM SPSS Statistics, Amaonk,
NY) The required sample size {75 infants) was cakulated ot a
2-tailed sig nificance level of 5% and with a power of B0% to detect a
A% decrease in sympiom soome, A randomization list was gener-
ated using Microsoft Excel |10, The mndomization list was hased
on the random exraction of numbers {1-75) in the 3 gmups.
Variahles were screened for their distribution, and appropriate
pammeric or ponparameric tests were adopted as reguined. The
Stusdent 1 test, Mann-Whimey [F test, and analysis of vafance were
used for non-pormally distribuied varishles, whereas );2 and Fisher
exact st wene usad for categorical variables where appropriate. A
value of P < (.05 was considerad statistically significant.

RESULTS

A total of 75 consecutive infants (boys/girs 41534, median
age 5 months; range 1 — 1 0) with symptoms suggestive of GER. were
enmlled in the stady. According to the randomization list,
25 patients were treatod with Mg alginate plus simethicone (group
A), 25 infants werne treated with thickened formula {group H), and
25 patients were enrolled in reassurance with lifestyle changes
{group ).

Demographic data at enmollment are shown in Table 1.
Symptom zcore was not statistically different between the 3 groups
atenrollment (£ < (.2) (Table ). In our population, we found that
all of the patients {100%:) showed regurgitation and vomiting with
different grades (Table 1), whereas 25 of 75 patiemiz (333%)
showed mild respiratory symptoms, such as coughing, hoarseness,
hicosps, and stridor {Table 1),

During fhe treatment, 11 of 73 infants {14.6%) dropped out of
the sudy. A flow diagram showing the progress of infants through
the sdy with the corresponding reason for dropping out is pre-
sented in Figure 1.

A total of 67 of 75 patients | 89.3%) completed 1 month of
treatment. Patients treated with Mg alginate phlis simethicons
{proup A) and those treated with the thickened formula (group
B} showed a significant reducion of symptoms (P < 0,005, <003,
respectively), whemeas the median symptom score in group C
decreased with a trend towand statistical significance (P < 0.07)
(Fig. 2). Atotalof 12 of 25 patien® (48% ) treated with Mg alginate
plus simethicone were froe of symptoms compared with 4 of
25 patients { 16%) treated with the thickemed formula (P < 0.03}).
MNone of the patients in group C showed a negative symptom score
after 4 weeks of treatment. At T (after 4 weeks), Mg alginate plus
simethicone was more effective on GER sympioms than reassur-
amce (P<0.0001), whereas o satistical difforence was found
when we compared the thickened formula with the reassumnce
alone {F<0.1). Afier 4 weeks, patients tneated with Mg alginate
plus simethicone showed a median symptom scome not significantly
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TABLE 1. Demographic data, symptom scores, and frequencies of spedfic symptoms in the 3 groups of infants with GER, according to the
treatment {group A: Mg alginate; group B: thickened fomuda; group C: reassurance alone], at the enrcliment and at the follow-up

T Tl T2
A, i, o, A, i, ot A, H, c,
Ciroap N=25 N=25 M=25 f o M=25 N=25 N=17 ' i N=2M N=21 N=17 I
Beys, % M55 145k 1354y 1 1458 14 (56§ B(47y 08 14(583) 13{545 H{7 037
Age, mo {range) S{1-10) 52-10) S52-1) 03 e2-11) &(3-11) & {(2-10) 05 Ti3-12) B {4-12) T{4-11) 04

Symplom soore, median 15 (B—24) 13 (8-19) 13(7-19) 02 7T{1-20H 1 {5-16) 12 (7-14) 02 1{0-19 5{0-15) K214 M

frange)
Esaphapeal sympioms

Regrgilation amd 25 (100y 25 (MWR 25100 1 21 {R4) {100y 17 {10y D03 &{15 13 {565 15(ERZ) .00
vonmhng, e
Projectile voamitng, % 14 (56) 14 (58) Tk (4l 03 10 {4 10 (AW I(176) 02 2(8.3) 6 (26.1) 2{11.7) 02
Vomiting with pam, %% 10 (&) 12 {48) 11 {44) 08 2(8) T {28} I(176) 02 a 4 {17.4) 159 01
Extraemphapeal s yomioms
Cough, % T {28) 6 (M) T{28) 08 4{la) 4 (16) 2(11.7) 09 LU 2 {(B.7) 2(11.7) 03
Hosrieness, % 3 {12) 3{12) 312} 1 1id) 144} 2{1.7) 05 1{4.2} 1 {43} 2{11.7) 05
Stricho, Y 5 (20) 4 {1a) Iq{12) 8 3{12) 3{12) ey 08 1{(42) 1{4.3) 3{17ha) 02
Hiocugs, % 17 {64) 17 (68) 15 (ail) 08 13(52) 14 {56) 6 (35.3) 04 S{208) T34 6 (353) 05

" The percentages were evaluated scoording i the dropowt of the patienis

| Aanasnd for el ghilty in = 7S]

Swnclischs in =0
OO ok ey it o et i = 0
% O Decine o paficipate|n =0)

O Othar seaeors i = 00
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3 ¥ -
Hiocama b irberasdo in = 251 Alcmed D [FErmeion jn = 55) Alleated B inSeaetion | = 25)
O Py aliceabied IrfacvarBon{ri=25 | O Foaaatitamed 2l coahiad (rbarametion i = 25 O] Pl v el cciabine | iy wanlices, i = 255
01 D it Pl i ioabeed inbavaetion (Ri= 0 ) 01 D ok ez ol indaemaedion dn = 0] O] il ok ol el imcimited Frtaarion i =)

Lot b fodowop fdangs reabmaed) =8
Zirfard atriad PP gy

1imfant s e Bastrobus s ey haapy
Sirfants condacheda cFemnt pasclar Cian das
BT el S O SRR

3 L
Hralymed {7 = 25) Arghysed|mi= 25) | Fradraed im= 1T

w ¥ L
Aralyhnd in o= 24 Argiymmd|n= E5) | Aradyasd ini=1T)

Lo Sodow up ioharg iraatmed] §n = 1 Lice £ Sl P joPanpe iadmand] jn o= 2
Irfart statad PR Saapy) 1 IFfant daste Bastotsas. Babyd oy
1 Irfant dasmed PRI hanapy

AGURE 1. Fow diagram of the patients according to the treatment {Consolidated Standards of Reporting Trials [CONSORT] fliow diagram).
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FAGURE 2. Median and dist ribution of the sym ptom scones according to the treatment at enroliment and the follow -ups . Symnptonm scone was not
statistically different between the 3 groups at enroliment (P < 0.2). At the end of the study, all of the 3 groups of patients showed a significant
redwction in symptomiscores (P 0.002, <0038, <0.03, respectively). Median symptom scoreval ues were moresignificantly reduced in group A

than in group B and in group C {group A vs group B P« 0.002; group Avs group © P< 0.0001; group B v group C P 0.001).

different from that shown by patients treated with the thickened
formula {7, 1-20 vs 10, 5-16 [median, range, respectively];
F=0.1) {Table 1, Fig. 2.

A total of 64 of 75 patients (85.3%) completed 2 months of
treatment. At the end of the treatment period, 3 groups of patients,
imespective of the management, showed a reduction of symptom
score (P < 0002, <0038, <003, respectively) (Fig. 2). A total of
20 of 24 infants (83.3%) treated with Mg alginate were free of
symptoms compared with 15 of 23 patients {65.2%) treated with the
thickened formula (P < 0.2). Two of 17 patients {11.76%) treated
with parents” reassurance and lifestyle changes were free of symp-
toms. Both Mg alginate plus simethicone and thickened formula—
treabed infants showed a significant reduction in symptom scone if
comparad with patients treated with reassurance (P < 000001,
<00 1, respectively). Inaddiion, patients treated with Mg alginate
plus simethicone showed a median symptomatic score lower than
that of patients treated with the thickened formula (1, 0-19 v 5,
0—15 [median, range, respectively];, P < 0.02) (Table 1; Fig. 2).

Mo severe adverse effecs were recorded for any of the 3
different treatments. One patient treated with Mg alginate plus
simethicone presented with constipation. Compliance with the
study reatments and control was 96% in group A, 92% in group
B, and 68% in group C. Mone of the patients enmolled in group B
changed the prescribed milk-hased formula.

DISCUSSION

Our study shows that Mg alginate plus simethicone signifi-
cantly improved symptom score after & weeks of treatment in
infants with GER. The efficacy of the treatment was evident on
all of the evaluated symptoms, including respimtory symptoms,
hiccups, imritability, projective vomiting, and feeding compliance.

In some patients, GER can cause a wide spectrum of
symptoms, which can stress the infants and their parents. In an
infant with uncomplicated recu ment regurgitation, it may be import-
ant to recognize physiological GER, which is effortless, painless,
and noit affecting growth. In some patients, this condition can result
inan inappropriate wse of acid auppressive therapy (2-22). Bamon
et al reported a significant increase in PPl prescription in infancy,
without any increase in GERD diagnosiz, Between 1999 and 2004,
the number of prescriptions increased by approximately 80006 (23],
In this situation, pediatricians should focuws on minimal testing
amd conservative management. The last published NASPGHAN

WWW. DG norg

ESPGHAN repont recommends that GER should be treated with

nonpharmacological interventions such as body positioning, modi-
fication of fecding methods, or milk thickening {1); however,
recently (uitadamo et al clearly showed that the NASPGHAN
ESPGHAM guidelines are poorly adhered to by Eunopean general
pediatricians {24). In detail, only 1.8% of them showed complete
compliance with the guidelines, with 39% of gencral pediatricians
prescribing PPIs in infants with unexplained crying and'or dis-
tressed behavior and 36% of them prescribing PPIs in infants with
uncomplicated recurrent regurgitation and vomiting . These findings
confirm the difficultiecs with operating solely within the abowve
guidelines in day-to-day practice, highlighting the need for harm-
less, efficacious symptomatic therapics in the manage ment of infant
GER. Indeod, an additional aim of our study was to sugges an
efficacious treatment for symptoms suggestive of GER in infants,
without a systemic effect, to reduce the dramatic increase in FPI
prescriptions, Our data suggest that Mg alginate plus simethicone
could be a valwable and hammless option to be wsed in those patients
in whom conservative therapies have failed. In addition, despite
little difference in terms of cost, Mg alginate plus simethicone
certainly has asignificantly lower incidence of adverse effects when
compared with PPls.

Reganding lifestyle changes, mild sympioms of reflux with-
out complications are often well managed with modification in
nutrition, feeding practices, and positioning. Large-volume foods
can promote regurgitation in infants because of gastric distention
and increased transient lower esophageal sphincter relaxation {217
however, resricting volume can result in an insufficient encrgy
intake. Thus, increasing the caloric conent of feeds while decreas-
ing the iotal volume of feeds can relieve GER (1,25). Aliematively,
adding rice cereal, starch, or carob bean gum, or other thickening
agents, i the formula can decrease the amount of regurgitation. At
present, thickened feeds are increasingly being used to treat infants
with GER/GERD driven to a large exctent by the baby food industry
{21,25). Onthe contrary, in the literatune, it has boen demonstrated
that thickenod formulas increase the caloric intake and may pre-
dizpose infants for later obesity (26).

Alginae-based mft-forming formulations have been mar-
keted worldwide for >3 0 years under various brand names. Several
studies evaluated the mle and the importance of alginaie in the
treament of GER; however, the efficacy of alginate has not been
adequately sudied in pediatric populations, and the use of alginate
in the treatment of severe sy mptoms of (GERD or esp phagitis is not
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recommended {2). This consdderation is bocause of the controver-
sial resuls of the effect of alginate in variows pediafric shadies.

Several shudies evalwated the cffects of alginate on the
chamcteristics of eflux in infarts through objective instrumental
evaluation, such as pH metry or pH/MIL, and the effect on symp-
toms reported by the parents. It has been reported that alginate is
superiar to placebo in neducing the frequency and quantity of reflux
and symptoms (13-13).

Tncontrast, Del Buono ot al did not find any difference in acid
GER indice=s betwoen an alginate formula and placebo, except for
the lower esophageal peaks reached by the reflxate. This result
could be influenced with the use of powder formulstions not
conmining hicarbonate (17). In another study, Corvaglia et al
evaluated the effect of alginae in preiemm infants. They concluded
that the effect of alginate was most evident on acid reflux and on
total acid exposure, whereas alginate had no effect on monacid
reflux {27). In the literatere, it is clear that the addition of sodium
hicarbomate improves the capacity of the formulation to precipitate
in gel form and reduce gastric content flow,

In owr study, Mg alginate phs simethicone, thiccened
formula, and reassurance with lifestyle changes demonstrated
efficacy on GER sympoms; however, Mg alginate was shown to
be more efficacious in meducing symptom scores with a higher
memher of patients free of symptoms at both 4 and & woeks. The
formulation of magnesium alginate wsed in the present study also
contine simethicone, We spoculat that, as previously reported
{28), this component may contribute toward improving gastric
distension with a synergistic reduction of transient lower esopha-
peal sphincter relaxation,

In the present smdy, we ako studied the adverse effects and
patient acceptance o fthe diffcrent treatments. Both Mg alginaie and
thickened formula were not asociated with significant clinical
adverse effects. Adult sudies demonstrated that sodium alginate
can cause clketrolyte disorders {29), whereas in pediatric popu-
latioms it has been demonstrated that precipitation of alginate inthe
stomach can form a bezear, msponsible for a possible increase in
reflux Fequency (30-32).

The limitations of our stedy inchedea relatively high dropsmet
rate, because of refusal of medication and loss to follow-up
maonitoning . Althowgh the dropout mte may have partially influ-
enced the sign ficance of our result, these data onee mone wded ine
the poor compliance with conservative treatments, such as reassur-
ance and lifestyle changes, Another limitation is that we did not
evaluate the characteristics of the meflux with an ohjoctive diag-
nostic test, such as pH/MIL

In conclusion, magnesium alginate was shown to be maone
rapid amd more effective on all of the GER sympiom scones
compared with thickenod formula. It is well defined that physio-
logical GER has a tendency to mesolve spontanecusly inm 95% of
patients within 12 ®© 14 months of life {7,8). Nevenheless, a
nonsystemic weatment can be used to improve symptoms that
are distnessing for infants and their family, o minimize the impact
of spontaneows evolution. Mg algpinate has been demonstrated to be
mane effec ive on symptoms with no systemic mode of action and to
havea favorshle safety profile. Further well-designed stsdies on the
cffect of magnesium alginate on the characteristics of reflux
are nocded.
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Chapter 5

- Conclusive Remarks —

Our studies have confirmed that FGIDs are extremely frequent conditions and that their
frequency increases with age. The most frequent disorders in children and adolescents are functional
constipation, irritable bowel syndrome, abdominal migraine, and aerophagia. In addition, we have
found differences in the prevalence of various FGIDs among different countries of the Mediterranean-
European area. These findings suggest a role of environmental, genetic, and dietetic factors in the
pathogenesis of FGIDs. Further studies are needed to evaluate the impact of these factors on the
onset of FGIDs, in order to allow the development of new therapeutic strategies.

Moreover, we have demonstrated that, in spite of the availability of the Rome criteria and of
clinical practice guidelines endorsed by scientific societies, there is still a wide variability in the
diagnostic approach to FGIDs, with most of the paediatricians still insisting on the exclusion of other
conditions when managing subjects with FGIDs, with significant impact on healthcare costs and
patients’ well-being.

Educational efforts are required to ensure a ‘‘positive’’, symptom-based approach to
functional disorders, avoiding inappropriate use of healthcare resources and excessive treatment of

overall benign conditions
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Cerebral palsy (CF) k assodated with the presence of feeding disorders in almost &% of the
affected children with subsequent undemutrition reported in up to 46% of the subjects.
Simce undemutrition may have a detrimental impact on physical and cognitive development, the
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introduction of an adequate nutritional support should always be considered in children with

neurological impaimient. The aim of the present review bk to provide a practical guide to the
assessment of nutritional status in children with P, in order to kdentify individuals at risk for mal-
nutrition that need the introduction of an adequate and personalized nutritional support. This
review summarizes the methods for the avaluation of aralmator function, anthropometric param-
eters, body composition and energy balance in children with CP. Moreover, we reviewed the indi-
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cations for the introduction of nutritional support, and the suggested modalities of intervention.

Imtroduction

Cercbral palsy (CF) is the most common disability
during childhood, with a prevalence of approximately
1-35 @mses per 1000 live births, and a peak up to 65
per 1000 live births particularly in prematures weigh-
ing < 1500g at birth (Winter o al. 2002). The avail-
ability of neonatal intemsive care units and high-
technology diagnostic and therapeutic procedures led
to an increased survival rate of premature and term
infants with neurclogical impairment and to an
improvement of the life expectancy of these children.
According to data from the "North Amerian Growth
in Cerebral Palsy Project” 58% of the children with
maoderate to severe CP had feeding problems, that in
13 of the cases were of severe grade (Fung et al
2002). Feeding disorders play a key role in the onset
of undernutrition, documented in 29-46% of CP chil-
dren with a prevalence that inoeases among children
with older age, lower intelligence quotients and more
severe neurological  impairment  (Marchand et al.
2006). A relevant part of the abnormal growth and
body composition in children with CP is directly
related to poor nutritional status, independent of
potential confounders such as age, gender, disease

severity, pubertal status and mid-parental height
(Stallings et al. 1995). Considering the detrimental
effect of undernutrition on physical and cognitive
devdopment, monitoring of nutritional stats in chil-
dren with neurologiml impairment is mandatory.
An adequate nutritional support promotes weight gain
and improves linear growth, globally enhances quality
aof life of the child and of the aregivers, and reduces
the frequency of hospitalization. This review aims to
provide a practical guide to the nutritional approach
to children with CP, foausing on the assessment of
ora-motor function, anthropometric parameters, body
oomposition and energy balance, and on the indica-
tions for the introduction of nutritional support.

Clinical and feeding history

As in children without neurological impairment, the
evaluation of patients with CF should start with a
areul review of the clinical history. Special attention
should be paid to the activity level, to the presence of
oomaorbidities (e.g. gastrointestinal (GI)  disorders,
respiratory issues, contractures, scoliosis), and to the
use of medications that can affect the nuotritional
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status (eg. antiepileptic drugs). Then the clinician
should focus on the review of feeding history taking
into account that the families broadly consider feeding
as a time of nurture. In this phase, it is important to
identify: (a) the caregivers involved in the feeding of
the child, in all the different settings (e.g. at home or
at school); (b) the timing and duration of the meals,
and the technique and positioning during feeds (eg.
in a wheechair); (c} the preferred foods and textures
of the child; (d) the parental concerns regarding the
safety of the feeding and the evidence of an unsafe
swallowing (cg choking and coughingl: (e) if any
therapeutic intervention has already been tried, the
evaluation of its impact on the child’s nutritional sta-
tus and growth (Samson-Fang & Bdl 2013; Rempd
2015).

Oral-motor dysfunction

Due to the presence of feeding difficulties, the total
food consumption in children with CP may be
reduced. It has been demonstrated that poorer gross
motor function is associated with increased difficolty
with food/fluid textures, and that energy intake (EI)
and texture of feeds differ markedly between different
levels of functional abilities (Benfer et al. 2015). In
fact, children with more severe oropharyngeal dyspha-
gia (OFD) tend to consume a lower proportion of
chewable foods and more fluids. The presence of OPD
can be associated with problems in any or all the
phases of swallowing. It is important to collect specific
information from the parents to identify the “red
flags” suggesting the presence of feeding/swalowing
disorders, such as: (a) freding time longer than
30minutes, on a regular basis; (b} stressful mealtimes
to the child or the @regiver; (c) lack of weight gain
for 2-3 months, especially in the first 2 years of life;
(d) history of respiratory illnesses, aspiration pneumao-
nia, increased congestion at meal times, pharyngeal or
laryngeal problems; andfor (e} gurgly voice quality
(Arvedson 2013). Moreover, important additional
information can be obtained performing a clinical
ohservation during mealtime, to directly evaluate the
presence of aspiration, the oral-motor skills, and the
interaction between the child and the @regiver. In
addition, in order to perform a complete oral sensori-
motor and mealtime assessment, the clinidan may
benefit from the use of standardized scales to evaluate
the presence of OPD. Unfortunately, according to a
recent systematic review on objective measures of
OFD in children with CP, a single instrument that
allows a global evaluation of OFPD in the dinical set-
ting is currently unavailable. To date, the Schedule for

Cral Motor Assessment (SOMA) and the Dysphagia
Disorders Survey (DDS) are the tools with the stron-
gest utility to support clinical decision-making, allow-
ing to differentiate children with significant QFD
from those with normal skills. Specifically, the SOMA
is mainly a test of oral phase dysfundion and is
intended for use in children with non-organic failure
to thrive and CP aged between 10 and 42 months,
while the DDS evaluates oral, pharyngeal and esopha-
gral phase and is designed for children with develop-
mental disabilities between 3 and 13 years of age.
However, the need of a specific training certifiate to
use the DD may limit its use in some settings
(Benfer et al. 2012).

If the presence of a swallowing disorder is sus-
pected, the child should be subjected to further inves-
tigation, such as an instrumental evaluation of
swallowing through videofluoroscopic swallow studies.

Assessmemt of growth
Anthropom etric measurement

Assessing anthropometric parameters is a oudal pro-
cedure in pediatric dinial evaluation. MNevertheless,
these measurements are not always easy to perform in
children with disabilities. Whenever possible, weight
measurement should be obtained on a digital sale.
Infants must be weighed naked, while older children
@n wear thin clothes. If the child is unable to stand,
the use of a wheel chair scale is advisable, and pro-
ceeding by weight subtracion (Samson-Fang & Bell
2013). Assessment of height in children with CP is
maore challenging. In children younger than 2 years of
age or in older children unable to stand, recumbent
length should be obtained. When a standing height
annot be obtained beause of the presence of scoli-
osis, contracture or inability to stand, segmental meas-
ures @n be used to estimate height. In fact, Stevenson
demonstrated that knee height (KH) and tibia length
(TL) provide reliable alternatives to recumbent length
in non-ambulatory children with CP, and developed
specific equations to estimate stature in children with
CP (Stevenson 1995). Tibia length corresponds to the
distance between the supero-medial edge of the tibia
and the inferior edge of the medial-malleolus, meas-
ured using a flexible tape. Enee height should be
measured using a sliding @liper, with the knee and
ankle of the child each bent to a 90° angle; KH corre-
sponds to the distance between the hed and the anter-
ior surface of the thigh, over the femoral condyles.
The equations developed by Stevenson can only be
applied to subjects aged less than 12 years, while in
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Table 1. Eguation for estimation of stature wsing segmental measures Modified from Samson-Fang and
Bell (2013).

Mge 0-11 year - chillden with CP

Segmenta messare Equation o esfimate statuee {5 {am) SE of sstimate om)

Tikal ength {TL) =33 =« T+ 308 17
Enes hegit M) F={269 « WH) + 242 1.4

Age 12-18 year — typically develaping children, waldated in & small group of children with &

e and gender Equation to estimate stture (5] jom) SE of estimate {an)
Wihite makes S= {220 x MH) + 4054 4
Black maes F={218 = ¥H) + 3956 458
White females F={215 = M) +431 390
Black fermnales B 200 x M) + 4659 439

E standiard &

older children stature can be estimated using equa-
tions developed by Chumlea et al. (1994) derived in
typi@lly developing children and validated in a small
group of patients with CP (Table 1).

Disease specific growth charts

Considering that growth patterns of CP children may
be notably different from those of typially developing
children, and that growth in this subset of patients is
influenced by fundional severity and feeding ability, it
is advisable not to compare their anthropometric
parameters to standard growth dharts. For this reason,
Brooks et al. (2011) developed CP-specific growth
charts stratified by functional ability defined according
to the Gross Motor Fundion Classification System
(GMFCS). Since tube feeding may affect growth,
GMEFCS levd W charts are different if the child is
orally or tube-fed. In addition, Brooks et al. identified
the low-weight threshold assodated with inoeased
morbidity and mortality, highlighting that this low-
weight percentile is lower for GMFCS levels [ to II
(5th centile), compared to that of GMFCS levels III to
WV (20th centile). The complete set of CP-specific
growth charts is available at wwwlifesxpectancy org
articles/newgrowthcharts shtml.

Body composition

The evaluation of body composition is essential to
objectively assess the nutritional status and the
dynamics of fat and lean tissue mass in children with
CP. However, the estimation of body composition in
these children is not straightforward. As already dis-
cussed, anthropometric measurements, such as weight,
height and body mass index (BMI) of children with
CP should not be compared to conventional standards
for typiclly developing children. Moreover, it has
been widely demonstrated that BMI has only a moder-
ate oorrelation with body fat percentage (BF%) in
ambulatory individuals with CF (Euperminc et al

H010; Oetfinger et al. 2014). This is likely related to
abnormalities in body composition frequently present
in children with CP, such as increased total body
water, severely depleted fat stores and decreased bone
density (Stallings et al. 1995). The estimation of body
composition in children @n be obtained wsing a wide
variety of techniques, with differences in feasibility,
accuracy, and costs. The reference method for the
evalation of body composition in CP patients is dual-
energy X-ray absorptiometry (DXA). Nevertheless,
DXA assessments are not always easy to perform doe
to requirement of spedalized equipment, and high
costs. Simpler and less expensive methods to estimate
body composition are skinfold thideness (SFT) meas-
urements and bioelectric impedance analysis (BLA). As
suggested by Samson-Fang and Stevenson (2000), tri-
ceps SFT measurement may represent a fairly sensitive
and specific predictor of malnutrition. The routine
measurement of triceps SFT is recommended in all
subjects with CF, and in those with a value =<10th
centile for age as measured on standard charts (WHO
X16), it is adwisable to perform a maore accurate
evaluation of nutritional status. The simplest and most
reliable way to estimate BF% in these patients is
through the use of two SFT measurements, in the
modified Slanghter's equations devdoped by Gurka
(Slaughter et al. 1988; Gurka et al. 2010) which are
specific for CP-patients (Table 2). In fact, BMI and
SFT alone do not provide a reliable calalation of
BFY%, while there is a good correlation between DX A-
measured BF% and the estimations obtained using
CP-specific Gurka's equations (Finbriten et al. 2015).
It is important to highlight that compared to normally
devdoping children those with severe CP (GMFCS
[V-¥) may have more intra-abdominal fat rather than
subcutaneous fat. For this reason, BIA could perform
better than SFT, in the estimation of BFY% beause it
estimates body composition regardless of the fat local-
ization (Ricken et al. 2011). In summary, in children
with CP it may be advisable to routindy evalate
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Table 2. Prediction of body fat: onginal Slaughter equations and comections for children with cerebral palsy.

Maodified from Gurka et al (20M0). Mac Keith Press 20090,

Pagulstion

Oiginal Shughter equation

Sum of skinfolds {Fiesps, subscapula) < 35mm
Males
Prepubsscent (Tamnmer stage 1-2) whie
Frepubescent (Tanner stage 1-2) blad
Pubsscent (Tammer stage 3) white
Pubsscent (Tarmer stage 3) blsck
Postpubescent (Tanner stage 4-5) white
Postpubescent (Tanner stage 4-5) black
Females (sl
Sum of siinfolds {wieps, subscapula) > 35mm
Males (sll)
Females (sl

% Body ft=1.21 (¥i+ subj — LOD8 s + sbl—1.7
% Body Gt =121 (¥i+subj — 0LOD8 i + sub )l —3.2
% Body Gt =121 ¥+ wubj — QU008 #e 4 sb) 314
% Body Gt =121 [¥i+subj — 0008 #s 4 sbF 52
% Body ft =121 ¥+ subj — OGS #s + sbF—55
% Body =121 (¥ sub) — 0008 j1d +abf 68
% Body fat=133 |¥i+subj] — 0013 fs + sl —25

% Body 1= (0783 (¥i+ b + 18
% Body 1= 0545 (¥ bl +97

(e mbral-Pabiy-s pecific comedions to Slsughter-estimated percentage body fat®

Owerdll commction
Ad difonal momecon for
Males
GMPCS leweks 0, IV, W
Black mace
Pubrescent
Porstpu bescent
Fum {wiceps, s ubscpula) > 35mm

+122

—50
+51
-1
+20
]
-3

TR + SR triceps skinfold + subscapulsr sbinfold; GMRCE: Gros Motor Funcion Qassification System.
“irestrucons shaays ald 122 1o the Slaughter-estimated % body Et. Then, if the indhidual falls into ane or moe of the sdditonal ctego-

ries, add that respective comedion as well

triceps SFT, and if possible, to perform a BIA evalu-
ation in order to obtain a reliable estimation of BF to
individualize the nutritional intervention.

Energy balance assessment
Energy expenditure

After assessing body composition, the specific caloric
requirements and intakes of dhildren with CP may be
calculated, based on a reliable estimate of energy
expenditure. Stallings et al. (1996) directly evaluated
resting energy expenditure (REE) and total energy
expenditure (TEE) in children with spastic quadriple-
gic cerebral palsy (SQCF) and healthy controls, show-
ing that energy needs of children with SOCP are
reduced in all the energy compartments (total, phys-
ical activity and resting). Several predicting equations
have been developed to estimate REE and basal meta-
bolic rate (BMR), in healthy infants and children.
Nevertheless, as for the anthropometric parameters,
these equations based on weight, height, age (some-
times) and sex, targeted to normally deveoping chil-
dren (Table 3), tend to overestimate energy
expenditure in children with CFP (Ricken et al. 2011).
Azoue et al. (1996) demonstrated that in children with
SQCP, measured REE is lower than the REE predicted
using the equations developed for healthy populations.
For this reason, whenever possible and according to
the availability of the required equipment in the pedi-
atric service where the patient is evaluated, in CP chil-
dren, individual energy expenditure should be directly

measured (mainly through indirect calorimetry) to
prevent errors in the estimation of energy expenditure
and then requirements.

Energy intakes

Considering Els, the available methods to estimate
food intakes in children with CP are the 3-day or 7-
day estimated food diary, and the 3-day weighed food
diary. All the food records tend to be 2 burden on
families, especially if the food needs to be weighed
and reweighed, before and after the meal (eg. in the
3-day weighed food diary) or if the number of
recorded days is increased (eg. in the 7-day estimated
food record) (Walker et al. 2011), taking into account
the practical difficulties arising with the basic discase
af the child. Moreover, it has been described that the
estimated food diaries can be inaccurate to evaliate
the exact intakes in CF children, since the caregivers
tend to overestimate the child’s intakes and to under-
estimate the spillage of food, in agreement with ohser-
vations even in healthy subjects. Walker ot al. (2013)
have recently validated in preschool aged children
with CP a modified 3-day weighed food diary by com-
paring the reported El to the measured TEE evaliated
via doubly labeled water. In the modified version of
the food diary, the parents are required to record all
the foods and fluids offered reporting also the left-
overs and spills (including vomiting and regurgita-
tion), to include the brand names of foods, and to
provide details on cooking method. An alternative to
the 3-day weighed diary is represented by the 24-hour
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Table 3. Equations for caloulating REE and BMR (kcaldiel i
infants and children.

Soume Gender Eepuation
Infants from O to ¥ years
Schofield (W) Malle BMIA <5948 « W - 3033
Fermale BMIR =58 19« W - 3105
Scholield (WH) Ml BMIR —0 167 = Wt +1517.4 < Mt - 8176
Fermale BMIR =1625 = Wt 10032« M - 4135
Children from ¥ to 10 years
Schalield (W) Male BMIR =227 =Wt +505
Fermale BMVIA =203 = W 485
Schofield (WH) Male BMIR —1906 = Wt +1303 x M 4142
Fermale BMIR =1697 = Wt +1618 < Mt 13712
Children from 10 to 18 years
Schalield (W) Male BMIR =134 =Wt 523
Fermale BMIR =177 =Wt +&52
Schofield (WH) Malle BMIR <1625 = Wt +137_2 = Mt +5155
Fermale BMIA =8 365 Wt 465 = Ht +200
Al g es
Harsis— Benedia Male REE =55 47 + 1375 = W +50 =
Ht — 676 = age
Fermale REE —G5510 + 9.56 = Wt +185 =
Ht — 458 = age

REE resting energy expendituss; BMR: basal meatabalic rate W- weight
Wit weght and height; Wi body weight in klograme Hi- length in
msters.

recall of dietary intakes. It has been demonstrated that
the 24-hour record accurately reflects EI on a group
basis, compared to the measurement of TEE using dou-
bly-labeled water. MNevertheless, its reiability is reduced
for individual measurements (Johnson et al. 1996), and
it is not validated for use in children with CP. For this
reason, the use of the 24-hour recall should be consid-
ered only if an assessment via a 3-d weighed diary is
not possible. Alternatively, three 24-hour recalls can be
performed on alternate days, inclusive of one week-end
day, or a 3-day weighed diary should be performed
together with a 24-hour recall, to decrease the unavoid-
able methodological impredsion.

In condusion, if the regivers are adequately
trained, the 3-day weighed food diary seems to pro-
vide the most accurate measure of the El in children
with CP, thus representing a reliable tool for the use
in clinical practice.

Nutritional intervention

A personalized nutritional intervention should take
into account the childs global nutriional status, the
feeding abilities, and the estimated energy reguire-
ments. The indications of the North American Society
for Pediatric Gastroenterology, Hepatology, and
Mutrition (Marchand et al 2006) to start a nutriional
intervention in neurclogicaly impaired children are
summarized in Table 4.

Acoording to Rempel (2015), the targets of the
nutritional intervention should be aimed at obtaining:
(a) a weight =20th centile on disease specific growth
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Table 4. Indications to start a nutriional interention in
neurclogically impaired children (according to the North
Amernican Society for Pediatric Gastroenterclegy, Hepatology
and Mutrition).

Eridence of ord motor feeding diffioulties

Uncbermurition (/H < B0% expected, BMI <5th centik)
Growth failuse (MR <90% sxpecied)

Chvermeight [BMI = 35th centile]

inclrvichu sl nutfen deficen: e

Wikt wsight-for-height; BME bacy mass index: HiA: height-for-me.

charts; (b) a weight gain velocity of 4-7g per day in
children older than 1 year; (c) 2 protein and mioconu-
trient intake similar to the requirements of age-
matched peers, with a caldum and vitamin D intake
that meets the age-appropriate requirements; and (d) a
triceps SFT between 10 and 25th centile for age.

Oral nutriton

Oral nutriion can be maintained in children without
oral-motor impairment and with a Jow risk of aspir-
ation. The oral nutrition rehabilitation program
should abways be established with the assistance of a
speech therapist and aims to increase the caloric and
nutrient intake of the child, and to improve the
physiological digestive processes. The most widely
used interventions are positioning therapy, to ensure a
oorrect posiion and support of the head during the
meals including the use of appropriate chairs and
utensils, the inoeasing in the caloric density of meals,
and the adjustment of the textures of foods/liquids by
modifying consistency and viscosity to suit the child's
needs. The adjustment of the textures of foods fids
is 2 common experience in the treatment of children
with CP. In a recent study conducted on 99 children
with CP aged between 18 and 36 months, Benfer et al.
(2015) found that 39% of the children assumed diets
modified in texture, with percentages increasing with
the decline of gross motor function, up to values of
78% in children with GMFCS IV-V. A positive effect
of positioning therapy on feeding safety and efficiency
has been demonstrated, but no randomized controlled
trials are available Moreover, only mited evidence is
available regarding the effects of texture modification
(Arvedson 2013), leading us to conclude that the oor-
rent level of evidence regarding the real benefits of
feeding and swallowing interventions is poor.

Enteral nutrition

According to the recommendations from the
European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition, the introdocion of enteral
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nutrition should be considered if (a) oral intake is
insufficient to meet =>60-80% of individual require-
ments; (b) total feeding time takes place =4 to
6h/day; (c) there is evidence of inadequate growth or
weight gain; (d) there is a fall or a decrease in height
velocity; (e} triceps skinfold is consistently <5th per-
centile for age (Braegger et al. 2010). In addition,
enteral nutrition should be considered in case of
severe chewing and swallowing dysfunction, or in cse
of aspiration during feeding. The type of enteral access
depends on the dinical status and on the estimated
duration of enteral feedings. In fact, nasogastric tubes
are less invasive but should be used only in case of
short-term nutritional support, since they may be eas-
ily displaced, or may determine nasal congestion,
sinusitis and ofitis media Therefore, a gastrostomy
tube or “button” is advisable in case of long-term
enteral nutrition because it is less easily displaced and
is more comfortable for the child. As for the way of
administration, bolus feedings should always be pre-
ferred in the absence of gastro-esophageal reflux or
delayed gastric emptying (GE), sinae they are more
physiological and consistent with a diffuse stimulation
of the endocrine and secretive functions of the GI
tract. On the contrary, continuwous infusions may be
required in children who do not tolerate bolus feeds.
In case of the need to administer large volumes, bolus
feeds can be associated with continuous infusions of
formula during the night (Marchand et al. 2006).

The dedsion process that accompanies the place-
ment of a gastrostomy tube is usually complex A
recent systematic review on family experience with
feeding tubes highlighted that even if parents report
positive effects of gastrostomy tubes (eg weight gain,
child happiness), they also point out several downsides
(eg. increased care needs, increased stress for the
parents). For this reason, discussion between the care-
givers and the healthcare providers is crucial to under-
stand the family setting, to devdop adaptive strategices
to support the family in @se of any challenges, and to
optimize the dedsion-making process (Melson et al
2015).

Diet composition

There are no evidence-based guidelines for nutritional
requirements in CP children. According to few obser-
vations, already mentioned, the caloric requirements
of children with CP can be estimated between 60%
and 70% of ther normally developing counterparts
(Rempel 2015). In case of severe malnutrition, an
intake of 2gkg'day of protein and an additional
15-20% increase of caloric intake should be sufficient

to ensure “@tch up growth” (Penagini et al. 2015).
The dedsion on the type of formula to administer
should be based on the childs age, energy require-
ments, comorbidities and type of enteral access.
Constipation is one of the most common comorbid-
ities in children with CP, with an estimated prevalence
ranging from 26% to 74% (Dd Giodice et al. 199%;
Fark et al. 2004). Dictary intakes of water and fibers
of CP patients are usually below the recommended
amounts, mainly doe to an objective difficulty to
oraly manage whole, fiber rich vegetable foods. Even
though in children with CP, no correlation between
fluid/fiber intake and constipation has been found
(Veugders ot al. 2010), the initial approach to orally
fed subjects with CP and mild constipation should still
be directed toward an increase in the dietary intake of
fibers. In tube-fed dhildren, a formula supplemented
with fibers (mainly constituted by non-digestible car-
bohydrates, whose development is techniclly in pro-
gress) may be useful, even if assodated with a
worsening of the bloating. In case of no response to
the dietary management, a stool softener such as lac-
tulose may be considered, while the use of polyethyl-
ene glycol or mineral oil should be avoided in @se of
gastroesophageal  reflux, doe to the significantly
increased risk of aspiration (Sullivan 2008). Indeed,
CP children frequently have symptoms related to GI
dysmotility, such as gastroesophageal reflux, delayed
GE and vomiting. Since the rate of GE can be influ-
enced by meal's volume, @loric content, fat content
and viscosity, a change in the composition of the for-
mula may have an impact on GI symptoms. In fact,
Brun et al (2012) demonstrated that a meal contain-
ing 40% sein and 60% whey proteins showed a rate
of GE significantly faster than a meal with 100%
@sein, and that hydrolysed whey and amino adds
showed a comparable effect on GE. A more rapid GE
has demonstrated also an effect on postprandial Gl
symptoms in children with CF using gastrostomy. In
addition, Savage e al (2012) investigated the effects of
a casein-based formula versus two whey-based enteral
formulas (either 50% whole whey protein or 100%
whey partially hydrolyzed protein) on gastroesopha-
geal reflux, GE and Gl symptoms in children with
severe CF, and confirmed that whey formulas emptied
signifiantly faster than @sein. They did not demon-
strate a reduction in Gl symptoms with whey versus
@sein formula, but found a significant difference
between the two whey formulas. In fact, children con-
suming the 50% whole whey proteins formula ecperi-
enced less symptoms than those consuming the
formula with 100% whey partially hydrolyzed proteins,
The authors hypothesized that this effect could be
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related with the higher content of mediom-chain tri-
glycerides in the 100% whey formula. In parallel, also
the nature of supplied carbohydrates should be care-
fully balanced among rapidly ingested sugars, positive
for energy supply, and resistant starch and fibers for
their effects — slow absorption and promotion of peri-
staltic movements. As for fats, the imerplay between
medium chain fatty acids, comparable to simple sugars
as for effects, saturated fats, good for energy storage,
and unsaturated fats, with multiple potential offects
from inflammation to membranes and brain structure,
should be carefully evaluated.

Concerning micronutrients, the standard recom-
mendations for vitamins, minerak and trace elements
intake should be followed as well The only exception
is vimmin [, because of the increased risk of defi-
ciency due to antiepileptic drugs (especially hepatic
enzyme inducers as phenoharbital or phenytoin} and
insufficient sunlight exposure. Based on expert opin-
ion, the suggested dose for vitamin D supplementation
in this population is around S00-1000 Ul of vitamin
[ (Penagini et al. 2015). Mevertheless, considering the
possible ocourrence of hyperalciuria in case of sup-
plementation of caldum and vitamin [, it is advisable
to evaluate calcinm/osmollity ratio on spot urine at
baseline, and at 6-12 months after having started the
supplementation (Fehlings o al. 2012).

Conclusions

The assessment of nutriional statns and folowing
related interventions should be considered one of the
comerstones in the clinical evaluation of children with
CP, and should always be based on a careful measure-
ment of anthropometric parameters, body composition
and individual energy balance by means of specific
tools. The multidisciplinary approach to CP children
aims to define a personalized nutritional support,
which may have an impact not only on physial and
cognitive development, but also on owverall health
related quality of life of the child and of the care-
givers, Future rescarch should be targeted to fnd:
(1} easy to perform methodologies to target individual
dietary meeds; (2) easy to perform interventions to
facilitate the direct access to the Gl tract (eg second
generation stomies); (3) palatable food choices, even if
highly claborated, to improve the acceptance of nutri-
tional supplements if the natural oral roate is
maintained.
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Impact of Hiatal Hernia on Pediatric Dyspeptic Symptoms

*Elena Scarpato, 'Maria D Armiento, “Massimo Martinelli, “Valeria Mancusi,
! Severo Campione, “Annalisa Alessandrella, *Annamaria Staiano, and *Erasmo Miele

ABSTRACT

Ohjectives: Hodsl herma (HH ) alfects fom 1% 1o 50% al adull popu-
stion. The comelation between HH, gadrosophaseal rellux dsase, dys-
mepbc symploms, =nd esophapits hes long been mown m sdulis The
rimary abjec ive of our prospectve observational study was Lo estmales the
mevalence of HH m chikiren undergoing ssophaggadrodudenaacopy
(B, mresprechve ol their sympioms.

Miethods: We prospective by emolled 111 comsecutive chikdren (48 boys and
66 wirls mesn age 9494523 monhe) refemed for EGDL In all of the
pElEns a symplomatc some amesment based on the Rome TH orilena was
wed lo mesiue fequency, severily, md durtion of gastminiestnal
aymploms. HH pesnee wis  endscopically  defned; esphegis
resence was evalusted either endoscopically and dokgcally. Children
were chvided in 2 aperange groups: <48 months (@ou 1) and 48 months
o 23

Résult sz Twenty-three patients ol 111 {20.7%) had evidence of 2 stiding HH
sl B In chilkdrem bFom group 2, we Found @ datishcally sgmiscni
mmocizbion of HH with hestttum (P=003, 95 confilence imerval
1-93, .r==ﬂ.1:| and repurgtstion {(F=0.003, 95% conlidence imerval
1.7-204, # =031 Regnding ewphagiits presence, no smsocistion was
found a1 any age sither with defined esophagitis or with dilsied miencellular
et

Concdusions: Prevalence of HH m owr study populston wes 20T,
Accordmg i owr dels HH oomeldes with the presence of heartbum s
rewifgatian in children, bul not m toddlers. Mo sssociation was found with
exphagis ol wny age.

Key Wonls: epigesinic pin, esoplagopsroduodenaionpy, gastroesophs-
peal reflux

WPON 201459 T95-T9R)}

iatal hernia (HH) defines the hemiation of elements of the

ahdominal cavity into the mediastinem, throwgh a widening
of the right cres of the diaphragm. I has been reported o affect from
10 to 50% o Fihe adult population (1-3), bt its real prevalence is
still unknown because of different diagnoatic criieria. The come-
lation between HH, gastmesophageal reflux discase (GERD ), and
dyspeptic symptoms has long been known in adults {(4), The maost
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comman subtype is fype I or sliding HH, which is sirongly
associated with GERD (5,6) and has been shown © be an inde-
pendent risk factor for the disease (7). Patients with GERD associ-
ated with HH lave increased coposune to acid reflux than subjects
with GERD alone (89). In addition, adult patients with HH are
significantly more likely to have dyspeptic symptoms compared
with those withowt { 10,1 1). Furthemmore, refhix symptoms are more
comman in subjects with HH than in those without, even when
reflex esophagitis is not present at upper endoscopy (2). The
relation betwoen HH and esophagitis has been clearly demonstrated
in adults {12,13). Increases in HH size are significantly correlated
with total csophageal acid cxposure, acid-clearance time, and
csophagitis severity | [4); moreover, patients with HH kave more
severe esophagitis (1) and 2 worst response to treatment { 15) than
those without.

The prevalence of HH in children with gastmoesophagesl
reflux {GER) varies betwoen 6,3% and 41% (1 6-20), whereas few
podiatric data are available on prevalence in children withowt GER.
Ruigomez et al {21) retrospectively demonstrated that HH presence
was associgted withan increased nisk of GERD diagnosis. W et al
{22) have evaleated a cohort o f 104 children with GERD sy mptoms,
demonstrating that emsive csophagitis is more freguent in subjects
with GERD and HH than in subjects with GERD withowt HH.

The primary aim of our study was to estimaie the prevalence
of HH in chikden undergoing caophagogasrodunds noscopy
(EGD), imespoctive of their symptomatology. The secondary aim
was o evaheate the mle of HH in csophagitis and in dyspeptic
SYTPLOmE,

METHODS

We prospectively enrolled 111 conseastive children refemead
for EGD to the Depamment of Translational Medical Science,
Section of Pedigirics of the University of Maples “Federico IT7
From December 2012 to June 2013, Patients who wsed drnegs known
to influence esophageal or gastric maotility or affedt gpastric acid
secretion or had any discase or underwent any surgical procodures
that may affect gastric acid secrefion or gastrossophageal motility
or were unshlkefumwilling to give informed consent were excluded.

Evaluation of Gastrointestinal Symptoms

In all of the patients of the study population, a sympbomatic
scone assesament based on the Rome T critenia (QPGS-RIT was
wsed to evaleate the presence of dyspeptic sympionms. The gues-
tionmaines wse S-point scales to measune froquency, severity, and
duration of gastrointestinal (GI) sympioms. One parent-nepont
version of the QPGS-RII was wsed for the parents of children
between | and 4 § months of age; the other parent-repont version was
wsed for children hetween 48 months and 10 years of age; the self-
report version was administered to children 1) years of age and
older. According o the guestionnaines, we considered dyspeptic
symptonis 1o be the preence of regurgitation, vomiting, retching,
and crying in <hildren <48 months of age and the presence of
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regurgitation, heanburn, bloating, belching, nansea, and early sati-
oty in children babween 48 months and 10 years of age.

Endoscopy

Endoscopic examination was camied out using a standand,
forward-viewing pediatric endoscope (Fujinon BGS30FF, Fuji-
filmy Endoscopy, Wayne, NJ) by an experienced pediatric gasim-
enterologist (E.M.). The EGD was performed in an endoscopy
reom and children were sedated with midazolam administered
intravenously (initial dose 0.05-0.1 mgke, total dose up o
06 mepkg with 8 maximum of & mg in children <6 years of
age and initial dose 0.025-0.05 mg'ke, total dose up to 04 medke
with a maximum of 10 mg in children =6 years of age). Multiple
biopsies were taken from the duodemem, anthrum, corpus, and
caophagus. The forceps hiopsy specimens were obtained from
macrescopically diseased areas, if present, or from the disial
normal esophagenl mucosa, at least 2 cm above the gastroeso-
phageal junction {23).

[dentification of the level of the diaphragmatic hintus was
done a5 described by Boyce (24). Cephalad displacement of the
ok imal margin of the gastric mucosal folds of =2 cm in relation to
the hiates, performed at the end of the EGD after deflation of the
stomach, served as the endoscopic eriterion for the diagnosis of an
HH. In all of the patients, the presence of HH was also confirmed by
retroflexing the scope inky the stomach to assess gastmesophageal
junction (GET) appearance {10).

HHwas furthermone classified as type I or sliding HH, if the
GEl mowed above the disphragm topether with some of the
stomach; type 1 or parsesophageal HH, if pant of the siomach
herniated throngh the ssophageal hisms without movement of the
GEI; and type IL if clements of both types Tand I hemias wene
present (250

Esophagitis Assessment

Endoscopic gading was made acconding to the Hezel-Dent
classification: grade | —erythema: grade 2—superficial uleemtion
ar emsions involving 10% of the distal esophageal mucosa; grade
I —superficial confluent uleeration or erosions imvolving 0% to
5% of the distal esophageal muooss; grade 4 —deep ulceration or
erosions invalving 50% of the distal esophageal mucosa, and grade
S5—strictune {26).

Histological severity was graded according to the Yierian-
Focca classification. This classification evaluates the presence of
hasal cell layer hyperplasia, papillary elongation, dilated intercel-
lular spaces, intraepithelial cosinophils, newtophils and oo -
muclear cells, and erosions, in obtain & combined severity scone:
0 to .25 nomal mucosa (no lesions or one mild lesion); L5 to
075 mild esophagitis {2—3 mild lesions, or 1 mild lesion and one
severe lesion); = 1.0 severe esophagitis (4 mild lesons or =1 severe
lesioms) (27).

Statistical Analysis

Statistical anmalysis was pefformed wsing SPSS statistical
software package for Windows (version 13.0; SPSS, Chicago,
IL). The Student r test and the Mann-Whitney L test for normally
distributed variables and the x* and Fisher exact tests for cateporical
variables were used wherne appropriate. Statistical significance was
predeerminad as P 005,

Toevaleate the association berween HH and the primary and
spcondary factors, we condwcted 2 tests for matched-pair data along
with lincar and multivanate conditional logistic regression analy sis.

7%

Witten, informed consent for panticipation in this sudy was
obtained from parents of all of the patients and from all of the
patients =6 years of age. The stsdy was approved by the institu-
tional review boand of the Univeity of Maples “Rederico IL™

RESULTS

Patients’ Characteristics

Dring the shady period, 111 consecutive children {48 boys
amd 63 girls, mean age 94.9 = 52 3 months ) refemred for EGD were
cnrolled. Table | summanzes clinical clameteristics of the
enralled pati ents, The patients” median age was 94 .9 months {range
13 — 216). To simplify the evaluation of symptoms, the 111
children weme divided in 2 age-range groups, according to the
type of QPGS-RITwsed: <48 months{ group |, n=34,M/F: 1519,
age 15-48 months)and =48 months (group 2: n="77; M/F: 33/44,
age 49216 months). Final diagnosis of the study population is
repanted in Table 2.

HH Prevalence in Children Undergoing EGD

Twenty-three patients of 111 {20.7% ) had evidence of HH at
EGD. Specifically, the prevalence of HH in our population varied
between § of 34 (14.7%) children age <48 months and 18 of 77
patients {23.3%) age =48 months,

All 73 subjects showed a sliding HH and no significant
comelation was found between the presence of HH and sex (P=1,
95% confidenoe interval [CI 0.1-3.6 in group 1; P=0.1, 95% CI
0.9—8 in group 2), symptoms at diagnosis (P=0.7 in group | and
P=035 in group 2}, and final diagnosiz (P=0.3 and P=0.6 in
group | and group 2, respectively ). Fourteen of 60 {23.3%) patients
with a diagnosis of CD presented HH compared with 9 of 31
{ 176%) of the mmaining patients (P=104),

TABLE 1. Symptoms and signs at diagnesis

<48 mo () =A% mo ()
Symploms in=34) n=7T7N
Hesrfium - 27 {35)
Recumeni shdommmnal pam 4 {11.7) 1R (Z333)
Comshpahon 13 {38.2) 34 (40.1)
Racumeni regir mibstion 9 (26.4) 15 {194}
Rleuding - 14 {18.1)
Flatulence — 21 (I 2)
Nansea - 21 {212)
Early satiety - 27 (35)
Belchng - 23 (2XE)
Dnysphagm 5{14.T) 216)
Apmiea 258 —
Crymg 5{14.7) —
Reiching 6 {17.6) ern
Waormbng T {X)L5) 11 {141}
Chronic dismhea 11 {323} ENER ]
Iregular bowel movernents 1i{29 2[26)
Tron deficiency snemia 1 (2% 218
Hemmal=meas — 218
Fanlure 1o (hmve R (35) -
Hemsplyss 129 -
Weikhi loss T {2.5) ERER ]
Poabve CD semology 25 {T3.5) 33 (28)
Ch=celoe duese.
WA [DOT. O G
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TABLE 2. Final diagnosis in children undergoing EGD

TABLE 4. Gl symptoms in subjects with and without HH {48 mao)

<AE mo (%) =48 mo ()
hagnoss im=34) n=T7
o 25 (73.5) 35{45)
EH — 4452}
Funclional dyspepnsa 4 {11.8) 19 (24.8)
GERD 129 &{7.9)
Helicobacer mylori infection 129 339y
Cyolic vomiting — I3
HETR} — ENER}]
EAP - 1§13}
Fesial allemuy 129 1{13)
Epistanis 129
Meckel diveriicuhim — 1413)
Chronic gasritis _— 1413}
Functional shdosmmal pein 1{(1% —

CD=celiac dizemme; EE=sosinophihc smphamis; BiD =emphas-
sstrmduadenoscogy; FAP = lambal sdenomatows polyposis, GERD =gas-
iresophageal relhux disass; IRD = mitsnmaiory howel disece.

Relation Between HH and Gl Symptoms

Table 3 reports data regarding the: association between GI
symptoms {regwgitation, vomiting, retching, filue to thrive,
weight loss, and crying) evaheied using QPGS RIN guestionnaines
and the presemce of HH in children <48 months of age Mo
statistically significant comelation was found in this subgroup of
patients, Conceming children =48 months, thene was no association
between bloating, periumbilical pain, belching, nausea, and early
saticty and HH. In contrast, we found a smtistically significant
assnciation of HH with heartbum (P=003, 95% CI 1-93,
FA=01) and megurgintion (P=0003, 95% CI 1.7-204,
F=03) (Table 4). In fact, a climical history of hearthum was
found in 10 of 18{55.5%) children with HH compared with only 17
of 39 (28.8%) children withewt HH, Similardy, regurgitation was
present in B of 18 {44.4%) children with HH compared with 7 of
39 (11.8%) subjects withowt HH. Multivariate logigic regression
analysis with HH as the dependent varisble confirmed that regur-
gitation was the only independent vanable significantly associated
with the presence of HH (odds ratio =06.057, 95% C1 13-19.5,
P=0.003) in children from group 2, whereas none of the variables
resulted to be independently associated in children from group 1.

Relation Between HH and Esophagitis

Omly 2 patients =48 months were found with an endosco-
pically defined grade [T esophagitis. Mo associstion was, however,
found at any age either with defined esophagitis {P = 0.9 in group 1

TABLE 3. Gl symptoms in subjects with and without HH { <48 ma)

HH (%) mo-HH (%) Tol P 9901
Reguryitation 2 i 7{M1) 9 s 02-15
Vi ting 12m & (2LT) 7 1 0.1-10
Rk himy 12m 5{172) & 1 0.1-13
Frilure i thrive 1 {2.9) 7 (X0.6) i 1 0.1-82
Weight ki 2 02m 5(24.1) 7 a2  04-M
Cryimg 12m 4{2T) 5 1 0.1-10

Cl= ponfudence mierval; {il= pmtroinlestmal; HH =hiial hemia.

WWAW, DL OT G

HiH (%) NoHH(%) Toal P 9901
Rewurpitetion Bi#4)  TOLT 15 00B  17-204
Hearthum WisEa) 17(EAZH 0 T 003 1-43
Blesting 4(22) 10067 4 07 0352
Periumbilical pain 4 (222) 14233 w1 02-3
felching f(44) 15025 7?01 087
Mmsea ST 1626 2 1 03-34
Early mbiety Biddd) 1903LTT 27 03 055

Cl =comlkmos inlerval; Gl = gasdroiniesitna]; H = hata] hema

and P={.7 in goup 2} or with dilated intercellular spaces
(=03 amd P=0.7in group | and group 2, respectively ).

DISCUSSION

This iz the first pediatric prospective study evaluating the
prevalence of HH in children regardless of the presence of GER-
relaied symptoms. We found that HH was present in 2007% of
children undergoing EGD. Prevalence was higher in children
=4 years of age (23.3%) compared with younger subjects
{14.7%). Acconding o our data, HH seems to be related to hearthum
amd regurgitation in children with =4 years of age, whemas the
ather typical symptoms of GER am ot associated with HH at
any age.

In adults, it is stil conroversial whether csophagitis is a
predictable consequence of HH, but this consmrect became unten-
able with the observations that not all patients with HH had reflix
disease, not all patients with esophagitis had concomitant hemias,
amnd simple repair of an HH did mot resolve GERD (4). Sa,
apparently, in children as well as in adults, HH seems just a nsk
factor for the development of dyspeptic symptoms, rather than
emsive esophagitis, without affecting the severity ofthe discase (4).
Onur data are in agreement with the data from Peeersen et al (1), who
endoscopically evahiated 930 adult patients efered for GI symp-
toms amd highlighted that subjects with HH presented more fie-
quently heartburn and regurgitation compared with those without.
In addition, in a sudy of healthy aubjocts with GER sympinms, 5141
et al (28 ) demonstrated that 62% had an HH compared with 14% of
asymptomatic subjects; moreover, they showed that subjects with
GERD had predomimantly nonerosve esophagite whereas only
one-quarter of subjects had csophageal erythema or erosions The
prevalence of HH in children with GER varies between 6.3% {16)
amd 41% {17-20), wherneas no data are available on the prevalence
in children withowt GER/GERD. Different justifications may be
proposed for wide range of results in diverse stmdies; different
sample sizes amd used methods for detecting HH may be the
reasons. Hassal et al (18) characterized |66 pediatric patients
whoreceived long-em proton-pump inhibitors; an endoscopically
defined HH was found in 39% of patients. Population-hased shedies
have shown that approcimaiely 50%% of individuals with reflux
symptoms withowut csophagitis and 73% of those with symptoms
and esophagitis experience an HH (1129 We did not find any
relation between the presence of HH with sverity of crosive
espphagitis according to endoscopically or histologically defined
esophagitis. Similar studies could not find any relation between HH
amd severnity of erosive csophagitis {30,31). In adults, some reports
demonstrated that both the presence and the size of HH are
independent predictors of esophagitis presence and seventy
{ 1LE). Concering podiatric paticnts, Gorensiein et al { 16) compared
the 24-howr pH-monitoring studies from children who had GER and
HH to those from  children who had GER without HH. The
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prevalence of HH in their study population was 6.3%; furthermare,
they found that the presence of HH in children with GER may
predict increasad failure of medical management, We could hypo-
thesize that a shorter exposure of the distal esophagus o acid was
not yet sufficient to determine the histological signs of esophageal
damage or merely that HH does not predispose to enosive esopha-
gitis in pediatric patients without comorbidities.

This shudy has some limitations. Sliding hiams hernia is
readily disgnosed by barium swallow radiogrmphy or endoscopy,
when =2 cm in axial span {4). We, however, did not perform a
barium swallow examination to confirm the endoscopic findings,
for ethical rasens; therefore, it was not pessible to perform a
quantitative assessment of HH size. [n addition, the prevalence of
HH could have been overestimated owing to the lower esophageal
sphincier relaxation consoquent to the wse of midazolam during the
examination and to the presence of confimuous erving during the
majority of the examinations (32). False- positives, however, should
have been strongly limited through the evahmation of GET by
metmflexing the scope.

COMCLUSIONS
We assemerd the prevalence of HH in a pedistric population
undergoing EGD, irrespective of dyspeptic symptoms. According
to owr data, HH comdates with the presence of heartburn and
regurg itation in children, but not in toddlers. Moreower, no associ-
ation was found with either endoscopically or histologically defined
esophagitis at any age.
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Chapter 8
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- Effect of nutritional status on the immune function
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